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Our quality 
system 
focuses 
on the continuing 
high quality 
of our 
components 
and the best possible service for our customers. 
We have 
a three-sided 
quality strategy: we apply a system of total quality control 
and assurance; 
we operate customer-oriented 
dynamic 
improvement 
programmes; 
and 
we 
promote 
a partnering 
relationship 
with 
our 
customers 
and suppliers. 


In striving 
for state-of-the-art 
perfection, 
we continuously 
improve 
components 
and processes 
with respect to environmental 
demands. 


Our components 
offer no hazard to the environment 
in normal 
use 
when operated 
or stored within the limits specified 
in the data sheet. 


Some components 
unavoidably 
contain substances 
that, if exposed by 
accident or misuse, are potentially 
hazardous 
to health. Users of these 
components 
are informed of the danger by warning notices in the data 
sheets 
supporting 
the components. 
Where 
necessary 
the warning 
notices 
also 
indicate 
safety 
precautions 
to be taken 
and disposal 
instructions 
to be followed. 
Obviously 
users of these components, 
in 
general 
the set-making 
industry, 
assume 
responsibility 
towards 
the 
consumer 
with respect to safety matters and environmental 
demands. 


All used or obsolete 
components 
should be disposed 
of according 
to 
the regulations 
applying 
at the disposal 
location. 
Depending 
on the 
location, 
electronic 
components 
are 
considered 
to be 
'chemical', 


'special' or sometimes 
'industrial' waste. Disposal as domestic waste is 
usually not permitted. 
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Preface 


Microcontrollers 
from Philips Semiconductors 


Philips 
Semiconductors 
supplies 
a wide 
range of microcontrollers 
based 
on 


mainstream 
architectures. 
By offering 
a large variety 
of product 
derivatives, 
Philips 


Semiconductors 
can meet a broad 
range of specific 
or unique 
application 


requirements. 
All of our microcontrollers 
are based 
on mainstream 
architectures 
to 


allow the user to take advantage 
of existing 
software 
and a vast array of third-party 


support. 


Philips 
Semiconductors 
8-bit microcontrollers 
are based 
on the popular 
80C51 
architecture. 
We offer most of the industry 
standard 
products 
in this architecture 
as 


well as a large selection 
of powerful 
derivative 
products. 
These 
derivatives 
offer a 


wide assortment 
of features, 
including: 
additional 
memory, 
AID, PWM, 
additional 
timers, 
and many more. 
Many of the derivative 
microcontrollers 
have an 12C serial 


interface 
that allows 
them to be connected 
easily to over 
100 other parts, 


increasing 
their capabilities 
even further. 
The 12C serial 
bus is covered 
in Section 
4 


of this book. 
Philips 
Semiconductors 
also offers the Controller 
Area 
Network 
(CAN) 


serial 
bus for automotive 
and industrial 
applications. 
This standard, 
developed 
by 


Bosch, 
offers high noise immunity 
and error correction 
for automotive 
and industrial 


environments. 
The CAN serial 
bus is covered 
in Section 
6 of this book. The data 


sheets 
for Philips 
low power 
80CL51 
family 
of derivatives 
are included 
in Section 
3. 


These 
devices 
operate 
over the wide voltage 
range 
of 1.8 - 6.0 volts and are ideal 
for portable 
and battery 
operations. 
This data book covers 
the 80C51 
standard 


products 
and derivatives 
that Philips 
Semiconductors 
manufactures. 


Philips 
Semiconductors 
16-bit 90CXXX 
microcontroller 
family 
is based 
on the 


68000 
architecture. 
While 
these are called 
16-bit microcontrollers, 
the 68000 
CPU 
core architecture 
is 32-bit. 
This offers the user a great deal more processing 
power, 


when the need arises 
in a design 
to move from an 8-bit to a 16-bit microcontroller. 


Philips 
Semiconductors 
16-bit microcontrollers 
are software 
compatible 
with 


existing 
68000 
code. As with our popular 
8-bit microcontrollers, 
EPROM 
and OTP 
versions 
of our 16-bit products 
are available. 
The 16-bit microcontrollers 
are 


covered 
in a separate 
data book. 


Philips 
Semiconductors 
offers 
uncompromising 
quality, 
service, 
and support 
with all 


of its microcontroller 
products. 
For a complete 
family 
and the best in microcontroller 


products, 
look to Philips 
Semiconductors. 
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80C51-Based 
8-Bit Microcontrollers 


Product Status 


Data Sheet 
Product Status 
Definition 
Identification 


Objective 
Specification 
Formative 
or In Design 
This dala sheet contains 
the design 
larget or goal specifications 
for 


product 
development. 
Specifications 
may change 
in any manner 


without 
notice. 


Preliminary 
Specification 
PreproductIon 
Product 
This data 
sheet contains 
preliminary 
dala, 
and supplementary 
dala 
will be published 
at a later dale. Philips 
Semiconductors 
reserves 
the 


right to make changes 
at any time without 
notice 
in order to improve 
design 
and supply 
the best possible 
product. 


Product 
Specfflcalion 
Full Production 
This 
data 
sheet 
contains 
Final 
Specifications. 
Philips 


Semiconductors 
reserves 
the right 10 make 
changes 
at any time 


without 
notice, 
in order 
10 improve 
design 
and 
supply 
Ihe besl 


possible 
product. 


Part Number 
Memory 
Counter 
I/O 
Serial 
Extemal 
Comments! 


(ROMless) 
ROM 
EPRM 
RAM 
Timers 
Port 
Interfaces 
Interrupt 
Special 
Features 


p 
83C750 
1K 
64 
1 
16-bIt 
2-318 
2 
40 MHz, 
Lowest 
cost, 
24-pin 
Skinny 
DIP 


p 
87C750 
1K 
64 
1 
16-bit 
2-318 
2 
40 MHz, 
Lowest 
cost, 
24-pin 
Skinny 
DIP 


p 
83C751 
2K 
64 
1 
16-bit 
2-318 
12C 
bit 
2 
Low-Cost 
24-pin 
Skinny 
DIP 


p 
87C751 
2K 
64 
1 
16-bit 
2-318 
12C 
bit 
2 
Low-Cost 
24-pin 
Skinny 
DIP 


p 
83C752 
2K 
64 
1 
16-bIt 
2-5/8 
i2C 
bit 
2 
5 Channel 
8-bit ND, PWM 
Output 


p 
87C752 
2K 
64 
1 
16-bit 
2-5/8 
12C 
bit 
2 
5 Channel 
8-bit ND, PWM 
Output 
MAX 
8051AH 
(8031AH) 
4K 
128 
2 
4 
UART 
2 
NMOS 


SC 
SC80C51 
(80C31) 
4K 
128 
2 
4 
UART 
2 
CMOS 
(Sunnyvaie) 


PC 
PCx80C51 
(80C311 
4K 
128 
2 
4 
UART 
2 
CMOS 
(Hamburo) 


SC 
87C51 
4K 
128 
2 
4 
UART 
2 
CMOS 
p 
80CL51 
180CL31) 
4K 
128 
2 
4 
UART 
10 
Low Voltage 
(1.8V to 6V), Low Power 
p 
83CL410 
(80CL410l 
4K 
128 
2 
4 
12C 
10 
Low Voltage 
(1.8V to 6V), Low Power 
sc 
83C451 
(80C451l 
4K 
128 
2 
7 
UART 
2 
Extended 
I/O, Processor 
Bus interface 
sc 
87C451 
4K 
128 
2 
7 
UART 
2 
Extended 
I/O, Processor 
Bus Interface 


p 
83C550 
(80C550) 
4K 
128 
2+Watchdog 
4 
UART 
2 
8 Channel 
8-bit NO 
p 
87C550 
4K 
128 
2+Watchdog 
4 
UART 
2 
8 Channel 
8-bIt NO 
p 
83C851 
(80C851) 
4K 
128 
2 
4 
UART 
2 
256B 
EEPROM, 
80C51 
Pin compatible 
p 
83C852 
6K 
256 
2 (16-bit) 
218 
1 
Smartcard 
Controller 
with 2K EEPROM 
(Data, 
Code) 
Crvptoqrahpic 
Calc 
Unit 
p 
83CL580 
6K 
256 
3+Watchdog 
5 
UART,12C 
10 
4 Channel 
8-bit NO, 
PWM 
Output, 


Low Voltage 
(2.5V to 6V), Low Power 
MAX 
8052AH 
18032AH) 
8K 
256 
3 
4 
UART 
2 
NMOS 
p 
80C52 
(80C32) 
8K 
256 
3 
4 
UART 
2 
80C51 
Pin Compatible 
p 
87C52 
8K 
256 
3 
4 
UART 
2 
lsee 
above) 


p 
83C652 
(80C6521 
8K 
256 
2 
4 
UART,I2C 
2 
80C51 
Pin Compatible 


S 
87C652 
8K 
256 
2 
4 
UART,I2C 
2 
(see above) 
s 
83C51 FA 
8K 
256 
3+PCA 
4 
UART 
2 
Enhanced 
UART, 
3 timers 
+ PCA 
s 
87C51FA 
8K 
256 
3+PCA 
4 
UART 
2 
Enhanced 
UART, 
3 timers 
+ PCA 
s 
83L51 FA 
8K 
256 
3+PCA 
4 
UART 
2 
Low Voltage 
83C51 FA (3V @ 20MHz) 
s 
87L51FA 
8K 
256 
3+PCA 
4 
UART 
2 
Low Voltage 
OTP 
87C51 FA 13V @ 20MHz) 


p 
83C575 
(80C575) 
8K 
256 
3+ 
PCA 
4 
UART 
2 
High 
Reliability, 
with 
Low Voltage 
Detect, 


+ Watchdog 
Osc 
Fail Detect, 
Analog 
Comparators, 
PCA 
p 
87C575 
8K 
256 
(see above) 
4 
UART 
2 
(see aIbove) 


PC 
83C552 
(80C552) 
8K 
256 
3+Watchdog 
6 
UART,12C 
2 
8 Channel10-bitND, 
2 PWM 
Outputs, 
Capture/Compare 
Timer 
s 
87C552 
8K 
256 
3+Watchdoo 
6 
UART,12C 
2 
(see aIbove) 


PC 
83C562 
(80C562) 
8K 
256 
3+ 
Watchdog 
6 
UART 
2 
8 Channel 
8-bit NO, 
2 PWM 
Outputs, 


Capture/Compare 
Timer 
p 
83C055 
16K 
256 
2 (16-bit) 
3.5 
2 
On-Screen 
Display, 
9 PWM 
Outputs, 


3 Software 
NO 
Inputs 
p 
87C055 
16K 
256 
2 (16-bit) 
3.5 
2 
(see above) 
p 
83C654 
16K 
256 
2 
4 
UART,12C 
2 
80C51 
Pin Compatible 
p 
87C654 
16K 
256 
2 
4 
UART, 
i2C 
2 
(see above) 
p 
83CE654 
16K 
256 
2 
4 
UART,I2C 
2 
83C654 
with Reduced 
EMI 
p 
83CL781 
16K 
256 
3 
4 
UART,12C 
10 
Low Voltage 
(1.8V to 6V), Low Power 
p 
83CL782 
16K 
256 
3 
4 
UART,12C 
10 
83CL781 
Optimized 
12MHz 
@ 3.1V 
s 
83C51FB 
16K 
256 
3+ 
PCA 
4 
UART 
2 
Enhanced 
UART, 
3 timers 
+ PCA 
s 
87C51FB 
16K 
256 
3+PCA 
4 
UART 
2 
Enhanced 
UART, 
3 timers 
+ PCA 
s 
83L51FB 
16K 
256 
3+ 
PCA 
4 
UART 
2 
Low Voltaoe 
83C51 FB (3V @ 20MHz) 
s 
87L51FB 
16K 
256 
3+ 
PCA 
4 
UART 
2 
Low Voltaqe 
OTP 
87C51 FB (3V @ 20MHz) 


p 
83C524 
16K 
512 
3+ 
Watchdoo 
4 
UART, 
12C-bit 
2 
512 RAM 
p 
87C524 
16K 
512 
3+Watchdoo 
4 
UART, 
12C-bit 
2 
512 RAM 
p 
83C592 
(80C592) 
16K 
512 
3+ 
Watchdog 
6 
UART, 
CAN 
6 
CAN 
Bus Controller 
with 8 x 1O-bit NO, 


2 PWM 
outputs, 
Capture/Compare 
Timer 
p 
87C592 
16K 
512 
3+ 
Watchdog 
6 
UART,CAN 
6 
(see above) 
p 
83C528 
(80C528 
32K 
512 
3+Watchdog 
4 
UART, 
12C-bit 
2 
Larqe 
Memorv 
for Hiqh Level 
Lanquaoes 
p 
87C528 
32K 
512 
3+Watchdoo 
4 
UART, 
12C-bit 
2 
Large 
Memory 
for High Level 
LanguagEls 
p 
83CE558(80CE558) 
32K 
1024 
3+Watchdog 
6 
UART,I2C 
2 
Low EMI, 8 ChanneI10-bitND, 
2 PWM 


Outputs, 
Capture/Compare 
Timer 
p 
89CE558 
32K 
1024 
3+Watchdog 
6 
UART,I2C 
2 
32K FLash 
EEPROM 
plus aIbove 


Part 
Number 
Program 
Clock 
Freq 
Temperature 
Ranges 
(OC) 
Package 


(ROMless) 
Security? 
(MHz) 
01070 
-4010 +85 
-5510+125 
PDIP 
CDIP 
PLCC 
CLCC 
POFP 


83C750 
S 
Y 
3.51040 
X 
X 
N24 
F24 
A28 


87C750 
S 
Y 
3.51040 
X 
X 
N24 
F24 
A28 


83C751 
S 
N 
3.5t016 
X 
X 
X 
N24 
A28 


87C751 
S 
Y 
3.5t016 
X 
X 
X 
N24 
F24 
A28 


83C752 
S 
N 
3.51016 
X 
X 
N28 
A28 


87C752 
S 
Y 
3.510 16 
X 
X 
X 
N28 
F28 
A28 


8051AH 
(8031AH) 
S 
N 
3.51015 
X 
X 
N40 
A44 


SC80C51 
(8OC31) 
S 
Y 
3.51033 
X 
X 
X 
N40 
A44 
B44 (5) 


PCx80C51 
(80C31) 
H 
N 
1.21030 
X 
X 
X 
P (40) 
WP(44) 
H(44) 


87C51 
S 
Y 
3.51033 
X 
X 
X 
N40 
F40 
A44 
K44 
B44 (5) 


8OCL51 
(80CL311 
Z 
N 
01016(1) 
X 
N40(2) 
B44 


83CL410(BOCL410) 
Z 
N 
01016(1) 
X 
N40(2) 


83C451 
(80C451) 
S 
N 
3.51016 
X 
X 
X 
N64(4) 
A68 


87C451 
S 
Y 
3.51016 
X 
X 
X 
N64(4) 
A68 


83C550 
180C550\ 
S 
Y 
3.51016 
X 
X 
N40 
A44 


87C550 
S 
Y 
3.51016 
X 
X 
-4010+125 
N40 
F40 
A44 
K44 


83C851 
180C851 
H 
Y 
1.21016 
X 
X 
N40 
A44 
B44 


83C852 
H 
Y 
11012 
X 
S028 
or die 


83CL580 
Z 
N 
01012(1) 
X 
(3) 
B64 


8052AH 
(8032AH) 
S 
N 
3.51015 
X 
X 
N40 
A44 


80C52 
(80C32) 
S 
Y 
3.51024 
X 
X 
N40 
A44 
B44 (5) 


87C52 
S 
Y 
3.51024 
X 
X 
X 
N40 
F40 
A44 
K44 
B44 (5) 


83C652 
(8OC652) 
H 
Y 
1.21024 
X 
X 
-4010+125 
N40 
A44 
B44 


87C652 
S 
Y 
1.21020 
X 
X 
X 
N40 
F40 
A44 
K44 


83C51FA 
S 
Y 
3.51024 
X 
X 
N40 
F40 
A44 
K44 
B44 


87C51FA 
S 
Y 
3.51024 
X 
X 
N40 
F40 
A44 
K44 
B44 


83L51FA 
S 
Y 
3.51020 
X 
X 
N40 
F40 
A44 
K44 
B44 


87L51FA 
S 
Y 
3.51020 
X 
X 
N40 
F40 
A44 
K44 
B44 


83C575 
(8OC575) 
S 
Y 
41016 
X 
X 
N40 
A44 
B44 


87C575 
S 
Y 
410 16 
X 
X 
N40 
F40 
A44 
K44 
B44 


83C552 
(80C552) 
H 
N 
1.21030 
X 
X 
-4010+125 
A68 
B80 


87C552 
S 
Y 
1.21016 
X 
A68 
K68 


83C562 
(8OC562) 
H 
N 
1.21016 
X 
X 
-4010+125 
A68 
B80 


83C055 
S 
N 
3.51020 
X 
42SDIP 


87C055 
S 
N 
3.51020 
X 
42SDIP 


83C654 
(80C654) 
H 
Y 
1.2t024 
X 
X 
-4010+125 
42SDIP 
N40 
A44 
B44 


87C654 
S 
Y 
1.2to20 
X 
X 
X 
N40 
F40 
A44 
K44 
B44 


83CE654 
H 
Y 
1.21016 
X 
X 
B44 


83CL781 
Z 
N 
0101211\ 
X 
N40 
B44 


83CL782 
Z 
N 
010 12(1) 
-2510+55 
N40 
B44 


83C51FB 
S 
Y 
3.51024 
X 
X 
N40 
F40 
A44 
K44 
B44 


87C51FB 
S 
Y 
3.51024 
X 
X 
N40 
F40 
A44 
K44 
B44 


83L51FB 
S 
Y 
3.51020 
X 
N40 
F40 
A44 
K44 
B44 


87L51FB 
S 
Y 
3.51020 
X 
N40 
F40 
A44 
K44 
B44 


83C524 
H 
Y 
1.21016 
X 
X 
N40 
A44 
B44 


87C524 
S 
Y 
3.51012 
X 
X 
N40 
F40 
A44 
K44 
B44 


83C592 
(8OC592) 
H 
Y 
1.210 16 
X 
-40 to +125 
A68 
K68 


87C592 
H 
Y 
1.21016 
X 
42SDIP 
A68 
K68 


83C528 
(8OC528) 
H 
Y 
1.21016 
X 
X 
-4010+125 
N40 
A44 
B44 


87C528 
S 
Y 
3.51020 
X 
X 
N40 
F40 
A44 
K44 
B44 


83CE558 
BOCE558 
H 
Y 
3.5 to 16 
X 
X 
B80 


89CE558 
H 
Y 
3.51016 
X 
X 
B80 


INTEL 
AMD 
SIEMENS 
OKI 
MATRA/HARRIS 
PHILIPS SEMICONDUCTORS 


NMOS 
8039AL 
MAB8039H/SCN8039H 
8049AH 
MAB8049H/SCN8049H 
8040AHL 
MAB8040H/SCN8040H 
8050AH 
MAB8050H/SCN8050H 


IL 
8031AH 
8031AH 
SAB 8031A 
MAB8031 AH/SCN8031 H 
8051AH 
8051AH 
SAB 8051A 
MAB8051 AH/SCN8051 H 
8032AH 
SAB 8032A 
MAB8032AH/SCN8032H 
8052AH 
SAB 8052A 
MAB8052AH/SCN8052H 


CMOS 
80C31BH 
80C31BH 
SAB 80C31 
MSM80C31 
80C31 
PCB80C31 BH-21SC80C31 BCC 
80C31BH-1 
80C31-1 
PCB80C31 BH-3/SC80C31 BCG 
80C31BH-2 
C51 
MSM80C31 
80C3151 
ISC80C31BCB 


80C51BH 
8051BH 
SAB 80C51 
MSM80C51 
80C51 
PCB80C51 BH-21SC80C51 BCC 
80C51BH-1 
80C51-1 
PCB80C51 BH-3/SC80C51 BCG 
80C51BH-2 
MSM80C51 
80C51 
ISC80C51 BCB 


87C51 
87C51 
SC87C51CC 
87C51-1 
SC87C51CG 
87C51-2 
SC87C51CB 


80C32 
P80C32EB 
80C32-1 
P80C32GB 
80C52 
80C52T2 
P80C52EB 
80C52-1 
P80C52GB 


83C51FA 
S83C51FA-4 
87C51FA 
S87C51 FA-4 
83C51FB 
S83C51FB-4 
87C51FB 
S87C51FB-4 
83C51FC 
S83C51 FC-4 
87C51FC 
S87C51 FC-4 
NOTES: 
1. Siemens 8032A-16 ~ 16MHz 8032. 
2. AMD 80C52T2 ~ 80C52 without T2. 
3. 
80XXAHL ~ 80XX with low power standby pin; H ~ HMOS. 


Low Power 80CL51 Family 
Derivatives 


Type 
Available 
ROM 
RAM 
I/O 
12C 
UART 
Features 
Package 


80CL51 
Yes 
4k 
128 
32 
No 
Yes 
Low Voltage 80C51 
40-Pin Dual In-Line 
40-Pin Very Small Outline 
44-Pin Quad Flat Pack 


8OCL31 
Yes 
- 
128 
32 
No 
Yes 
Low Voltage 80C31 
40-Pin Dual In-Line 
40-Pin Very Small Outline 
44-Pin Quad Flat Pack 


83CL410 
Yes 
4k 
128 
32 
Yes 
No 
80CL51 with 12C-bus 
40-Pin Dual In-Line 
40-Pin Very Small Outline 
44-Pin Quad Flat Pack 


80CL410 
Yes 
- 
128 
32 
Yes 
No 
80CL51 with 12C-bus 
40-Pin Dual In-Line 
40-Pin Very Small Outline 
44-Pin Quad Flat Pack 


83CL580 
Yes 
6k 
256 
40 
Yes 
Yes 
ADC, PWM, Watchdog, T2 
50-Pin Very Small Outline 
64-Pin Quad Flat Pack 


80CL580 
Yes 
- 
256 
40 
Yes 
Yes 
ADC, PWM, Watchdog, T2 
50-Pin Very Small Outline 
64-Pin Quad Flat Pack 


83CL781 
Yes 
16k 
256 
32 
Yes 
Yes 
Low voltage 83C654, T2 
40-Pin Dual In-Line 
44-Pin Quad Flat Pack 


83CL782 
Yes 
16k 
256 
32 
Yes 
Yes 
Fast 83CL781: 12MHzI3V 
40-Pin Dual In-Line 
44-Pin Quad Flat Pack 


85CLOOO 
Yes 
- 
256 
32 
Yes 
Yes 
For SW development 
Piggyback 


85CL580 
Yes 
- 
256 
40 
Yes 
Yes 
For SW development 
Piggyback 


85CL782 
Yes 
- 
256 
32 
Yes 
Yes 
For SW development 
Piggyback 
, 


Type 
Available 
ROM 
RAM 
I/O 
12C 
UART 
Features 
Package 


83L51FA 
Yes 
8k 
256 
32 
No 
Yes 
PCA, Enhanced UART 
40-Pin Dual In-Line 


3.0Vto 4.5V 
44-Pin PLCC 
44-Pin Quad Flat Pack 


87L51FA 
Yes 
8k 
256 
32 
No 
Yes 
PCA, Enhanced UART 
40-Pin Dual In-Line 


EPROM! 
3.0Vto 4.5V 
44-Pin PLCC 


OTP 
44-Pin Quad Flat Pack 


83L51FB 
Yes 
16k 
256 
32 
No 
Yes 
PCA, Enhanced UART 
40-Pin Dual In-Line 


3.0Vto4.5V 
44-Pin PLCC 
44-Pin Quad Flat Pack 


83L51FB 
Yes 
16k 
256 
32 
No 
Yes 
PCA, Enhanced UART 
40-Pin Dual In-Line 


EPROM! 
3.0Vto 4.5V 
44-Pin PLCC 


OTP 
44-Pin Quad Flat Pack 


COMPANY 
ADDRESS 
TELEPHONE 


Ashling Microsystems Limited 
Plassey Technological Park 
.' 
(353) 63-334466 


Limerick. Ireland 


BSO Tasking 
128 Technology Center 
(617) 894-7800 


P.O. Box 9164 
Waltham, MA 02254-9164 


Ceibo Ltd. 
105 Gleason Rd. 
(617) 863-9927 
Lexington, MA 02173 


Merkazim Building, Industrial Zone 
972-52-555387 


P.O. Box 2106 
Herzelia 46120, ISRAEL 


MetaLink Corp. 
325 E. Elliot Road, Suite 23 
(602) 926-0797 
Chandler, AZ 85225 


Nohau Corp. 
51 E. Campbell Ave. 
(408) 866-1820 
Campbell, CA 95008 


Philips Semiconductors 
Corporate Centre 
31-40-724223 


Building BAE-2 
P.O. Box218 
5600 MD Eindhoven 
The Netherlands 


SIGNUM Systems 
171 E. Thousand Oaks Blvd., 
(805) 371-4608 
#202 
Thousand Oaks, CA 91360 


Advin Systems 
Logical Devices, Inc. 
North Valley Products 
1050-L East Duane Ave. 
1201 Northwest 65th Piace 
P.O. Box 32899 
Sunnyvale, CA 94086 
FI. Lauderdale, FL 33309 
San Jose, CA 95152 
(408) 736-2503 
(305) 974-0967 
(408) 929-5345 


BP Microsystems 
Logical Systems 
Strebor Data Communications 
10681 Haddington #190 
P.O. Box 6184 
1008 N. Nob Hili 
Houston, TX 77043 
Syracuse, NY 13217-6184 
American Fork, UT 84003 
(800) 225-2102, (713) 461-9430 
(315) 478-0722 
(801) 756-3605 


Data 1/0 Corp. 
Needham's Electronics 
10525 Willows Road N.E. 
4535 Orange Grove Ave. 


P.O. Box 97046 
Sacramento, CA 95841 
Redmond, WA 98073-9746 
(916) 924-8037 
(206) 881-6444 


COMPANY 
ADDRESS 
TELEPHONE 


Archimedes Software, Inc. 
2159 Union SI. 
(415) 567-4010 
San Francisco, CA 94123 


BSOlTasking 
Tasking Software BV 
31-33-55-85-84 (Telephone) 


P.O. Box 899 
31-33-55-00-33 (Fax) 
3800 AW Amersfoort 
The Netherlands 


BSO Tasking 
(617) 894-7800 (Telephone) 


128 Technology Center 
(617) 894-0551 (Fax) 


P.O. Box 9164 
(710) 324-0760 (Telex) 
Waltham, MA 02254-9164 
(800) 458-8276 (Toll Free) 


Franklin Software, Inc. 
888 Saratoga Ave. #2 
(408) 296-8051 
San Jose, CA 95129 


8-bit microcontroller 
demonstration 
and 
evaluation 
boards 


PRODUCT 
DESCRIPTION 


OM4151 
12C demonstration 
board based on 84CXX derivatives 


12C LCD driver demonstration 
board with 84CXX microcontroller 


12C bus analyzer 
(with 84CXX) 


887COOK 
12C demonstration 
board based on 80C51 derivatives 


OM4238, 
P8051DB 
8051 family demonstration 
board 


OM4128 
8XC552 evaluation 
board 


OM4130, 
PCAN·EVAL 
CAN controller 
evaluation 
board 


OM4239 
8XC592 evaluation 
board 


OM4160,8M68070 
68070 demonstration 
and evaluation 
board MicroCore 
I 


OM4160/3.8M90C100 
90C100 family demonstration 
and evaluation 
board MicroCore 
III 


OM4280, 
P83C852DEM 
83C852 demonstration 
kit 


OM4281 
83C852 software 
evaluation 
kit 


P8051DB 
80C51 family development 
board 


OM4717, 
P83CL80LAR 
83CL410 
solar powered 
demonstration 
board 


OM5005, 
P80CLEVAL 
80CL51 evaluation 
board 


D8750 
8XC750 
microcontroller 
in-circuit emulation 
development 
tool 


To better serve our customers, Philips maintains a microcontroller builetin board. This computer bulletin board system features a microcontroller 
newsletter, application and demonstration programs for download, and the ability to send messages to microcontroller application engineers. 
The system can be accessed with a modem at 2400, 1200, or 300 baud. 


The telephone numbers are: 


(800) 451-6644 (in the U.S.) 
or 
(408) 991-2406 


We also have a ROM code bulletin board through which you can submit ROM codes. This is a closed bulletin board for security reasons. To get 
an ID, contact your local sales office. The system can be accessed with a 2400, 1200, or 300 baud modem, and is available 24 hours a day. 


The telephone number is: 


TYPE 
ROMI 
RAM 
SPEED 
PACKAGE 
FUNCTIONS 
REMARKS 
PROBE 
THIRD PARTY 
REMARKS 
EPROM 
(MHz) 
SDS 
EMULATOR 


80C31 
0 
128 
33 
UART, 2 timers 
87C51:0FP 
OM1092 
8052PC(M) 
OM1092: 
80C51 
4k ROM 
128 
33 
DIL40, LCC44 
package up to 
+OM1097 
Universal 
87C51 
4k EPROM 
128 
33 
OFP44 
16MHz 
(16MHz) 
probe 


POD-C51 B(N) 
OM1095: 
Upgrade 
unit 


83C51FA 
8k ROM 
256 
24 
DIL40, LCC44 
Enhanced 


87C51FA 
8k EPROM 
256 
24 
OFP44 
UART, 3 timers, 
PCA 


83L51FA 
8k ROM 
256 
20 
DIL40, LCC44 
Enhanced 
3Vto 4.5V 
87L51FA 
8k EPROM 
256 
20 
OFP44 
UART, 3 timers, 
operation 
PCA 


87C51FB 
8k ROM 
256 
24 
DIL40, LCC44 
Enhanced 
83C51FB 
8k EPROM 
256 
24 
OFP44 
UART, 3 timers, 
PCA 


87L51FB 
8k ROM 
256 
20 
DIL40, LCC44 
Enhanced 
3Vto 4.5V 


83L51FB 
8kEPROM 
256 
20 
OFP44 
UART, 3 timers, 
operation 
PCA 


87C51FC 
32kROM 
256 
20 
DIL40, LCC44 
Enhanced 
83C51FC 
32k EPROM 
256 
20 
UART, 3 timers, 
PCA 


80C32 
0 
256 
24 
DIL40, LCC44 
UART, 3 timers 
OM1079 
8052PC(M) 


80C52 
8k ROM 
256 
24 
OFP44 
OM5012 
POD-C32(N) 
87C52 
8k EPROM 
256 
24 


80C451 
0 
128 
16 
UART, 2 timers 
OM4123 
83C451 PC(M) 
OM4124: 
83C451 
4k ROM 
128 
16 
DIP64/LCC68 
Extended 1/0 
POD-C451 B(N) 
PLCC to DIL 


87C451 
4k EPROM 
128 
16 
OM4125: 
DIL to PLCC 


83C504 
16K ROM 
256 
24 
DIL40, LCC44 
24 by 8 divide, 


87C504 
16K EPROM 
256 
24 
OFP44 
2 timers 


87C524 
16K EPROM 
512 
20 
DIL40/LCC44 
UART, 3 timers 
OM4111 + 
83528PC(M) 
OM4110: 


Watchdog timer 
OM4110 
POD-C528(N) 
gen. probe 
83C524 
16kROM 
512 
12 
OFP44 
Bit 12C 
OM4111: 
probe head 


83C528 
32k ROM 
512 
16 
DIL40/LCC44 
UART, 3 timers 
OM4111 + 
83C528PC(M) 
OM4110: 
87C528 
32kEPROM 
512 
16,20 
(OFP44) 
Watchdog 
OM4110 
gen. probe 
timer 
POD-C528(N) 
OM4111: 


Bitl2C 
probe head 


83CE528 
32kROM 
512 
16 
CE ONLY OFP 
OM4120-S 
formax. 
speed 


80C550 
0 
128 
16 
LCC44 
UART, 2 timers 
OM5055 + 
83550(M) 
OM4110: 
83C550 
4k ROM 
128 
16 
DIL40 
88-bitADC 
OM4110 
POD-C550(N) 
probe base 
87C550 
4k EPROM 
128 
16 
inputs, 
watchdog timer 


80C552 
0 
256 
16,24 
LCC68/0FP80 
UART, 2 timers 
OM1092 + 
83C552PC(M) 
OM1092: 
83C552 
8k ROM 
256 
16,24 
Timer with 
OM1095 
POD-C552B(N) 
Universal 
87C552 
8k EPROM 
256 
16 
compare and 
probe 
capture, 
OM1095: 


2 PWM outputs, 
Upgrade 


810-bitADC 
unit 


inputs, By1e12C 


83CE558 
32K ROM 
1K 
16 
OFP80 
As 8xC552 with 
89C: 04-92 
OM4110+ 
OM4110: 
87CE558 
32K FLASH 
1K 
16 
PLL-oscillator 
83C: 0213-93 
OM4271 
probe base 
80CE558 
0 
Auto scan ADC 
(in dev) 
OM4115; 
QFP80 
adapter 


TYPE 
ROM! 
RAM 
SPEED 
PACKAGE 
FUNCTIONS 
REMARKS 
PROBE 
THIRD PARTY 
REMARKS 
EPROM 
(MHz) 
SDS 
EMULATOR 


80C562 
0 
256 
16 
LCC68/0FP80 
UART, 2 timers 
OM1092 + 
83C552PC(M) 
OM1092: 


83C562 
8k ROM 
256 
16 
TImer with 
OM1095 
Universal 
compare and 
probe 
capture,2 
PWM 
POD-C552B(N) 
OM1095: 
outputs, 8 8-bit 
UP9rade 
ADC inputs 
unit 


80C575 
0 
256 
16 
DIL40, LCC44 
3 timers 1 
83C575 
8k 
256 
16 
OFP44 
Enh. UART, 


87C575 
8k EPROM 
256 
16 
PCA, 4 analog 
comparators 


83C576 
8kROM 
256 
16 
DIL40, LCC44, 
10-bit AID, 


87C576 
8k EPROM 
256 
16 
SDIL42 
3 timers, PCA, 
Watchdog timer 


80C592 
0 
512 
16 
LCC68/0FP80 
8XC552 + CAN 
OM4110+ 
POD-592(N) 
OM4110: 
83C592 
16k ROM 
512 
16 
interface 
OM4112 
gen. probe 
87C592 
16k EPROM 
512 
16 
OM4112: 
probe head 
OM4120S: 
full speed 


87CE598 
32K ROM 
512 
16 
OFP80 
8xC552 + CAN 
87CE: 
OM4110+ 
OM4110: 
87CE598 
32K EPROM 
512 
16 
interface. 
prod: 02'94 
OM4114 
probe base 


80CE598 
0 
512 
16 
Nol2C 
OM4115 
OM4115: 
OFP 
adapter 


80C652 
0 
256 
16,24 
DIL40/LCC44 
UART, 2 timers 
OM1092 + 
83652PC(M) 
83C652 
8k ROM 
256 
16,24 
OFP44 
Byte 12C 
OM1096 
POD-C51 B(N) 


87C652 
8k EPROM 
256 
16,20 


83C654 
16k ROM 
256 
16,24 
DIL40/LCC44 
UART, 2 timers 
OM1092+ 
83654(M) 
OM1092: 


87C654 
16k EPROM 
256 
16,20 
OFP44 
Byte 12C 
OM1096 
Universal 
probe 
POD-C51B(N) 
OM1095: 
Upgrade 
unit 


83CE654 
16k ROM 
256 
16 
OFP44 
UART, 2 timers 
83C654with 
OM1092 + 
83654(M) 
OM1092: 
80CE654 
0 
256 
16 
Byte 12C 
ElectromagneticOM1096 
Universal 
Compatibility 
probe 
improvements 
POD-C51 B(N) 
OM1095: 
Upgrade 
unit 


83C750 
1KROM 
64 
40 
SDIP24 skinny 
1 timer 
OM1094 
Up to 
87C750 
1KEPROM 
64 
40 
16MHz 


83C751 
2kROM 
64 
16 
DIP24 skinny 
1 timer 
OM1094P 
83751PC(M) 


LCC28 
Bitl2C 
POD-C751(N) 


87C751 
2k EPROM 
64 
16 
DIP24 skinny 


83C752 
2kROM 
64 
16 
DIP28, LCC28 
1 timer, 
OM5072 
83752A(M) 
PWMoutput, 
58-bit ADC 
83C752 
2k EPROM 
64 
16 
DIP 28, LCC28 
inputs, Bit 12C 
POD-C752(N) 


80C851 
0 
128 
16 
DIL40/LCC44 
UART, 2 timers 
OM1092 
80851PC(M) 


83C851 
4kROM 
128 
16 
OFP44 
256 byte 
POD-C51(N) 


83C852 
6kROM 
256 
6 
2k byte 
OM4119 
EEPROM 
smart card 
hardware CU 


83C055 
16k ROM 
256 
12 
DIP42 Shrunk 
As 8XC053 
In dev. 
OM5054 
87C055 
16k EPROM 
256 
12 
DIP42 Shrunk 


• 
The follOWingmlcrocontollers have no external memory access: 8XC751 , 8XC752, 8XC053, 87C054, 83C852. 
M= Metlink 
N = Nohau 


TYPE 
ROM 
RAM 
SPEED 
PACKAGE 
FUNCTIONS 
REMARKS 
PROBE 
REMARKS 
(MHz) 
SDS 


85CLOOO 
0 
256 
12 
Piggyback 
Piggyback 
CL410, CL411, 
CL51, P80C51 


85CL580 
0 
256 
12 
Piggyback 
Piggyback 
CL580 


85CL781 
0 
256 
12 
Piggyback 
Piggyback 
CL781 , CL782, 


CL52 


80CL51 
4K 
128 
12 
DIL40 
2 timers, UART 
OM1079 
OFP: OM5020 
80CL31 
0 
128 
12 
VS040 


83CL410 
4k 
128 
12 
DIL40 
2 timers 
OM1079 
QFP: OM5020 
80CL410 
0 
128 
12 
VS040 
Byte 12C 


83CL580 
6k 
256 
16 
OFP641 
3timers, UART 
OM1079 + 
OM1079: Probe 


VS056 
Watchdo~ timer 
OM5004 
base 


Byte I C, 
OM5004: Probe 


1PWM 
adap 


4'8 bitADC 


83CL781 
16k 
256 
12@ 
DIL40 
3timers, UART 
OM1079 + 
OM1079: Probe 
83CL782 
16k 
256 
4.5V 
OFP44 
Byte 12C 
OM5004+ 
base 


12@ 
tbd 
OM5004: Probe 
3V 
adap 


83CL167 
16K 
256 
12 
SDIL64 
3timers 
In Dev 
OM4840 
83CL267 
12K 
256 
12 
OFP64 
1-14 bit PWM 
OM1079 
4-6 bit PWM 
4-7 bit PWM 
4'4 bitADC 
Byte 12C 
160 charOSD 
126 char fonts 
4 char si2es 
Shadow modes 
ODS PLL osc. 
10MHz 


Blinking 


83CL 168 
16K 
256 
12 
SDIL64 
3timers 
In Dev 
OM4840 + 
83CL268 
12K 
256 
12 
OFP64 
1-14 bit PWM 
OM1079 
4-6 bit PWM 
4-7 bitPWM 
4'4 bitADC 
RC 
preprocessor 
Byte 12C 
3 wire serial 1/0 
160 char OSD 
126 char fonts 
4 char sizes 
Shadow modes 
ODS PLL osc. 
10MHz 


Blinking 


TYPE 
ROM 
RAM 
SPEED 
PACKAGE 
FUNCTIONS 
REMARKS 
PROBE 
THIRD PARTY 
REMARKS 
(MHz) 
SDS 
EMULATOR 


8051 
4k 
128 
15 
DIL40/PLCC44 
UART, 2 timers 
OM1091 + 
8052PC(M) 


8031 
0 
128 
15 
DIL40/PLCC44 
OM1097 
OPD-C51B(N) 


8052 
8k 
256 
15 
DIL40/PLCC44 
UART, 3 timers 
OM4111 + 
8052PC(M) 
8032 
0 
256 
15 
DIL40/PLCC44 
UART, 3 timers 
OM4110 
OPD-C51B(N) 


TYPE 
ROM 
RAM 
SPEED 
PACKAGE 
FUNCTIONS 
REMARKS 
PROBE 
REMARKS 
(MHz) 
SDS 


84C21A 
2k 
64 
10 
DIL28/S028 
20110 lines 
OM1083 
OM1025 
84C41A 
4k 
128 
10 
DIL28/S028 
8-bittimer 
(LSDS) 
84C81A 
8k 
256 
10 
DIL28/S028 
Byte 12C 


84C22A 
2k 
64 
10 
DIL20/S020 
131/0 lines 
OM1083 + 
OM1025 
84C42A 
4k 
64 
10 
DIL20/S020 
8-bittimer 
Adapter_1 
(LSDS) 
84C12A 
1k 
64 
16 
DIL20/S020 
DIL20/S020 


84COOB 
0 
256 
10 
28 pins 
20110 lines 
Piggyback 
OM1080 
8-bittimer 
Byte 12C 
84COOT 
0 
256 
10 
VSO-56 
ROMless 
OM1080 


84C121 
1k 
64 
10 
DIL20/S020 
131/0 lines 
OM1073 
OM1025(LED8) 
2 8-bit timers 
8 bytes 


84C121B 
0 
64 
10 
EEPROM 
Piggyback 
OM1027 


84C122A 
1k 
32 
10 
A: S020 
Controller for 
OM4830 
84C122B 
B: 8024 
remote control 


84C422A 
4K 
32 
C: 8028 
A: 121/0 


84C422B 
B: 161/0 


84C822A 
8K 
32 
C: 20 I/O 


84C822B 
84C822C 


84C230 
21 
64 
10 
DIL40NS040 
121/0 lines 
OM1072 
8-bittimer 
16"4 LCD drive 


84C430 
4k 
128 
10 
QFP64 
241/0 lines 
OM1072 
8-bit timer 
Byte 12C 
24"4 LCD drive 


84C430BH 
0 
128 
10 
Piggyback for C230 
and C430 


84C633 
6k 
256 
16 
VS056 
281/0 lines 
OM1086 
8-bittimer 
16-bit upldown 
counter 
16-bittimer 
with compare 
and capture 


84C633B 
0 
256 
16 
16"4 LCD drive 


84C440 
4k 
128 
10 
DIP42 shrunk 
RC: 29 I/O lines 
12C, 
RC 
OM1074 
For emulation of 
84C441 
4k 
128 
10 
LC: 28 1/0 lines 
12C, 
LC 
LC versions, 
84C443 
4k 
128 
10 
8-bittimer 
RC 
use OM1074 + 


84C444 
4k 
128 
10 
114-bitPWM 
LC 
adapter_3 + 


84C640 
6k 
128 
10 
56-bit PWM 
12C, 
RC 
2 adapter_5 
84C641 
6k 
128 
10 
3-bitADC 
12C, 
LC 
84C643 
6k 
128 
10 
OSD 2L-16 
RC 


84C644 
6k 
128 
10 
LC 


84C840 
8k 
192 
10 
12C, 
RC 
84C841 
8k 
192 
10 
12C, 
LC 
84C843 
8k 
192 
10 
RC 
Baud for LCDS 


84C844 
8k 
192 
10 
LC 
OM4831 


TYPE 
ROM 
RAM 
SPEED 
PACKAGE 
FUNCTIONS 
REMARKS 
PROBE 
REMARKS 


(MHz) 
SDS 


84C646 
6k 
192 
10 
DIP42 shrunk 
30 I/O lines 
12C, 
RC 
OM4829 + 
OM4833 for 
84C846 
8k 
192 
10 
DOS clock = 
12C, 
RC 
OM4832 
LCD584 


PLL 
8 bit timer 
1-14 bit PWM 
4-6 bit PWM 
4-7 bit PWM 
3-4 bitADC 
DOS: 64 disp. 
RAM 
62 char. fonts 
Char. blinking 
Shadow modes 
8 foreground 


colors/char. 
8 background 


colors/word 
DOS: clock: 


8 .. 20MHz 


84C85 
8k 
256 
10 
DIL40NS040 
321/0 lines 
CM1070 
8-bittimer 
Byte 12C 


84C85B 
0 
256 
10 
Piggyback for C85 


84C853 
8k 
256 
16 
DIL40NS040 
331/0 lines 
OM1081 
8-bittimer 
16-bit up/down 
counter 
16-bit timer with 
compare and 
capture 


84C853B 
0 
256 
16 
Piggyback for C853 


84C270 
2k 
128 
10 
DIL40NS040 
8 I/O lines 
OM1077 
84C470 
4k 
128 
10 
DIL40NS040 
16"8 capture 
keyboard matrix 
8-bittimer 


84C270B 
0 
128 
10 
Piggyback for C270 


84C470B 
0 
128 
10 
470 also 
Piggyback for C470 
handles mech. 
keys 


84C271 
2k 
128 
10 
DIL40 
8 I/O lines 
OM1078 
16"8 mech. 
keyboard matrix 
8-biltimer 


TYPE 
ROM 
RAM 
SPEED 
PACKAGE 
FUNCTIONS 
REMARKS 
EMULATOR 
REMARKS 
(MHz) 
TOOLS 


8411 
1k 
64 
6 
DIL28/S028 
20 I/O lines 
OM1084 
OM1025 
8421 
2k 
64 
6 
DIL28/S028 
8-bittimer 
(LCDS) + 
8441 
4k 
128 
6 
DIL28/S028 
Byte 12C 


8461 
6k 
128 
6 
DIL28/S028 


OM1026 


8422 
2k 
64 
6 
DIL20 
131/0 
lines 
PM8327/20 + 
OnPMDS 
8442 
4k 
128 
6 
DIL20 
8-bittimer 
PM8447 
Bitl2C 


8401B 
0 
128 
6 
28-pin 
Piggyback for 84X1 


8401WP 
0 
128 
6 
PLCC68 
Bond out 


TYPE 
ROM 
RAM 
SPEED 
PACKAGE 
FUNCTIONS 
REMARKS 
PROBE 
REMARKS' 


(MHz) 
SDS 


3315A 
1.5k 
160 
10 
DIL28/S028 
20 I/O lines 
OM1083 
OM 1025(LCDS) 
8-bittimer 
Voo> 
1.8V 


3343 
3k 
224 
10 
DIL28/S028 
20 I/O lines 
OM1083 
OM1025(LCDS) 


8-bittimer 
Voo> 
1.8V 
Byte 12C 


3344A 
2k 
224 
3.58 
DIL28/S028 
20 I/O lines 
OM1071 
OM 1025(LCDS) 
8-bittimer 
+OM1028 


DTMF generator 


3346A 
4k 
128 
10 
DIL28/S028 
20 I/O lines 
OM1076 


8-bittimer 
Byte 12C 
256 bytes EEPROM 
Voo < 1.8V 


3347 
1.5k 
64 
3.58 
DIL20/S020 
121/0 lines 
OM1071 + 
OM 1025(LCDS) 


8-bittimer 
Adapter_2 
+ OM1028 
DTMF generator 


3348A 
8k 
256 
10 
DIL28/S028 
20 I/O lines 
OM1083 
OM 1025(LCDS) 


8-bittimer 
Byte 12C 
Voo < 1.8V 


3349A 
4k 
224 
3.58 
DIL28/S028 
20 I/O lines 
OM1071 
OM 1025(LCDS) 
8-bittimer 
+ OM1028 


DTMF generator 


3350A 
8k 
128 
3.58 
VS064 
30 I/O lines 
8-bittimer 
DTMF generator 
256 bytes EEPROM 


3351A 
2k 
64 
3.58 
DIL28/S028 
20 I/O lines 
OM5000 


8-bittimer 
DTMF generator 
128 bytes EEPROM 


3352A 
6k 
128 
3.58 
DIL28/S028 
20 I/O lines 
OM5000 


8-bittimer 
DTMF generator 
128 byte EEPROM 


3353A 
6k 
128 
16 
DIL28/S028 
20 I/O iines 
March '92 
OM5000 


8-bittimer 
DTMF generator 
Ringer out 
128 bytes EEPROM 


3354A 
8k 
256 
16 
QFP64 
361/0 lines 
June '92 
OM4829 + 
OM4829: Probe 
8-bittimer 
OM5003 
base 


DTMF generator 
Ringer out 
256 bytes EEPROM 


8755A 
0 
128 
16 
DIL28/S028 
8kOTP 
In Development 
20 I/O lines 
8-bittimer 
DTMF generator 
Melody output 
128 bytes EEPROM 


3301B 
Piggyback for 3315, 
OM1083 


3343,3348 


3344B 
Piggyback for 3344, 
OM1071 


3347,3349 


3346B 
Piggyback for 3346 
OM1076 


TYPE 
ROM 
RAM 
SPEED 
PACKAGE 
FUNCTIONS 
REMARKS 
PROBE 
REMARKS 
(MHz) 
SDS 


3350B 
Piggyback for 3350A 
OM4829+ 
OM5003 


3351B 
Piggyback for 
OM5000 
3351A. 3352A. 
3353A 


3354B 
Piggyback for 3354A 
OM4829+ 
OM5010 


TYPE 
(EP)ROM 
RAM 
SPEED 
FUNCTIONS 
REMARKS 
DEVELOPMENT 
TOOLS 


(MHz) 


68070 
- 
- 
17.5 
2 DMA channels, MMU, UART, 
OM4160 Microcore 


16-bit timer, 12C, 68000 bus 
OM4161 (SBE68070) 


interface, 16Mb address range 
TRACE32-ICE68070 
(Lauterbach) 
OM4222 90C Development 
system (planned) 


93C101 
34k 
512 
15 
Derivative with low power modes 
Not for new 
design 


90C100 
- 
512 
15 
UART, 12C, 3 16-bit timers, 
Not for new 
OM4160/3 Microcore 3 
93C100 
34k 
512 
15 
80C51 interface, 68000 interface, 
design 
OM4220 90C Development system 


97C100 
32k 
512 
15 
40 1/0 lines, 2Mb address range 
TRACE32 - (Lauterbach) 
(EPROM) 


90CE201 
16MB 
16MB 
24 
UART, fastl2C, 3 timers (16 bit), 
-25 to 
TRACE32 - (Lauterbach) 
external 
external 
Watchdog timer. 68000 software 
+85°C 
ROM 
RAM 
compatible, EMC, QFP64 


MICROCONTROLLER 
PRODUCTS 


Example: 
P 8 X C lLX~ 
E B 


O=ROMLESS~ 
3= ROM 
7 = EPROM/OTP 


Exceptions: 


P80C32 = ROMless 
P80C52= 
ROM 


PhilipS North America Package Code 
A = Plastic Leaded Chip Carrier (PLCC) 
B = Quad Flat Pack (QFP) 
FA = Hermetic Cerdip (window) 
KA = CerQuad (window) 
N = Plastic Dual In-Line 


Philips Package Code 
A = Plastic Leaded Chip Carrier (PLCC) 
. B = Quad Flat Pack (QFP) 


F = Hermetic Cerdip (window) 
L = Cerquad (window) 
P = Plastic Dual In-Line 


'-- 
Temperature 


B = O°Cto +70°C 
F = -40°C to +85°C 
H =-40°C 
to +125°C 


P N[ 


Speed --------------' 


C = 12MHz 
E = 3.5MHz to 16MHz 
F = 1.2MHz to 16MHz 
G = 20MHz 
H = 32kHz to 12MHz 
1= 24MHz 
P= 40MHz 


Example: 
PSD3XX 
- J 2 


",. 
eo" "m"" 
] 
- J 


- = 5V Standard Operation 
L = 3V Low Voilage Operation L' 
, 
Package Code 
A = Plastic Leaded Chip Carrier (PLCC) 
B = Plastic Quad Flat Pack (QFP) 
KA = Ceramic Leaded Chip Carrier (CLCC) 


Operallng Temperature Range 
Blank = Commercial: O°Cto +70°C 
I 
= Industrial: -40°C to +85°C 


'--- 
Access Time 
X10ns 


Window 
No' 
No" 
Yes" 


SC 8 X C XX X B 


T 
CCt! 
0= ROMLESS 
3= ROM 
7 = EPROM/OTP 


Exceptions: 
SC80C31 = ROMless 
SC80C51 = ROM 


Package Code 


A 
= Plastic Leaded Chip Carrier (PLCC) 


B 
= Quad Flat Pack (QFP) 


F 
= Ceramic Duai In-Line 
FA = Hermetic Cerdip (window) 
KA= 
CerQuad (window) 


L 
= Chip Carrier, Leaded 
N = Plastic Dual In-Line 


Speed 


B = 0.5 to 12MHz 
C = 12MHz 
G = 16MHz 
L= 20MHz 
P = 24MHz 
Y = 33MHz 


Temperature 
C = Commercial O°Cto +70°C 
A = Industrial -40°C to +85°C 


Revision (optional) 


-1 N 241L 
PinCount 


Package Code 
A 
= Plastic Leaded Chip Carrier (PLCC) 


8 
= Quad Flat Pack (QFP) 
F 
= Ceramic Dual In-Line 
K 
= CerQuad 
N = Plastic Dual In-Line 


L-____ 
Speed / Temperature Range 
-1 = 12MHz, O'C to +70'C 
-2 = 12MHz, -40'C to +85'C 
-3 = 0.5 to 12MHz, O'C to +70'C 
-4 = 16MHz, O'C to +70'C 
-5 = 16MHz, -40'C to +85'C 
-6 = 12 or 16MHz, -55'C to +125'C 
-7 = 20MHz, O'C to +70'C 
-8 = 20MHz, -40'C to +85'C 
-A = 24MHz, O'C to +70'C 
-8 = 24MHz, -40'C to +85'C 


80C51-Based 
8-Bit Microcontrollers 


Section 2 
80C51 Technical Description 


BOC51architecture 
. 


BOC51hardware description 


BOC51programmer's guide and instruction set 


MEMORY ORGANIZATION 
All 80C51 devices have separate address 
spaces for program and data memory, as 
shown in Figures 1 and 2. The logical 
separation of program and data memory 
allows the data memory to be accessed by 
8-bit addresses, which can be quickly stored 
and manipulated by an 8-bit CPU. 
Nevertheless, 16-bit data memory addresses 
can also be generated through the DPTR 
register. 


Program memory (ROM, EPROM) can only 
be read, not written to. There can be up to 
64k bytes of program memory. In the 80C51, 
the lowest 4k bytes of program are on-chip. 
In the ROMless versions, all program 
memory is external. The read strobe for 
external program memory is the J5'SEN 
(program store enable). 


Data Memory (RAM) occupies a separate 
address space from Program Memory. In the 
80C51 , the lowest 128 bytes of data memory 
are on-chip. Up to 64k bytes of external RAM 
can be addressed in the external Data 
Memory space. In the ROMless version, the 
lowest 128 bytes are on-chip. The CPU 
generates read and write signals, flU and 
WR, as needed during external Data Memory 
accesses. 


External Program Memory and external Data 
Memory may be combined if desired by 
applying the RD and PSEN signals to the 
inputs of an AND gate and using the output of 


the gate as the read strobe to the external 
Program/Data memory. 


Program 
Memory 
Figure 3 shows a map of the lower part of the 
Program Memory. After reset, the CPU 
begins execution from location OOOOH.As 
shown in Figure 3, each interrupt is assigned 
a fixed location in Program Memory. The 
interrupt causes the CPU to jump to that 
location, where it commences execution of 
the service routine. External Interrupt 0, for 
example, is assigned to location 0003H. If 
External Interrupt 0 is going to be used, its 
service routine must begin at location 0003H. 
If the interrupt is not going to be used, its 
service location is available as general 
purpose Program Memory. 


The interrupt service locations are spaced at 
8-byte intervals: 0003H for External Interrupt 
0, OOOBHfor Timer 0, 0013H for External 
Interrupt 1, 001BH for Timer 1, etc. If an 
interrupt service routine is short enough (as 
is often the case in control applications), it 
can reside entirely within that 8-byte interval. 
longer service routines can use a jump 
instruction to Skip over subsequent interrupt 
locations, if other interrupts are in use. 


The lowest 4k bytes of Program Memory can 
either be in the on-chip ROM or in an external 
ROM. This selection is made by strapping the 
EA (External Access) pin to either Vcc, or 
Vss. In the 80C51, if the EA pin is strapped 
to Vcc, then the program fetches to 
addresses OOOOHthrough OFFFH are 
directed to the internal ROM. Program 


PO 
P2 
'--v---' 


AddressIDeta 


fetches to addresses 1OOOHthrough FFFFH 
are directed to external ROM. 


If the EA pin is strapped to Vss, then all 
program fetches are directed to external 
ROM. The ROMless parts (8031, 80C31, 
etc.) must have this pin externally strapped to 
Vss to enable them to execute from external 
Program Memory. 


The read strobe to external ROM, J5'SEN, is 
used for all external program fetches. J5'SEN 
is not activated for internal program fetches. 


The hardware configuration for external 
program execution is shown in Figure 4. Note 
that 16 I/O lines (Ports 0 and 2) are dedicated 
to bus functions during external Program 
Memory fetches. Port 0 (POin Figure 4) 
serves as a multiplexed address/data bus. It 
emits the low byte of the Program Counter 
(PCl) as an address, and then goes into a 
float state awaiting the arrival of the code 
byte from the Program Memory. During the 
time that the low byte of the Program Counter 
is valid on Port 0, the signal ALE (Address 
latch 
Enable) clocks this byte into an 


address latch. Meanwhile, Port 2 (P2 in 
Figure 4) emits the high byte of the Program 
Counter (PCH). Then F'SEJ\l strobes the 
EPROM and the code byte is read into the 
microcontroller. 


Program Memory addresses are always 16 
bits wide, even though the actual amount of 
Program Memory used may be less than 64k 
bytes. External program execution sacrifices 
two of the 8-bit ports, POand P2, to the 
function of addressing the Program Memory. 


Program 
Memory 
(Read 
Only) 


r-----···-----------------~ 


FFFFH: 


Data Memory 
(ReadfWrlte) 
r--------------------------- 


FFFFH: 


BOC51 
0023H 


PO 
001BH 
_ 


0013H 1 


8 Bytes 
U 


0008H 
ALE 


0003H 
P2 


!'SEll 


OOOOH 


}_. 


Data Memory 
The right half of Figure 2 shows the internal 
and external Data Memory spaces available 
to the 80C51 user. Figure 5 shows a 
hardware configuration for accessing up to 2k 
bytes of external RAM. The CPU in this case 
is executing from internal ROM. Port 0 serves 
as a multiplexed address/data bus to the 
RAM, and 3 lines of Port 2 are being used to 
page the RAM. The CPU generates "AU and 
WR signals as needed during external RAM 


accesses. There can be up to 64k bytes of 
external Data Memory. External Data 
Memory addresses can be either 1 or 2 bytes 
wide. One-byte addresses are often used in 
conjunction with one or more other I/O lines 
to page the RAM, as shown in Figure 5. 


Two-byte addresses can also be used, in 
which case the high address byte is emitted 
at Port 2. 


Internal Data Memory is mapped in Figure 6. 
The memory space is shown divided into 
three blocks, which are generally referred to 
as the Lower 128, the Upper 128, and SFR 
space. 


Internal Data Memory addresses are always 
one byte Wide, which implies an address 
space of only 256 bytes. However, the 
addressing modes for internal RAM can in 


fact accommodate 384 bytes, using a simple 
trick. Direct addresses higher than 7FH 
access one memory space, and indirect 
addresses higher than 7FHO access a 
different memory space. Thus Figure 6 
shows the Upper 128 and SFR space 
occupying the same block of addresses, 80H 
through FFH, although they are physically 
separate entities. 


The Lower 128 bytes of RAM are present in 
all 80C51 devices as mapped in Figure 7. 
The lowest 32 bytes are grouped into 4 banks 
of 8 registers. Program instructions call out 


these registers as ROthrough R7. Two bits in 
the Program Status Word (PSW) select which 
register bank is in use. This allows more 
efficient use of code space, since register 
instructions are shorter than instructions that 
use direct addressing. 


The next 16 bytes above the register banks 
form a block of bit-addressable memory 
space. The 80C51 instruction set includes a 
wide selection of single-bit instructions, and 
the 128 bits in this area can be directly 
addressed by these instructions. The bit 
addresses in this area are OOHthrough 7FH. 


All of the bytes in the Lower 128 can be 
accessed by either direct or indirect 
addressing. The Upper 128 (Figure 8) can 
only be accessed by indirect addressing. 


Figure 9 gives a brief look at the Special 
Function Register (SFR) space. SFRs 
include the Port latches, timers, peripheral 
controls, etc. These registers can only be 
accessed by direct addressing. Sixteen 
addresses in SFR space are both byte- and 
bit-addressable. The bit-addressable SFRs 
are those whose address ends in OH or 8H. 


Data 
FFH ,-------- 
FFH 


Accessible 
Accessible 


Upper 
by Indirect 
by 
Direct 


RAM 
128 
Addressing 
Addressing 
Ell: 
Only 
80C51 
with 
80H , 
80H 


Internal 
Latch 


} ,"00 


ROM 
7FH 
Accessible 
ALE 
Lower 
by 
DIrect 
r~ 


128 
and Indirect 
Status 
and 


Addressing 
Special 
Control 
Bits, 
Timer. 


Function 
Registers, 
Registers 
Stack 
Pointer, 


\ 


Accumulator 


VO 
(Etc.) 


Page 
WE 
or 
Bits 


Figure 5. 
Accessing 
External 
Dilta Memory 


If the Program 
Memory Is Internal, 
the Other Bits of P2 Are Available 
as VO 


Bank 
Select 
BIts in 
PSW 


7FH 


2FH } 


Bit-Ad 
(BII Ad 


20H 


lFH 


18H 


17H 


10H 
4 Bank 
8 Regl 
OFH 
RG-R7 


08H 


07H 
- 


0 


-.11{ 


10 


1 


01 


00 


PSW7~ 
Carry flag receives 
carry out 
from 
btt 7 of ALU operands 


PSW6 


Auxiliary 
carry flag receives 
carry out from 


bit 3 of addition 
operands. 


ACC 


Port 3 


Port 
2 


Port 
1 


PortO 


Port Pins 
Accumulator 
PSW 
(Etc.) 


pswo 


Parity 
of accumulator 
set 


by hardware 
to 1 If It contains 


an odd number 
of 1s; otherwise 
It Is reset to O. 


PSW2 


Overflow 
flag set by 


arithmetic 
operations 


80C51 FAMILY INSTRUCTION 
SET 


The 80C51 instruction set is optimized for 
8-bit control applications. It provides a variety 
of fast addressing modes for accessing the 
internal RAM to facilitate byte operations on 
small data structures. The instruction set 
provides extensive support for one-bit 
variables as a separate data type, allowing 
direct bit manipulation in control and logic 
systems that require Boolean processing. 


Program Status Word 
The Program Status Word (PSW) contains 
several status bits that reflect the current 


Addresses 
that end In OH or 
8H are also 
blt·addressable. 


state of the CPU. The PSW, shown in 
Figure 10, resides in the SFR space. It 
contains the Carry bit, the Auxiliary Carry (for 
BCD operations), the two register bank select 
bits, the Overflow flag, a Parity bit, and two 
user-definable status flags. 


The Carry bit, other than serving the function 
of a Carry bit in arithmetic operations, also 
serves as the "Accumulator" for a number of 
Boolean operations. 


The bits RSOand RS1 are used to select one 
of the four register banks shown in Figure 7. 


A number of instructions refer to these RAM 
locations as ROthrough R7. The selection of 
which of the four is being referred to is made 
on the basis of the RSO and RS1 at execution 
time. 


The Parity bit reflects the number of 1s in the 
Accumulator: P = 1 if the Accumulator 
contains an odd number of 1s, and P = 0 if 
the Accumulator contains an even number of 
1s. Thus the number of 1s in the Accumulator 
plus P is always even. Two bits in the PSW 
are uncommitted and may be used as 
general purpose status flags. 


Addressing 
Modes 
The addressing modes in the BOC51 
instruction set are as follows: 


Direct Addressing 
In direct addressing the operand is specified 
by an B-bit address field in the instruction. 
Only internal Data RAM and SFRs can be 
directly addressed. 


Indirect 
Addressing 
In indirect addressing the instruction specifies 
a register which contains the address of the 
operand. Both internal and external RAM can 
be indirectly addressed. 


The address register for B-bit addresses can 
be ROor R1 of the selected bank, or the 
Stack Pointer. The address register for 16-bit 
addresses can only be the 16-bit "data 
pointer" register, DPTR. 


Register Instructions 
The register banks, containing registers RO 
through R7, can be accessed by certain 
instructions which carry a 3-bit register 
specification within the opcode of the 
instruction. Instructions that access the 
registers this way are code efficient, since 
this mode eliminates an address byte. When 
the instruction is executed, one of the eight 
registers in the selected bank is accessed. 
One of four banks is selected at execution 
time by the two bank select bits in the PSW. 


Register-Specific 
Instructions 


Some instructions are specific to a certain 
register. For example, some instructions 
always operate on the Accumulator, or Data 
Pointer, etc., so no address byte is needed to 
point to it. The opcode itself does that. 
Instructions that refer to the Accumulator as 
A assemble as accumulator specific 
opcodes. 


Immediate 
Constants 
The value of a constant can follow the 
opcode in Program Memory. For example, 


MOV 
A, #100 


loads the Accumulator with the decimal 
number 100. The same number could be 
specified in hex digits as 64H. 


Indexed Addressing 
Only program Memory can be accessed with 
indexed addressing, and it can only be read. 
This addressing mode is intended for reading 
look-up tables in Program Memory A 16-bit 
base register (either DPTR or the Program 
Counter) points to the base of the table, and 
the Accumulator is set up with the table entry 
number. 


The address of the table entry in Program 
Memory is formed by adding the Accumulator 
data to the base pointer. 


Another type of indexed addressing is used in 
the "case jump" instruction. In this case the 
destination address of a jump instruction is 
computed as the sum of the base pointer and 
the Accumulator data. 


Arithmetic 
Instructions 


The menu of arithmetic instructions is listed in 
Table 1. The table indicates the addressing 
modes that can be used with each instruction 
to access the <byte> operand. For example, 
the ADD A,<byte> instruction can be written 
as: 


ADD 
a, 7FH (direct addressing) 
ADD 
A, @RO(indirect addressing) 


ADD 
a, R7 (register addressing) 
ADD 
A, #127 (immediate constant) 


The execution times listed in Table 1 assume 
a 12MHz clock frequency. All of the arithmetic 


instructions execute in 1fls except the INC 
DPTR instruction, which takes 2fls, and the 
Multiply and Divide instructions, which take 
4flS. 


Note that any byte in the intemal Data 
Memory space can be incremented without 
going through the Accumulator. 


One of the INC instructions operates on the 
16-bit Data Pointer. The Data Pointer is used 
to generate 16-bit addresses for external 
memory, so being able to increment it in one 
16-bit operation is a useful feature. 


The MUL AB instruction multiplies the 
Accumulator by the data In the B register and 
puts the 16-bit product into the concatenated 
B and Accumulator registers. 


The DIV AB instruction divides the 
Accumulator by the data in the B register and 
leaves the B-bit quotient in the Accumulator, 
and the B-bit remainder in the B register. 


Oddly enough, DIV AB finds less use in 
arithmetic "divide" routines than in radix 
conversions and programmable shift 
operations. An example of the use of DIV AB 
in a radix conversion will be given later. In 
shift operations, dividing a number by 2n 
shifts its n bits to the right. Using DIV AB to 
perform the division completes the shift in 
4flS and leaves the B register holding the bits 
that were shifted out. The DA A instruction is 
for BCD arithmetic operations. In BCD 
arithmetic, ADD and ADDC instructions 
should always be followed by a DA A 
operation, to ensure that the result is also in 
BCD. Note that DA A will not convert a binary 
number to BCD. The DA A operation 
produces a meaningful result only as the 
second step in the addition of two BCD bytes. 


MNEMONIC 
OPERATION 
ADDRESSING MODES 
EXECUTION 


DIR 
IND 
REG 
IMM 
TIME (flS) 


ADD A,<byte> 
A - A + <byte> 
X 
X 
X 
X 
1 


ADDC A,<byte> 
A - A + <byte> + C 
X 
X 
X 
X 
1 


SUBB A,<byte> 
A-A-<byte>-C 
X 
X 
X 
X 
1 


INCA 
A-A+ 
1 
Accumulator only 
1 


INC <byte> 
<byte> = <byte> + 1 
X 
X 
X 
1 


INC DPTR 
DPTR - DPTR + 1 
Data Pointer only 
2 


DECA 
A-A 
1 
Accumulator only 
1 


DEC <byte> 
<byte> - <byte> - 1 
X 
X 
X 
1 


MULAB 
B:A - Bx A 
ACC and B only 
4 


DIVAB 
A -lnt[AlB] 
ACC and B only 
4 
B= Mod[AIB] 


DAA 
Decimal Adjust 
Accumulator only 
1 


Logical Instructions 
Table 2 shows the list of 80C51 logical 
instructions. The instructions that perform 
Boolean operations (AND, OR, Exclusive 
OR, NOT) on 
bytes perform the operation 
on a bit-by-bit basis. That is, if the 
Accumulator contains 00110101 B and byte 
contains 01010011 B, then: 


ANL 
A, <byte> 


will leave the Accumulator holding 
00010001B. 


The addressing modes that can be used to 
access the <byte> operand are listed in 
Table 2. 


The ANL A, <byte> instruction may take any 
of the forms: 


ANL 
A,7FH (direct addressing) 
ANL 
A,@R1 (indirect addressing) 
ANL 
A,R6 (register addressing) 
ANL 
A,#53H (immediate constant) 


All of the logical instructions that are 
Accumulator-specific 
execute in 1~s (using a 
12MHz clock). The others take 2~s. 


Note that Boolean operations can be 
performed on any byte in the internal Data 
Memory space without going through the 
Accumulator. The XRL <byte>, #data 
instruction, for example, offers a quick and 
easy way to invert port bits, as in XRL P1, 
#OFFH. 


If the operation is in response to an interrupt, 
not using the Accumulator saves the time and 
effort to push it onto the stack in the service 
routine. 


The Rotate instructions (RL, A, RLC A, etc.) 
shift the Accumulator 1 bit to the left or right. 
For a left rotation, the MSB rolls into the LSB 
position. For a right rotation, the LSB rolls 
into the MSB position. 


The SWAP A instruction interchanges the 
high and low nibbles within the Accumulator. 
This is a useful operation in BCD 
manipulations. For example, if the 
Accumulator contains a binary number which 
is known to be less than 1DO,it can be 
quickly converted to BCD by the following 
code: 


MOVE 
B,#10 


DiV 
AB 


SWAP 
A 


ADD 
A,B 


Dividing the number by 10 leaves the tens 
digit in the low nibble of the Accumulator, and 
the ones digit in the B register. The SWAP 
and ADD instructions move the tens digit to 
the high nibble of the Accumulator, and the 
ones digit to the low nibble. 


Internal RAM 
Table 3 shows the menu of instructions that 
are available for moving data around within 


the internal memory spaces, and the 
addressing modes that can be used with 
each one. With a 12MHz clock, all of these 
instructions execute in either 1 or 2~s. 


The MOV <dest>, <src> instruction allows 
data to be transferred between any two 
internal RAM or SFR locations without going 
through the Accumulator. Remember, the 
Upper 128 bytes of data RAM can be 
accessed only by indirect addressing, and 
SFR space only by direct addressing. 


Note that in 80C51 devices, the stack resides 
in on-chip RAM, and grows upwards. The 
PUSH instruction first increments the Stack 
Pointer (SP), then copies the byte into the 
stack. PUSH and POP use only direct 
addressing to identify the byte being saved or 
restored, but the stack itself is accessed by 
indirect addressing using the SP register. 
This means the stack can go into the Upper 
128 bytes of RAM, if they are implemented, 
but not into SFR space. 


The Upper 128 bytes of RAM are not 
implemented in the 80C51 nor in its ROMless 
or EPROM counterparts. With these devices, 
if the SP points to the Upper 128, PUSHed 
bytes are lost, and POPed bytes are 
indeterminate. 


The Data Transfer instructions include a 
16-bit MOV that can be used to initialize the 
Data Pointer (DPTR) for look-up tables in 
Program Memory, or for 16-bit ex1ernal Data 
Memory accesses. 


MNEMONIC 
OPERATION 
ADDRESSING MODES 
EXECUTION 


DIR 
IND 
REG 
IMM 
TIME (~s) 


ANL A,<byte> 
A = A.AND. <byte> 
X 
X 
X 
X 
1 


ANL <byte>,A 
<byte> = <byte> .AND.A 
X 
1 


ANL <byte>,#data 
<byte> = <byte> .AND.#data 
X 
2 


ORL A,<byte> 
A = A.OR.<byte> 
X 
X 
X 
X 
1 


ORL <byte>,A 
<byte> = <byte> .OR.A 
X 
1 


ORL <byte>,#data 
<byte> = <byte> .OR.#data 
X 
2 


XRL A,<byte> 
A = A.XOR. <byte> 
X 
X 
X 
X 
1 


XRL <byte>,A 
<byte> = <byte> .XOR.A 
X 
1 


XRL <byte>,#data 
<byte> = <byte> .XOR.#data 
X 
2 


CRLA 
A= DOH 
Accumulator only 
1 


CPLA 
A= .NOT.A 
Accumulator only 
1 


RLA 
Rotate ACC Left 1 bit 
Accumulator only 
1 


RLCA 
Rotate Left through Carry 
Accumulator only 
1 


RRA 
Rotate ACC Right 1 bit 
Accumulator only 
1 


RRCA 
Rotate Right through Carry 
Accumulator only 
1 


SWAP A 
Swap Nibbles in A 
Accumulator only 
1 


MNEMONIC 
OPERATION 
ADDRESSING MODES 
EXECUTION 


DIR 
IND 
REG 
IMM 
TIME (lJ.s) 


MOV A,<src> 
A = <src> 
X 
X 
X 
X 
1 


MOV <des!>,A 
<des!> = A 
X 
X 
X 
1 


MOV <des!>,<src> 
<des!> = <src> 
X 
X 
X 
X 
2 


MOV DPTR,#data16 
DPTR = 16-bit immediate constant 
X 
2 


PUSH <src> 
INC SP:MOV"@SP",<src> 
X 
2 


POP <des!> 
MOV <desl>,"@SP":DEC SP 
X 
2 


XCH A,<byte> 
ACC and <byte> exchange data 
X 
X 
X 
1 


XCHD A,@Ri 
ACC and @Ri exchange low nibbles 
X 
1 


The XCH A, <byte> instruction causes the 
Accumulator and addressed byte to 
exchange data. The XCHD A, @Ri 
instruction is similar, but only the low nibbles 
are involved in the exchange. 


To see how XCH and XCHD can be used to 
facilitate data manipulations, consider first the 
problem of shifting an a-digit BCD number 
two digits to the right. Figure 11 shows how 
this can be done using direct MOVs, and for 
comparison how it can be done using XCH 
instructions. To aid in understanding how the 
code works, the contents of the registers that 
are holding the BCD number and the content 
of the Accumulator are shown alongside each 
instruction to indicate their status after the 
instruction has been executed. 


After the routine has been executed, the 
Accumulator contains the two digits that were 
shifted out on the right. Doing the routine with 
direct MOVs uses 14 code bytes and 9IJ.sof 
execution time (assuming a 12MHz clock). 
The same operation with XCHs uses only 9 
bytes and executes almost twice as fast. 


To right-shift by an odd number of digits, a 
one-digit shift must be executed. 


Figure 12 shows a sample of code that will 
right-shift a BCD number one digit, using the 
XCHD instruction. Again, the contents of the 
registers holding the number and of the 
Accumulator are shown alongside each 
instruction. 


First, pointers R1 and ROare set up to point 
to the two bytes containing the last four BCD 
digits. Then a loop is executed which leaves 
the last byte, location 2EH, holding the last 
two digits of the shifted number. The pointers 
are decremented, and the loop is repeated 
for location 2DH. The CJNE instruction 
(Compare and Jump if Not Equal) is a loop 
control that will be described later. The loop 
executed from LOOP to CJNE for R1 = 2EH, 
2DH, 2CH, and 2BH. At that point the digit 
that was originally shifted out on the right has 
propagated to location 2AH. Since that 
location should be left with Os,the lost digit is 
moved to the Accumulator. 


MOV 
A,2EH 
MOV 
2EH,2DH 
MOV 
20H,2CH 
MOV 
2CH.2BH 


MOV 
28H,#O 


A. Using 
direct 
MOVs: 
14 bytes, 
9 ~8 


2A 
2B 
2C 
2D 
2E 
ACC 


00 
12 
3. 
56 
78 
78 
00 
12 
3' 
56 
56 
78 


00 
12 
3' 
3. 
56 
78 


00 
12 
12 
34 
56 
78 


00 
00 
12 
34 
56 
78 


External RAM 
Table 4 shows a list of the Data Transfer 
instructions that access external Data 
Memory. Only indirect addressing can be 
used. The choice is whether to use a 
one-byte address, @Ri, where Ri can be 
either ROor R1 of the selected register bank, 
or a two-byte address, @DPTR. The 
disadvantage to using 16-bit addresses if 
only a few k bytes of external RAM are 
involved is that 16-bit addresses use all a bits 
of Port 2 as address bus. On the other hand, 
a-bit addresses allow one to address a few 
bytes of RAM, as shown in Figure 5, without 
having to sacrifice all of Port 2. All of these 
instructions execute in 2 IJ.s,with a 12MHz 
clock. 


Note that in all ex/ernal Data RAM accesses, 
the Accumulator is always either the 
destination or source of the data. 


The read and write strobes to external RAM 
are activated only during the execution of a 
MOVX instruction. Normally these signals are 
inactive, and in fact if they're not going to be 
used at all, their pins are available as extra 
110lines. 


ACC 


MOV 
R1,#2EH 
xx 


MOV 
RO,H2DH 
xx 


loop for R1 = 2EH: 


LOOP: 
MOV 
A,@R1 
00 
12 
3' 
56 
78 
78 
XCHD 
A,@RO 
00 
12 
3. 
58 
78 
76 


SWAP 
A 
00 
12 
3' 
58 
78 
67 


MOV 
@A1,A 
00 
12 
3' 
58 
67 
67 


OEC 
A1 
00 
12 
3' 
58 
67 
67 


OEC 
AO 
00 
12 
3' 
58 
67 
67 


CJNE 
Rl,#2AH,lOOP 


loop for R1 = 2DH: 
00 
12 
38 
'5 


I 


67 


I 


.5 


loop for A1 = 2CH: 
00 
18 
23 
'5 
67 
23 


08 
01 
23 
.5 
67 
01 


loop for R1 = 2BH: 


CLA 
A 
08 
01 
23 
'5 I 


67 I 


00 


XCH 
A,2AH 
00 
01 
23 
'5 
67 
08 


Figure 12. 
Shifting 
a BCD Number One Digit to the Right 


CLA 
A 


XCH 
A.2BH 


XCH 
A.2CH 


XCH 
A,2DH 


XCH 
A2EH 


2A 
2B 
2C 
2D 
2E 
ACC 


00 
12 
3. 
56 
78 
00 


00 
00 
3. 
56 
78 
12 


00 
00 
12 
56 
78 
3' 
00 
00 
12 
34 
78 
56 


00 
00 
12 
34 
56 
78 


ADDRESS 
MNEMONIC 
OPERATION 
EXECUTION 
WIDTH 
TIME(~s) 


8 bits 
MOVXA,@Ri 
Read external RAM @Ri 
2 


8 bits 
MOVX@Ri,A 
,. 
Write external RAM @ Ri 
2 


16 bits 
MOVX A,@DPTR 
Read external RAM @ DPTR 
2 


16 bits 
MOVX @DPTR,A . 
Write external RAM @ DPTR 
2 


Lookup Tables 
Table 5 shows the two instructions that are 
available for reading lookup tables in 
Program Memory. Since these instructions 
access only Program Memory, the lookup 
tables can only be read, not updated. 


If the table access is to external Program 
Memory, then the read strobe is J5SEil. 


The mnemonic is MOVC for "move constant." 
The first MOVC instruction in Table 5 can 
accommodate a table of up to 256 entries 
numbered 0 through 255. The number of the 
desired entry is loaded into the Accumulator, 
and the Data Pointer is set up to point to the 
beginning of the table. Then: 


MOVC 
A,@A+DPTR 


copies the desired tabie entry into the 
Accumulator. 


The other MOVC instruction works the same 
way, except the Program Counter (PC) is 
used as the table base, and the table is 
accessed through a subroutine. First the 
number of the desired entry is loaded into the 
Accumulator, and the subroutine is called: 


MOV 
A,ENTRY NUMBER 


CALL 
TABLE 


The table itself immediately follows the RET 
(return) instruction in Program Memory. This 
type of table can have up to 255 entries, 
numbered 1 through 255. Number 0 cannot 
be used, because at the time the MOVC 
instruction is executed, the PC contains the 
address of the RET instruction. An entry 
numbered 0 would be the RET opcode itself. 


Boolean Instructions 
80C51 devices contain a complete Boolean 
(single-bit) processor. The internal RAM 


contains 128 addressable bits, and the SFR 
space can support up to 128 addressable bits 
as well. All of the port lines are 
bit-addressable, and each one can be treated 
as a separate single-bit port. The instructions 
that access these bits are not just conditional 
branches, but a complete menu of move, set, 
clear, complement, OR, and AND 
instructions. These kinds of bit operations are 
not easily obtained in other architectures with 
any amount of byte-oriented software. 


The instruction set for the Boolean processor 
is shown in Table 6. All bit accesses are by 
direct addressing. 


Bit addresses OOHthrough 7FH are in the 
Lower 128, and bit addresses 80H through 
FFH are in SFR space. 


Note how easily an internal flag can be 
moved to a port pin: 


MOV 
C,FLAG 


MOV 
P1.0,C 


In this example, FLAG is the name of any 
addressable bit in the Lower 128 or SFR 
space. An 1/0 line (the LSB of Port 1, in this 
case) is set or cleared depending on whether 
the flag bit is 1 or O. 


The Carry bit in the PSW is used as the 
single-bit Accumulator of the Boolean 
processor. Bit instructions that refer to the 
Carry bit as C assemble as Carry-specific 
instructions (CLR C, etc.). The Carry bit also 
has a direct address, since it resides in the 
PSW register, which is bit-addressable. 


Note that the Boolean instruction set includes 
ANL and ORL operations, but not the XRL 
(Exclusive OR) operation. An XRL operation 
is simple to implement in software. Suppose, 
for example, it is required to form the 
Exclusive OR of two bits: 


MOV 
JNB 
CPL 
OVER: (continue) 


First, bit1 is moved to the Carry. If bit2 = 0, 
then C now contains the correct result. That 
is, bit1 .XRL bit2 = bit1 if bi12= O.On the 
other hand, if bit2 = 1, C now contains the 
complement of the correct result. It need only 
be inverted (CPL C) to complete the 
operation. 


C,bit1 
bi12,OVER 
C 


This code uses the JNB instruction, one of a 
series of bit-test instructions which execute a 
jump if the addressed bit is set (JC, JB, JBC) 
or if the addressed bit is not set (JNC, JNB). 
In the above case, bit2 is being tested, and if 
bi12= 0, the CPL C instruction is jumped 
over. 


JBC executes the jump if the addressed bit is 
set, and also clears the bit. Thus a flag can 
be tested and cleared in one operation. All 
the PSW bits are directly addressable, so the 
Parity bit, or the general purpose flags, for 
example, are also available to the bit-test 
instructions. 


Relative Offset 
The destination address for these jumps is 
specified to the assembler by a label or by an 
actual address in Program memory. However, 
the destination address assembles to a 
relative offset byte. This is a signed (two's 
complement) offset byte which is added to 
the PC in two's complement arithmetic if the 
jump is executed. The range of the jump is 
therefore -128 to +127 Program Memory 
bytes relative to the first byte foliowing the 
instruction. 


MNEMONIC 
OPERATION 
EXECUTION TIME (~s) 


MOVC A,@A+DPTR 
Read program memory at (A + DPTR) 
2 


MOVC A,@A+PC 
Read program memory at (A + PC) 
2 


MNEMONIC 
OPERATION 
EXECUTION TIME (~s) 


ANL 
C,bit 
C = C.AND.bit 
2 


ANL 
C,lbit 
C = C.AND ..NOT.bit 
2 


ORL 
C,bit 
C=C.OR.bit 
2 


ORL 
C,lbit 
C = C.OR..NOT.bit 
2 


MOV 
C,bit 
C= bit 
1 


MOV 
bit,C 
bit=C 
". 
2 


CLR 
C 
C=O 


, 
1 


CLR 
bit 
bit= 0 
1 


SETB 
C 
C=1 
1 


SETB 
bit 
bit= 1 
1 


CPL 
C 
C = .NOT.C 
1 


CPL 
bit 
bit = .NOT.bit 
1 


JC 
rei 
Jump ifC = 1 
2 


JNC 
rei 
Jump ifC = 0 
2 


JB 
bit,rel 
Jump if bit = 1 
2 


JNB 
bit,rel 
Jump if bit = 0 
2 


JBC 
bit,rel 
Jump if bit = 1; CLR bit 
2 


Jump Instructions 
Table 7 shows the list of unconditional jumps 
with execution time for a 12MHz clock. 


The table lists a single "JMP add" instruction, 
but in fact there are three SJMP, LJMP, and 
AJMP, which differ in the format of the 
destination address. JMP is a generic 
mnemonic which can be used if the 
programmer does not care which way the 
jump is encoded. 


The SJMP instruction encodes the 
destination address as a relative offset, as 
described above. The instruction is 2 bytes 
long, consisting of the opcode and the 
relative offset byte. The jump distance is 
limited to a range of -128 to +127 bytes 
relative to the instruction following the SJMP. 


The LJMP instruction encodes the destination 
address as a 16-bit constant. The instruction 


is 3 bytes long, consisting of the opcode and 
two address bytes. The destination address 
can be anywhere in the 64k Program Memory 
space. 


The AJMP instruction encodes the 
destination address as an 11-bit constant. 
The instruction is 2 bytes long, consisting of 
the opcode, which itself contains 3 of the 11 
address bits, followed by another byte 
containing the low 8 bits of the destination 
address. When the instruction is executed, 
these 11 bits are simply substituted for the 
low 11 bits in the PC. The high 5 bits stay the 
same. Hence the destination has to be within 
the same 2k biock as the instruction following 
the AJMP. 


In all cases the programmer specifies the 
destination address to the assembler in the 
same way: as a label or as a 16-bit constant. 
The assembler will put the destination 


address into the correct format for the given 
instruction. If the format required by the 
instruction will not support the distance to the 
specified destination address, a "Destination 
out of range" message is written into the List 
file. 


The JMP @A+DPTR instruction supports 
case jumps. The destination address is 
computed at execution time as the sum of the 
16-bit DPTR register and the Accumulator. 
Typically, DPTR is set up with the address of 
a jump table. In a 5-way branch, for example, 
an integer 0 through 4 is loaded into the 
Accumulator. The code to be executed might 
be as follows: 


MOV 
DPTR,#JUMP TABLE 


MOV 
A,INDEX_NUMBER 


RL 
A 
JMP 
@A+DPTR 


MNEMONIC 
OPERATION 
EXECUTION TIME (~) 


JMP 
addr 
Jump to addr 
2 


JMP 
@A+DPTR 
Jump to A + DPTR 
- 
2 


CALL 
addr 
Call subroutine at addr 
2 


RET 
Return from subroutine 
2 


RETI 
Return from interrupt 
2 


NOP 
No operation 
1 


The RL A instruction converts the index 
number (0 through 4) to an even number on 
the range 0 through 8, because each entry in 
the jump table is 2 bytes long: 


JUMP TABLE: 
AJMP 
CASED 
AJMP 
CASE 1 
AJMP 
CASE2 
AJMP 
CASE3 
AJMP 
CASE4 


Table 7 shows a single "CALL addr" 
instruction, but there are two of them, LCALL 
and ACALL, which differ in the format in 
which the subroutine address is given to the 
CPU. CALL is a generic mnemonic which can 
be used if the programmer does not care 
which way the address is encoded. 


The LCALL instruction uses the 16-bit 
address format, and the subroutine can be 
anywhere in the 64k Program Memory space. 
The ACALL instruction uses the 11-bit format, 
and the subroutine must be in the same 2k 
block as the instruction following the ACALL. 


In any case, the programmer specifies the 
subroutine address to the assembler in the 
same way: as a label or as a 16-bit constant. 
The assembler will put the address into the 
correct format for the given instructions. 


Subroutines should end with a RET 
instruction, which returns execution to the 
instruction following the CALL. 


RETI is used to return from an interrupt 
service routine. The only difference between 
RET and RETI is that RETI tells the interrupt 
control system that the interrupt in progress 
is done. If there is no interrupt in progress at 
the time RETI is executed, then the RETI is 
functionally identical to REI. 


Table 8 shows the list of conditional jumps 
available to the 80C51 user. All of these 
jumps specify the destination address by the 
relative offset method, and so are limited to a 
jump distance of -128 to +127 bytes from the 
instruction following the conditional jump 
instruction. Important to note, however, the 
user specifies to the assembler the actual 


destination address the same way as the 
other jumps: as a label or a 16-bit constant. 


There is no Zero bit in the PSW. The JZ and 
JNZ instructions test the Accumulator data 
for that condition. 


The DJNZ instruction (Decrement and Jump 
if Not Zero) is for loop control. To execute a 
loop N times, load a counter byte with Nand 
terminate the loop with a DJNZ to the 
beginning of the loop, as shown below for N 
= 10. 


MOV 
COUNTER,#10 


LOOP: (begin loop) 


• 


(end loop) 
DJNZ 
(continue) 


The CJNE instruction (Compare and Jump if 
Not Equal) can also be used for loop controi 
as in Figure 12. Two bytes are specified in 
the operand field of the instruction. The jump 
is executed only if the two bytes are not 
equal. In the example of Figure 12, the two 
bytes were data in R1 and the constant 2AH. 
The initial data in R1 was 2EH. Every time 
the loop was executed, R1 was 
decremented, and the looping was to 
continue until the R1 data reached 2AH. 


Another application of this instruction is in 
"greater than, less than" comparisons. The 
two bytes in the operand field are taken as 
unsigned integers. If the first is less than the 
second, then the Carry bit is set (1). If the 
first is greater than or equal to the second, 
then the Carry bit is cleared. 


CPU Timing 
All 80C51 microcontrollers have an on-chip 
oscillator which can be used if desired as the 
clock source for the CPU. To use the on-Chip 
oscillator, connect a crystal or ceramic 
resonator between the XTAL1 and XTAL2 
pins of the microcontroller, and capacitors to 
ground as shown in Figure 13. 


Examples of how to drive the clock with an 
external oscillator are shown in Figure 14. 
Note that in the NMOS devices (8051, etc.) 
the signal at the XTAL2 pin actually drives the 
internal clock generator. In the CMOS 
devices (80C51, etc.), the signal at the 
XTAL1 pin drives the internal clock generator. 
The internal clock generator defines the 
sequence of states that make up the 80C51 
machine cycle. 


Machine 
Cycles 


A machine cycle consists of a sequence of 6 
states, numbered S1 through S6. Each state 
time lasts for two oscillator periods. Thus a 
machine cycle takes 12 oscillator periods or 
1liS if the oscillator frequency is 12MHz. 


Each state is divided into a Phase 1 half and 
a Phase 2 half. Figure 15 shows that 
fetch/execute sequences in states and 
phases for various kinds of instructions. 
Normally two program fetches are generated 
during each machine cycle, even if the 
instruction being executed doesn't require it. 
If the instruction being executed doesn't need 
more code bytes, the CPU simply ignores the 
extra fetch, and the Program Counter is not 


incremented. 


Execution of a one-cycle instruction 
(Figures 15a and 15b) begins during State 1 
of the machine cycle, when the opcode is 
latched into the Instruction Register. A 
second fetch occurs during S4 of the same 
machine cycle. Execution is complete at the 
end of State 6 of this machine cycle. 


The MOVX instructions take two machine 
cycles to execute. No program fetch is 
generated during the second cycle of a 
MOVX instruction. This is the only time 
program fetches are skipped. The 
fetch/execute sequence for MOVX 
instructions is shown in Figure 15d. 


The fetch/execute sequences are the same 
whether the Program Memory is internal or 
external to the chip. Execution times do not 
depend on whether the Program Memory is 
internal or external. 


MNEMONIC 
OPERATION 
ADDRESSING MODES 
EXECUTION 


DIR 
IND 
REG 
I 
IMM 
TIME (liS) 


JZ rei 
Jump if A= 0 
Accumulator only 
2 


JNZ rei 
Jump if A '" 0 
Accumulator only 
2 


DJNZ <byte>,rel 
Decrement and jump if not zero 
X 
X 
2 


CJNE A,<byte>,rel 
Jump if A '" <byte> 
X 
X 
2 


CJNE <byte>,#data,rel 
Jump if <byte> '" #data 
X 
X 
2 


External 


clock 
signal 


Figure 16 shows the signals and timing 
involved in program fetches when the 
Program Memory is external. If Program 
Memory is external, then the Program 
Memory read strobe !'"SEN is normally 
activated twice per machine cycle, as shown 
in Figure 16a. If an access to external Data 
Memory occurs, as shown in Figure 16b, two 
!'"SENs are skipped, because the address 
and data bus are being used for the Data 
Memory access. 


Note that a Data Memory bus cycle takes 
twice as much time as a Program Memory 
bus cycle. Figure 16 shows the relative timing 
of the addresses being emitted at Ports 0 and 
2, and of ALE and !'"SEN. ALE is used to 


Quartz 
crystal 
or ceramic 


resonator 


External 
clock 
signal 


latch the low address byte from POinto the 
address latch. 


When the CPU is executing from internal 
Program Memory, PSEN is not activated, and 
program addresses are not emitted. 
However, ALE continues to be activated 
twice per machine cycle and so it is available 
as a clock output signal. Note, however, that 
one ALE is skipped during the execution of 
the MOVX instruction. 


Interrupt 
Structure 
The 80C51 and its ROMless and EPROM 
versions have 5 interrupt sources: 2 externai 
interrupts, 2 timer interrupts, and the serial 
port interrupt. 


External 


clock 
signal 


What follows is an overview of the interrupt 
structure for the device. More detailed 
information for specific members of the 
80C51 derivative family is provided in later 
chapters of this user's guide. 


Interrupt Enables 
Each interrupt source can be individually 
enabled or disabled by setting or clearing a 
bit in the SFR named IE (Interrupt Enable). 
This register also contains a global disable 
bit, which can be cleared to disabie all 
interrupts at once. Figure 17 shows the IE 
register. 


Read next 
opcode 
(discard). 


[ 
Road noxt opcodo again. 


----- 


I 


a. 1-byte, 
1-cycle 
Instruction, 
e.g., INC A 


I 
I 
I 
I 
I: _C :a:o:opcode 


I 


b. 2-byte, 
1-cycle 
Instruction, 
e.g., ADO A,#data 


I 
I 
I 
I 
I 


:~~~e~lscard)1 


I 
I 


c. 1-byte, 
2-cycle 
Instruction, 
e.g., INC DPTR 


I 
I 
I 
I 
I 
I 
No 


I fetch. 


Read next 
I 


opcode (dlscord,1 
I 
I 


I 


: PCH out 


(LSB) 
(LSB) 


Symbo' 
Position 
Function 
Symbol 
Position 
Function 
0: 
IE.7 
Disables 
all Interrupts. 
"EX 
= O. no Interrupt 
will 
IP.7 
Reserved. 
be acknowledged. 
rt EX = 1, each 
Interrupt 
IP.6 
Reserved. 
source 
Is Individually 
enabled 
or dIsabled 
by 
setting 
or clearing 
Its enable 
bit. 


IP.5 
Reserved. 


IE.6 
Reserved. 
PS 
IP.4 
Defines 
the Serial 
Port 
interrupt 
priority 
level. 


PS = t programs 
It to the higher 
priority 
level. 
IE.S 
Reserved. 


ES 
IE.4 
Enables 
or disables 
the Serial 
Port 
Interrupt. 
tf 
PT1 
IP.3 
Defines 
the TImer 1 Interrupt 
priority 
level. 
ES = 0, the serial 
Port 
Interrupt 
is disabled. 
PTt = 1 programs 
It to the 
higher 
priority 
level. 


ETl 
IE.3 
Enables 
or disables 
the Tlmer 
1 Overflow 
Inter- 
PX' 
IP.2 
Defines 
the Extemallnterrupt 
1 priority 
level. 
rupt. 
" En = O. the Tlmer 
1 Interrupt 
Is disabled. 
PXt = 1 programs 
It to the 
higher 
priority 
level. 


EX' 
IE.2 
Enables 
or disables 
Externallnterrupt.1. 
rt EX1 = 
PTO 
IP.' 
Enables 
or disables 
the Timer 
0 Interrupt 
prior· 
0, External 
Interrupt 
1 Is disabled. 
Ity level. 
PTO = 1 programs 
It to the 
higher 
prior· 
Itylevel. 


ETO 
IE.1 
Enables 
or disables 
the Timer 
0 Overflow 
Inter· 
PXO 
IP.O 
Defines 
the External 
Interrupt 
0 priority 
level. 
rupt.. 
If ETO = 0, the nmer 
0 Interrupt 
Is dls· 
PXO = 1 programs 
It to the higher 
priority 
level. 
abled. 


EXO 
IE.O 
Enable. 
or disables 
External 
Interrupt. 
O. rt EXO 
= 0, External 
Interrupt 
0 Is disabled. 


Figure H. 
Interrupt Enable (IE) Register 
Figure 18. Interrupt Priority (IP) Register 
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Interrupt 
Polling 
Sequence 


Interrupt 
Priorities 
Each interrupt source can also be individually 
programmed to one of two priority levels by 
setting or clearing a bit in the SFR named IP 
(Interrupt Priority). Figure 18 shows the IP 
register. A low-priority interrupt can be 
interrupted by a high-priority interrupt, but not 
by another low-priority interrupt. A 
high-priority interrupt can't be interrupted by 
any other interrupt source. 


If two interrupt requests of different priority 
levels are received simultaneously, the 
request of higher priority is serviced. If 
interrupt requests of the same priority levei 
are received simultaneously, an internal 
polling sequence determines which request is 
serviced. Thus within each priority level there 
is a second priority structure determined by 
the polling sequence. Figure 19 shows how 
the IE and IP registers and the polling 
sequence work to determine which if any 
interrupt will be serviced. 


In operation, all the interrupt flags are latched 
into the interrupt control system during 
State 5 of every machine cycle. The samples 
are polled during the following machine cycle. 
If the flag for an enabled interrupt is found to 
be set (1), the interrupt system generates an 
LCALL to the appropriate location in Program 
Memory, unless some other condition blocks 
the interrupt. Several conditions can block an 
interrupt, among them that an interrupt of 


equal or higher priority level is already in 
progress. 


The hardware-generated 
LCALL causes the 
contents of the Program Counter to be 
pushed into the stack, and reloads the PC 
with the beginning address of the service 
routine. As previously noted (Figure 3), the 
service routine for each interrupt begins at a 
fixed location. 


Only the Program Counter is automatically 
pushed onto the stack, not the PSW or any 
other register. Having only the PC 
automatically saved allows the programmer 
to decide how much time should be spent 
saving other registers. This enhances the 
interrupt response time, albeit at the expense 
of increasing the programmer's burden of 
responsibility. As a result, many interrupt 
functions that are typical in control 
applications toggling a port pin for example, 
or reloading a timer, or unloading a serial 
buffer can often be completed in less time 
than it takes other architectures to complete. 


Simulating 
a Third Priority 
Level in 
Software 
Some applications require more than two 
priority levels that are provided by on-chip 
hardware in 80C51 devices. In these cases, 
relatively simple software can be written to 
produce the same effect as a third priority 


level. First, interrupts that are to have higher 
priority than 1 are assigned to priority 1 in the 
Interrupt Priority (IP) register. The service 
routines for priority 1 interrupts that are 
supposed to be interruptable by priority 2 
interrupts are written to include the following 
code: 


PUSH 
IE 
MOV 
iE,#MASK 
CALL 
LABEL 


POP 
IE 
RET 
LABEL: 
RETI 


As soon as any priority interrupt is 
acknowledged, the Interrupt Enable (IE) 
register is redefined so as to disable all but 
priority 2 interrupts. Then a CALL to LABEL 
executes the RETI instruction, which clears 
the priority 1 interrupt-in-progress flip-flop. At 
this point any priority 1 interrupt that is 
enabled can be serviced, but only priority 2 
interrupts are enabled. 


POPing IE restores the original enable by1e. 
Then a normal RET (rather than another 
RETI) is used to terminate the service 
routine. The additional software adds 1O~s 
(at 12MHz) to priority 1 interrupts. 


HARDWARE 
DESCRIPTION 
This chapter provides a detaiied description 
of the 80C51 microcontroller (see Figure 1). 
Included in this description are: 


• The port drivers and how they function both 


as ports and. for Ports 0 and 2. in bus 
operations 


• The TImers/Counters 


• The Serial Interface 


• Reset 


• The Reduced Power Modes in CMOS 


devices 


• The EPROM version of the 80C51 
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Special Function 
Registers 
A Map of the on-chip memory area called the 
Special Function Register (SFR) space is 
shown in Rgure 2. 


Note that in the SFRs not all of the addresses 
are occupied. Unoccupied addresses are not 
implemented on the chip. Read accesses to 
these addresses will in general return random 
data, and write accesses will have no effect. 


User software should not write 1s to these 
unimplemented locations, since they may be 
used in other BOC51 Family derivative 
products to invoke new features. The 
functions of the SFRs are described in the 
text that follows. 


Accumulator 
ACC is the Accumulator register. The 
mnemonics for Accumulator-Specific 
instructions, however, refer to the 
Accumulator simply as A. 


B Register 
The B register is used during multiply and 
divide operations. For other instructions it can 
be treated as another scratch pad register. 


Program Status Word 
The PSW register contains program status 
information as detailed in Figure 3. 


Stack Pointer 
The Stack Pointer register is B bits wide. It is 


incremented before data is stored during 
PUSH and CALL executions. While the stack 
may reside anywhere in on-chip RAM, the 
Stack Pointer is initialized to 07H after a 
reset. This causes the stack to begin at 
locations oBH. 


Data Pointer 
The Data Pointer (DPTR) consists of a high 
byte (DPH) and a low byte (DPL). Its 
intended function is to hold a 16-bit address. 
It may be manipulated as a 16-bit register or 
as two independent B-bit registers. 


Ports Oto 3 
PO, P1, P2, and P3 are the SFR latches of 
Ports 0, 1, 2, and 3, respectively. Writing a 
one to a bit of a port SFR (PO, P1, P2, or P3) 
causes the corresponding port output pin to 
switch high. Writing a zero causes the port 
output pin to switch low. When used as an 
input, the external state of a port pin will be 
held in the port SFR (i.e., if the external state 
of a pin is low, the corresponding port SFR bit 
will contain a 0; if it is high, the bit will contain 
a 1). 


Serial Data Buffer 
The Serial Buffer is actually two separate 
registers, a transmit buffer and a receive 
buffer. When data is moved to SBUF, it goes 
to the transmit buffer and is heid for serial 
transmission. (Moving a byte to SBUF is what 


initiates the transmission.) When data is 
moved from SBUF, it comes from the receive 
buffer. 


Timer Registers 
Basic to 80C51 


Register pairs (THO, TLO), and (TH1, TL 1) 
are the 16-bit Counting registers for 
TImer/Counters 0 and 1, respectively. 


Control 
Register for the 80C51 


Special Function Registers IP, IE, TMOD, 
TCON, SCON, and PCON contain control 
and status bits for the interrupt system, the 
TImer/Counters, and the serial port. They are 
described in later sections. 


Port Structures 
and Operation 
All four ports in the BoC51 are bidirectional. 
Each consists of a latch (Special Function 
Registers POthrough P3), an output driver, 
and an input buffer. 


The output drivers of Ports a and 2, and the 
input buffers of Port 0, are used in accesses 
to external memory. In this application, Port 0 
outputs the low byte of the external memory 
address, time-multiplexed with the byte being 
written or read. 


Port 2 outputs the high byte of the external 
memory address when the address is 16 bits 
wide. Otherwise, the Port 2 pins continue to 
emit the P2 SFR content. 


Symbol 
Position 
Name 
and Significance 


cy 
PSW.7 
Carry 
flag. 


AC 
PSW.6 
Auxiliary 
Carry flag. (For BCD 
operations.) 


FO 
PSW.5 
Aag 
o. (Available 
to the user for 
general 
purposes.) 


RSI 
PSW.4 
Register 
bank select 
control 
bits 1 
RSO 
PSW.3 
and O. Set/cleared 
by software 
to 
determine 
working 
register 
bank 


(see 


Note). 


All the Port 3 pins are multifunctional. They 
are not only port pins, but also serve the 
functions of various special features as listed 
below: 


Port 
Pin 
Alternate 
Function 


P3.0 
RxD (serial input port) 
P3.1 
TxD (serial output port) 


P3.2 
Il\ITO" (external interrupt) 


P3.3 
Jl\IT1 (external interrupt) 


P3.4 
TO (TImer/Counter 0 external input) 
P3.5 
Tl (TImer/Counter 1 external input) 
P3.6 
W11 (external Data Memory write 
strobe) 


P3.7 tm (external Data Memory read 


strobe) 


The alternate functions can only be activated 
if the corresponding bit latch in the port SFR 
contains a 1. Otherwise the port pin remains 
atO. 


I/O Configurations 
Figure 4 shows a functional diagram of a 
typical bit latch and I/O buffer in each of the 
four ports. The bit latch (one bit in the port's 
SFR) is represented as a Type D flip-flop, 
which will clock in a value from the intemal 
bus in response to a "write to latch" signal 
from the CPU. The level of the port pin itself 
is placed on the internal bus in response to a 
"read pin" signal from the CPU. Some 
instructions that read a port activate the "read 
latch" signal, and others activate the "read 
pin" signal. 


PSW.1 
User-definable 
flag. 


PSW.O 
Parity flag. 
Set/cleared 
by hardware 


each 
Instruction 
cycle to Indicate 
an 


odd/even 
number 
of "one" 
bits In the 


Accumulator, 
I.e., even 
parity. 


NOTE: 


The contents 
of (RS1, 
RSO) enable 
the working 
register 
banks 
e. 
follows: 


(O.O)-Bank 
0 
(0,1 }-Bank 
1 
(1,O}-Bank 
2 
(1,1 }-Bank 
3 


ADDR and ADDR/DATA bus by an internal 
CONTROL signal for use in external memory 
accesses. During external memory accesses, 
the P2 SFR remains unchanged, but the PO 
SFR gets 1s written to it. 


Also shown in Figure 4 is that if a P3 bit latch 
contains aI, 
then the output level is 


controlled by the signal labeled "alternate 
output function." The actual P3.X pin level is 
always available to the pin's alternate input 
function, if any. 


Ports 1, 2, and 3 have internal pullups, and 
Port 0 has open drain outputs. Each I/O line 
can be independently used as an input or an 
output. (Port 0 and 2 may not be used as 
general purpose I/O when being used as the 
ADDRIDATA BUS for external memory during 
normal operation.) To be used as an input, 
the port bit latch must contain aI, 
which 
turns off the output driver FET. Then, for 
Ports 1, 2, and 3, the pin is pulled high by a 
weak internal pullup, and can be pulled low 
by an external source. 


Port 0 differs in that its internal pullups are 
not active during normal port operation. The 
pullup FET in the POoutput driver (see 
Figure 4) is used only when the port is 
emitting 1s during external memory 
accesses. Otherwise the pullup FET is off. 
Consequently POlines that are being used as 
output port lines are open drain. Writing a 1 
to the bit latch leaves both output FETs off, so 
the pin floats. In that condition it can be used 
as a high-impedance input. 


Because Ports 1, 2, and 3 have fixed internal 
pullups, they are sometimes called 


(OOH·07H) 
(OBH·OFH) 
(10H-17H) 
(lBH-17H) 


"quasi-bidirectional" ports. When configured 
as inputs they pull high and will source 
current (IlL, in the data sheets) when 
externally pulled low. Port 0, on the other 
hand, is considered "true" bidirectional, 
because when configured as an input it 
floats. 


All the port latches in the BOC51 have 1s 
written to them by the reset function. If a 0 is 
subsequently written to a port latch, it can be 
reconfigured as an input by writing a 1 to it. 


Writing to a Port 
In the execution of an instruction that 
changes the vaiue in a port latch, the new 
value arrives at the latch during S6P2 of the 
final cycle of the instruction. However, port 
latches are in fact sampled by their output 
buffers only during Phase 1 of an clock 
period. (During Phase 2 the output buffer 
holds the value it saw during the previous 
Phase 1). Consequently, the new value in the 
port latch won't actually appear at the output 
pin until the next Phase 1, which will be at 
Sl PI of the next machine cycle. 


If the change requires a O-to-l transition in 
Port 1, 2, or 3, an additional pullup is turned 
on during Sl PI and Sl P2 of the cycle in 
which the transition occurs. This is done to 
increase the transition speed. The extra 
pullup can source about 100 times the 
current that the normal pullup can. It should 
be noted that the internal pullups are 
field-effect transistors, not linear resistors. 
The pullup arrangements are shown in 
Figure 5. 
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In the NMOS 8051 part, the fixed part of the 
pUliup is a depletion mode transistor with the 
gate wired to the source. This transistor will 
allow the pin to source about 0.25mA when 
shorted to ground. In parallel wit~ the fixed 
pullup is an enhancement mode transistor, 
which is activated during S1 whenever"the 
port bit does a 0-to-1 transition. During this 
interval, if the port pin is shorted to ground, 
this extra transistor wiil allow the pin to 
source an additional 30mA. 


In the CMOS 80C51, the pullup consists of 
three pFETs. It should be noted that an 
n-channel FET (nFET) is turned on when a 
logical 1 is applied to its gate, and is turned 
off when a logical 0 is applied to its gate. A 
p-channel FET (pFET) is the opposite: it is on 
when its gate sees a 0, and off when its gate 
sees a 1. 


pFET1 in Figure 5 is the transistor that is 
turned on for 2 oscillator periods after a 
0-to-1 transition in the port iatch. While it's 
on, it turns on pFET3 (a weak pullup), 
through the inverter. This inverter and pPET 
form a latch which holds the 1. 


Note that if the pin is emitting a 1, a negative 
glitch on the pin from some external source 
can turn off pFET3, causing the pin to go into 
a float state. pFET2 is a very weak pullup 
which is on whenever the nFET is off, in 
traditional CMOS style. It's only about 1/10 
the strength of pFET1. Its function is to 
restore a 1 to the pin in the event the pin had 
a 1 and lost it to a glitch. 


Port Loading 
and Interfacing 
The output buffers of Ports 1, 2, and 3 can 
each drive 4 LS TIL inputs. These ports on 


NMOS versions can be driven in a normal 
manner by a TIL or NMOS circuit. Both 
NMOS and CMOS pins can be driven by 
open-collector and open-drain outputs, but 
note that 0-to-1 transitions will not be fast. 


In the NMOS device, if the pin is driven by an 
open-collector output, a 0-to-1 transition will 
have to be driven by the relatively weak 
depletion mode FET in Figure Sa. In the 
CMOS device, an input 0 turns off pullup 
pFET3, leaving only the very weak pullup 
pFET2 to drive the transition. 


Port 0 output buffers can each drive 8 LS TIL 
inputs. They do, however, require external 
pullups to drive NMOS inputs, except when 
being used as the ADDRESS/DATA bus for 
external memory. 


vss 


a. NMOS Configuration. 


The enhancement 
mode transistor 
is turned on for 2 oscillator 
periods 
after Q makes a 0-to-1 transition. 


b. CMOS Configuration. 


pFET1 is turned on for 2 oscillator 
periods 
after Q makes a 0-to-1 transition. 
During this time, pFET1 also turns on pFET3 through 
the inverter to form a latch which holds the 1. pFET2 is also on. 


Figure 5. 
Ports 1 and 3 NMOS and CMOS Internal Pull up Configurations 


Port 2 is similar except that it holds the strong pullup on while emitting 1s that are address bits. 
(See Accessing External Memory.) 


Read-Modify-Write 
Feature 
Some instructions that read a port read the 
latch and others read the pin. Which ones do 
which? The instructions that read the latch 
rather than the pin are the ones that read a 
value, possibly change it. and then rewrite it 
to the latch. These are called 
"read-modify-write" instructions. The 
instructions listed below are 
read-modify-write instructions. When the 
destination operand is a port, or a port bit, 
these instructions read the latch rather than 
the pin: 


ANL 
ORL 
XRL 


(logical AND, e.g., ANL P1,A) 
(logical OR, e.g., ORL P2,A) 
(logical EX-OR, e.g., 
XRL P3,A) 
uump it bit = 1 and clear bit, 
e.g., JBC P1.1.LABEL) 
(complement bit, e.g., 


CPL P3.0) 
(increment, e.g., INC P2) 
(decrement, e.g., DEC P2) 
(decrement and jump if not 
zero, e.g., DJNZ P3,LABEL) 
MOV PX.Y,C (move carry bit to bit Y of 
Port X) 
CLR PX.Y 
(clear bit Y of Port X) 


SET PX.Y 
(set bit Y of Port X) 


drive the base of a transistor. When a 1 is 
written to the bit, the transistor is turned on. If 
the CPU then reads the same port bit at the 
pin rather than the latch, It will read the base 
voltage of the transistor and interpret it as a 


O. Reading the latch rather than the pin will 
return the correct value of 1. 


INC 
DEC 
DJNZ 


It is not obvious that the last three 
instructions in this list are read-modify-write 
instructions, but they are. They read the port 
by1e,all 8 bits, modify the addressed bit, then 
write the new by1eback to the latch. 


The 
reason 
that read-modify-write 
instructions are directed to the latch rather 
than the pin is to avoid a possible 
misinterpretation ot the voltage level at the 
pin. For example, a port bit might be used to 


Accessing 
External 
Memory 
Accesses to external memory are of two 
types: accesses to external Program Memory 
and accesses to external Data Memory. 
Accesses to external Program Memory use 
signal J5SEiI (program store enable) as the 
read strobe. Accesses to external Data 
Memory use J1Ij or WR (alternate functions 
of P3.7 and P3.6) to strobe the memory. 
Fetches from external Program Memory 
always use a 16-bit address. Accesses to 
external Data Memory can use either a 16-bit 
address (MOVX 
@ DPTR) or an 8-bit 
address (MOVX 
@Ri). 


Whenever a 16-bit address is used, the high 
byte of the address comes out on Port 2, 
where it is held for the duration of the read or 
write cycle. Note that the Port 2 drivers use 
the strong pullups during the entire time that 
they are emitting address bits that are 1s. 
This is during the execution of a MOVX 
@DPTR instruction. During this time the Port 
2 latch (the Special Function Register) does 
not have to contain 1s, and the contents of 
the Port 2 SFR are not modified. If the 
external memory cycle is not immediately 
followed by another external memory cycle, 
the undisturbed contents of the Port 2 SFR 
will reappear in the next cycle. 


If an 8-bit address is being used (MOVX 
@Ri), the contents of the Port 2 SFR remain 
at the Port 2 pins throughout the external 
memory cycle. This will facilitate paging. 


In any case, the low byte of the address is 
time-multiplexed with the data byte on Port O. 
The ADDRIDATA signals drive both FETs in 
the Port 0 output buffers. Thus, in this 
application the Port 0 pins are not open-drain 
outputs, and do not require external pullups. 
ALE (Address Latch Enable) should be used 
to capture the address byte into an external 
latch. The address byte is valid at the 
negative transition of ALE. Then, in a write 
cycle, the data byte to be written appears on 
Port 0 just before WR is activated, and 
remains there until after WR is deactivated. In 
a read cycle, the incoming byte is accepted 
at Port 0 just before the read strobe is 
deactivated. 


During any access to external memory, the 
CPU writes OFFH to the Port 0 latch (the 
Special Function Register), thus obliterating 
whatever information the Port 0 SFR may 
have been holding. 


External Program Memory is accessed under 
two conditions: Whenever signal Ell: is active; 
or whenever the program counter (PC) 
contains a number that is larger than OFFFH 
(in the 80C51). 


This require that the ROMless versions have 
Ell: wired low to enable the lower 4k program 
bytes to be fetched from external memory. 


When the CPU is executing out of external 
Program Memory, all 8 bits of Port 2 are 
dedicated to an output function and may not 
be used for general purpose I/O. During 
external program fetches they output the high 
byte of the PC. During this time the Port 2 
drivers use the strong pullups to emit PC bits 
that are 1s. 


Timer/Counters 
The 80C51 has two 16-bit Timer/Counter 
registers: Timer 0 and Timer 1. Both can be 
configured to operate either as timers or 
event counters (see Figure 6). 


In the ''Time(' function, the register is 
incremented every machine cycle. Thus, one 
can think of it as counting machine cycles. 
Since a machine cycle consists of 12 
oscillator periods, the count rate is 1/12 of the 
oscillator frequency. 


In the "Counte(' function, the register is 
incremented in response to a 1-to-0 transition 
at its corresponding external input pin, TOor 
T1. In this function, the external input is 
sampied during S5P2 of every machine 
cycle. 


When the samples show a high in one cycle 
and a low in the next cycle, the count is 
incremented. The new count value appears in 
the register during S3P1 of the cycle 
following the one in which the transition was 
detected. Since it takes 2 machine cycles (24 
oscillator periods) to recognize a 1-to-0 
transition, the maximum count rate is 1/24 of 
the oscillator frequency. There are no 
restrictions on the duty cycle of the external 
input signal, but to ensure that a given level is 
sampled at least once before it changes, it 
should be held for at least one full cycie. In 
addition to the "Time(' or "Counte(' selection, 
Timer 0 and Timer 1 have four operating 
modes from which to select. 


Timer 0 and Timer 1 
The ''Timer'' or "Counter" function is selected 
by control bits CIT in the Special Function 
Register TMOD. These two Timer/Counters 
have four operating modes, which are 
selected by bit-pairs (M1, MO)in TMOD. 
Modes 0, 1, and 2 are the same for both 
Timers/Counters. Mode 3 is different. The 
four operating modes are described in the 
following text. 


Mode 0 
Putting either Timer into Mode 0 makes it 
look iike an 8048 Timer, which is an 8-bit 
Counter with a divide-by-32 prescaler. 


Figure 7 shows the Mode 0 operation as it 
applies to Timer 1. 


In this mode, the Timer register is configured 
as a 13-bit register. As the count rolls over 
from all 1s to all Os, it sets the Timer interrupt 
flag TF1. The counted input is enabled to the 
Timer when TR1 = 1 and either GATE = 0 or 
TfITT = 1. (Setting GATE = 1 allows the Timer 
to be controlled by external input TfITT, to 
facilitate pulse width measurements). TR1 is 
a control bit in the Special Function Register 
TCON (Figure 8). GATE is in TMOD. 


The 13-bit register consists of all 8 bits of 
TH 1 and the lower 5 bits of TL 1. The upper 3 
bits of TL 1 are indeterminate and should be 
ignored. Setting the run flag (TR1) does not 
clear the registers. 


Mode 0 operation is the same for the Timer 0 
as for Timer 1. Substitute TRO, TFO, and 
JliITOfor the corresponding Timer 1 signals in 
Figure 7. There are two different GATE bits, 
one for Timer 1 (TMOD.7) and one for Timer 
o (TMOD.3). 


Mode 1 
Mode 1 is the same as Mode 0, except that 
the Timer register is being run with all 16 bits. 


Mode 2 
Mode 2 configures the Timer register as an 
8-bit Counter (TL1) with automatic reload, as 
shown in Figure 9. Overflow from TL 1 not 
only sets TF1, but also reloads TL 1 with the 
contents of TH1, which is preset by software. 
The reload leaves TH1 unchanged. 


Mode3 
Timer 1 in Mode 3 simpiy holds its count. The 
effect is the same as setting TR1 = O. 


Timer 0 in Mode 3 establishes TLO and THO 
as two separate counters. The logic for Mode 
3 on Timer 0 is shown in Figure 10. TLO uses 
the Timer 0 control bits: CIT, GATE, TRO, 
INTO, and TFO. THO is locked into a timer 
function (counting machine cycles) and takes 
over the use of TR1 and TF1 from Timer 1. 
Thus, THO now controls the "Timer 1" 
interrupt. 


Mode 3 is provided for applications requiring 
an extra 8-bit timer on the counter. With 
Timer 0 in Mode 3, an 80C51 can look like it 
has three Timer/Counters. When Timer 0 is in 
Mode 3. Timer 1 can be turned on and off by 
switching it out of and into its own Mode 3, or 
can still be used by the serial port as a baud 
rate generator, or in fact, in any application 
not requiring an interrupt. 


Gating 
control 
when 
set. Timer/Counter 
"x" 
Is en- 
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only 
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"INTi" pin Is high 
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Timer 
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"TRx" 
control 
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Symbol 
Position 
Name 
and Significance 
Symbol 
Position 
Name 
and 
Significance 


TFl 
TCON.7 
Timer 
1 overflow 
flag. 
Set by hardware 
on 
IE1 
TCON.3 
InterruptI 
Edge 
fiag. 
Set by hardware 
when 


Timer/Counter 
overflow. 
Cleared 
by hardware 
external 
interrupt 
edge 
detected. 
Cleared 
when 
processor 
vectors 
to Interrupt 
routine. 
when 
Interrupt 
processed. 


TRI 
TCON.6 
Timer 
1 Run 
control 
bit. Set/cleared 
by soft- 
In 
TCON.2 
Interrupt 
1 Type 
control 
bit. Set/cleared 
by 
ware 
to turn 
TImer/Counter 
on/off. 
software 
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failing 
edgellow 
level 
trig- 


gered 
external 
Interrupts. 
TFO 
TCON.S 
Timer 
0 overflow 
flag. 
Set by hardware 
on 
Timer/Counter 
overflow. 
Cleared 
by hardware 
IEO 
TCON.l 
Interrupt 
0 Edge 
flag. 
Set by hardware 
when 


when 
processor 
vectors 
to interrupt 
routine. 
external 
interrupt 
edge 
detected. 
Cleared 


when 
Interrupt 
processed. 


TRO 
TCON.4 
Timer 
a Run control 
bit. 
Set/cleared 
by soft- 
ITO 
TCON.a 
Interrupt 
a Type 
control 
bit. Set/cleared 
by 
ware 
to turn 
Timer/Counter 
on/oN. 
software 
to specify 
fall1ng 
edgenow 
level 
trig- 


gered 
external 
Interrupts. 


B---G-- 
1/.2Iose 


1/12fOSC 
-------- 


py~--~. 
~~----.& 
Interrupt 


_~trol 


Standard 
Serial Interface 
The serial port is full duplex, meaning it can 
transmit and receive simultaneously. It is also 
receive-buffered, meaning it can commence 
reception of a second byte before a 
previously received byte has been read from 
the register. (However, if the first byte still 
hasn't been read by the time reception of the 
second byte is complete, one of the bytes will 
be lost.) The serial port receive and transmit 
registers are both accessed at Special 
Function Register SBUF. Writing to SBUF 
loads the transmit register, and reading SBUF 
accesses a physically separate receive 
register. 


The serial port can operate in 4 modes: 


Mode 0: 
Serial data enters and exits 
through RxD. TxD outputs the shift clock. 8 
bits are transmitted/received 
(LSB first). The 
baud rate is fixed at 1/12 the oscillator 
frequency. 


Mode 1: 
10 bits are transmitted (through 


TxD) or received (through RxD): a start bit 
(0), 8 data bits (LSB first), and a stop bit (1). 
On receive, the stop bit goes into RB8 in 
Special Function Register SCaN. The baud 
rate is variable. 


Mode 2: 
11 bits are transmitted (through 


TxD) or received (through RxD): start bit (0), 
8 data bits (LSB first), a programmable 9th 
data bit, and a stop bit (1). On Transmit, the 
9th data bit (TB8 in SCaN) can be assigned 
the value of 0 or 1. Or, for example, the parity 
bit (P, in the PSW) could be moved into TB8. 
On receive, the 9th data bit goes into RB8 in 
Special Function Register SCaN, while the 
stop bit is ignored. The baud rate is 
programmable to either 1/32 or 1/64 the 
oscillator frequency. 


Mode 3: 
11 bits are transmitted (through 


TxD) or received (through RxD): a start bit 
(0), 8 data bits (LSB first), a programmable 
9th data bit, and a stop bit (1). In fact, Mode 3 
is the same as Mode 2 in all respects except 
baud rate. The baud rate in Mode 3 is 


variable. 


In all four modes, transmission is initiated by 
any instruction that uses SBUF as a 
destination register. Reception is initiated in 
Mode 0 by the condition RI = 0 and REN = 1. 
Reception is initiated in the other modes by 
the incoming start bit if REN = 1. 


Multiprocessor 
Communications 


Modes 2 and 3 have a special provision for 
multiprocessor communications. In these 
modes, 9 data bits are received. The 9th one 
goes into RB8. Then comes a stop bit. The 
port can be programmed such that when the 
stop bit is received, the serial port interrupt 
will be activated only if RB8 = 1. This feature 
is enabled by setting bit SM2 in SCaN. A 
way to use this feature in multiprocessor 
systems is as follows: 


When the master processor wants to transmit 
a block of data to one of several slaves, it 
first sends out an address byte which 
identifies the target slave. An address byte 
differs from a data byte in that the 9th bit is 1 
in an address byte and 0 in a data byte. With 
SM2 = 1, no slave will be interrupted by a 
data byte. An address byte, however, will 
interrupt all slaves, so that each siave can 
examine the received byte and see if it is 
being addressed. The addressed slave will 
clear its SM2 bit and prepare to receive the 
data bytes that will be coming. The slaves 
that weren't being addressed leave their 
SM2s set and go on about their business, 
ignoring the coming data bytes. 


SM2 has no effect in Mode 0, and in Mode 1 
can be used to check the validity of the stop 
bit. In a Mode 1 reception, if SM2 = 1, the 
receive interrupt will not be activated unless a 
valid stop bit is received. 


Serial Port Control 
Register 


The serial port control and status register is 
the Special Function Register SCaN, shown 
in Figure 11. This register contains not only 
the mode selection bits, but also the 9th data 
bit for transmit and receive (TB8 and RB8), 
and the serial port interrupt bits (TI and RI). 


Baud Rates 
The baud rate in Mode 0 is fixed: Mode 0 
Baud Rate = Oscillator Frequency /12. The 
baud rate in Mode 2 dependS on the value of 
bit SMOD in Special Function Register 
PCON. If SMOD = 0 (which is the value on 
reset), the baud rate is 1/64 the oscillator 
frequency. If SMOD = 1, the baud rate is 1/32 
the oscillator frequency. 


Mode 2 Baud Rate = 


2SMOO 
. 
~ 
x (Oscillator Frequency) 


In the 80C51 , the baud rates in Modes 1 and 
3 are determined by the Timer 1 overflow 
rate. 


Using Timer 1 to Generate Baud Rates 
When Timer 1 is used as the baud rate 
generator, the baud rates in Modes 1 and 3 
are determined by the Timer 1 overflow rate 
and the value of SMOD as follows: 


Mode 1, 3 Baud Rate = 


2SMOD 
. 
32 x (TImer 1 Overflow 
Rate) 


The Timer 1 interrupt should be disabled in 
this application. The Timer itself can be 
configured for either '1imer" or "counter" 
operation, and in any of its 3 running modes. 
In the most typical applications, it is 
configured for "timer" operation, in the 
auto-reload mode (high nibble of TMOD = 
001DB). In that case the baud rate is given by 
the formula: 


Mode 1, 3 Baud Rate = 


2SMOD 
Oscillator Frequency 
32 x 
12 x [256 - 
(TH1)) 


One can achieve very low baud rates with 
Timer 1 by leaving the Timer 1 interrupt 
enabled, and configuring the Timer to run as 
a 16-bit timer (high nibble of TMOD = 
0001 B), and using the Timer 1 interrupt to do 
a 16-bit software reload. Figure 12 lists 
various commonly used baud rates and how 
they can be obtained from Timer 1. 


Where SMa, SMl specify the serial port mode, 
as follows: 


SMa 
SMl 
Mode 
Description 
Baud 
TB8 


Rate 
a 
a 
a 
shift register 
fose/12 
RB8 
a 
1 
1 
8-bit UART 
variable 


1 
a 
2 
9-bit UART 
fose/54 
or 
fose/32 
. TI 


3 
9-bit UART 
variable 


is the 9th data bit that will be transmitted in modes 2 and 
3. Set or clear by software as desired. 


in modes 2 and 3, is the 9th data bit that was received. 
In mode 1, if SM2 = 0, RB8 is the stopbit that was re- 
ceived in mode 0, RB8 is not used. 


is the transmit interrupt flag. Set by hardware at the end 
of the 8th bit time in mode 0, or at the beginning of the 
stop bit in the other modes, in any serial transmission. 
Must be cleared by software. 


RI 
is the receive interrupt flag. Set by hardware at the end 
of the 8th bit time in mode 0, or halfway through the stop 
bit time in the other modes, in any serial reception (ex- 
cept see SM2). Must be cieared by software. 


• 
SM2 enables the multiprocessor communication feature in 


modes 2 and 3. In mode 2 or 3, if SM2 is set to 1" then 
RI will not be activated if the received 9th data bit (RB8) 
is O. In mode 1, if SM2 = 1, then RI will not be activated 
if a valid stop bit was not received. In mode 0, SM2 
should be O. 


• 
REN enables serial reception. Set by software to enable 
reception. Clear by software to disable reception. 


Timer 1 


Reload 


Baud Rate 
fose 
SMOD 
efT 
Mode 
Value 


Mode a Max: 1.67MHz 
20MHz 
X 
X 
X 
X 


Mode 2 Max: 625k 
20MHz 
1 
X 
X 
X 


Mode 1, 3 Max: 104.2k 
20MHz 
1 
a 
2 
FFH 


19.2k 
11.a59MHz 
1 
a 
2 
FDH 
9.6k 
11.059MHz 
a 
a 
2 
FDH 
4.8k 
11.059MHz 
a 
a 
2 
FAH 
2.4k 
11.059MHz 
I,· 
a 
a 
2 
F4H 
1.2k 
11.059MHz 
a 
a 
2 
E8H 


137.5 
11.986M 
a 
a 
2 
1DH 
110 
6MHz 
a 
a 
2 
72H 
110 
12MHz 
a 
a 
1 
FEEBH 


More About Mode a 
Serial data enters and exits through RxD. 
TxD outputs the shift clock. 8 bits are 
transmitted/received: 
8 data bits (LSB first). 
The baud rate is fixed a 1/12 the oscillator 
frequency. 


Figure 13 shows a simplified functional 
diagram of the serial port in Mode 0, and 
associated timing. 


Transmission is initiated by any instruction 
that uses SBUF as a destination register. The 
"write to SBUF" signal at S6P2 also loads a 1 
into the 9th position of the transmit shift 
register and tells the TX Control block to 
commence a transmission. The internal 
timing is such that one full machine cycle will 
elapse between "write to SBUP' and 


activation of SEND. 


SEND enables the output of the shift register 
to the alternate output function line of P3.0 
and also enable SHIFT CLOCK to the 
alternate output function line of P3.1. SHiFT 
CLOCK is low during S3, S4, and S5 of every 
machine cycle, and high during S6, Sl, and 
S2. At S6P2 of every machine cycle in which 
SEND is active, the contents of the transmit 
shift are shifted to the right one position. 


As data bits shift out to the right, zeros come 
in from the left. When the MSB of the data 
byte ;s at the output position of the shift 
register, then the 1 that was initially loaded 
into the 9th position, is just to the left of the 
MSB, and all positions to the left of that 
contain zeros. This condition flags the TX 
Control block to do one last shift and then 


deactivate SEND and set Tl. Both of these 
actions occur at SlPl 
ofthe 10th machine 
cycle after ''write to SBUF." 


Reception is initiated by the condition 
REN = 1 and Rl = O. At S6P2 of the next 
machine cycle, the RX Control unit writes the 
bits 11111110to the receive shift register, and 
in the next clock phase activates RECEIVE. 


RECEIVE enable SHIFT CLOCK to the 
alternate output function line of P3.1. SHIFT 
CLOCK makes transitions at S3Pl and S6Pl 
of every machine cycle. At S6P2 of every 
machine cycle in which RECEIVE is active, 
the contents of the receive shift register are 
shifted to the left one position. The value that 
comes in from the right is the value that was 
sampled at the P3.0 pin at S5P2 of the same 
machine cycle. 


As data bits come in from the right, 1s shift 
out to the left. When the 0 that was initially 
loaded into the rightmost position arrives at 
the leftmost position in the shift register, it 
flags the RX Control block to do one last shift 
and load SBUF. At S1P1 of the 10lh machine 
cycle after the write to SCON that cleared RI, 
RECEIVE is cleared as RI is set. 


More About Mode 1 
Ten bits are transmitted (through TxD), or 
received (through RxD): a start bit (0), 8 data 
bits (LSB first), and a stop bit (1). On receive, 
the stop bit goes into RB8 in SCON. In the 
80C51 the baud rate is determined by the 
limer 
1 overflow rate. 


Figure 14 shows a simplified functional 
diagram of the serial port in Mode 1, and 
associated timings for transmit receive. 


Transmission is initiated by any instruction 
that uses SBUF as a destination register. The 
"write to SBUF" signal also loads a 1 into the 
9th bit position of the transmit shift register 
and flags the TX Control unit that a 
transmission is requested. Transmission 
actually commences at S1P1 of the machine 
cycle following the next rollover in the 
divide-by-16 counter. (Thus, the bit times are 
synchronized to the divide-by-16 counter, not 
to the "write to SBUF" signal.) 


The transmission begins with activation of 
SEND which puts the start bit at TxD. One bit 
time later, DATA is activated, which enables 
the output bit of the transmit shift register to 
TxD. The first shift pulse occurs one bit time 
after that. 


As data bits shift out to the right, zeros are 
clocked in from the left. When the MSB of the 
data byte is at the output position of the shift 
register, then the 1 that was initially loaded 
into the 9th position is just to the left of the 
MSB, and all positions to the left of that 
contain zeros. This condition flags the TX 
Control unit to do one last shift and then 
deactivtate SEND and set TI. This occurs at 
the 10th divide-by-16 rollover after "write to 
SBUF." 


Reception is initiated by a detected 1-10-0 
transition at RxD. For this purpose RxD is 
sampled at a rate of 16 times whatever baud 
rate has been established. When a transition 
is detected, the divide-by-16 counter is 
immediately reset, and 1FFH is written into 
the input shift register. Resetting the 
divide-by-16 counter aligns its rollovers with 
the boundaries of the incoming bit times. 


The 16 states of the counter divide each bit 
time into 16ths. At the 7th, 8th, and 9th 


counter states of each bit time, the bit 
detector samples the value of RxD. The 
value accepted is the value that was seen in 
at least 2 of the 3 samples. This is done for 
noise rejection. If the value accepted during 
the first bit time is not 0, the receive circuits 
are reset and the unit goes back to looking 
for another 1-to-0 transition. This is to provide 
rejection of false start bits. If the start bit 
proves valid, it is shifted into the input shift 
register, and reception of the rest of the frame 
will proceed. 


As data bits come in from the right, 1s shift 
out to the left. When the start bit arrives at the 
leftmost position in the shift register (which in 
mode 1 is a 9-bit register), it flags the RX 
Control block to do one last shift, load SBUF 
and RB8, and set RI. The signal to load 
SBUF and RB8, and to set Rl, will be 
generated if, and only if, the following 
conditions are met at the time the final shift 
pulse is generated.: 
1. R1 = 0, and 
2. 
Either SM2 = 0, 
or the received stop bit = 1. 


If either of these two conditions is not met, 
the received frame is irretrievably lost. If both 
conditions are met, the stop bit goes into 
RB8, the 8 data bits go into SBUF, and RI is 
activated. At this time, whether the above 
conditions are met or not, the unit goes back 
to looking for a 1-to-0 transition in RxD. 


More About Modes 2 and 3 
Eleven bits are transmitted (through TxD), or 
received (through RxD): a start bit (0), 8 data 
bits (LSB first), a programmable 9th data bit, 
and a stop bit (1). On transmit, the 9th data 
bit (TB8) can be assigned the value of 0 or 1. 
On receive, the 9the data bit goes into RB8 in 
SCON. The baud rate is programmable to 
either 1/32 or 1/64 the oscillator frequency in 
Mode 2. Mode 3 may have a variable baud 
rate generated from Timer 1. 


Figures 15 and 16 show a functional diagram 
of the serial port in Modes 2 and 3. The 
receive portion is exactly the same as in 
Mode 1. The transmit portion differs from 
Mode 1 only in the 9th bit of the transmit shift 
register. 


Transmission is initiated by any instruction 
that uses SBUF as a destination register. The 
"write to SBUF" signal also loads TB8 into the 
9th bit position of the transmit shift register 
and flags the TX Control unit that a 
transmission is requested. Transmission 
commences at S1P1 of the machine cycle 
following the next rollover in the divide-by-16 
counter. (Thus, the bit times are 


synchronized to the divide-by-16 counter, not 
to the "write to SBUF" signal.) 


The transmission begins with activation of 
SEND, which puts the start bit at TxD. One 
bit time later, DATA is activated, which 
enables the output bit of the transmit shift 
register to TxD. The first shift pulse occurs 
one bit time after that. The first shift clocks a 
1 (the stop bit) into the 9th bit position of the 
shift register. Thereafter, only zeros are 
clocked in. Thus, as data bits shift out to the 
right, zeros are clocked in from the left. When 
TB8 is at the output position of the shift 
register, then the stop bit is just to the left of 
TB8, and all positions to the left of that 
contain zeros. This condition flags the TX 
Control unit to do one last shift and then 
deactivate SEND and set TI. This occurs at 
the 11th divide-by-16 rollover after "write to 
SUBF." 


Reception is initiated by a detected 1-to-0 
transition at RxD. For this purpose RxD is 
sampled at a rate of 16 times whatever baud 
rate has been established. When a transition 
is detected, the divide-by-16 counter is 
immediately reset, and 1FFH is written to the 
input shift register. 


At the 7th, 8th, and 9th counter states of each 
bit time, the bit detector samples the value of 
R-D. The value accepted is the value that 
was seen in at least 2 of the 3 samples. If the 
value accepted during the first bit time is not 
0, the receive circuits are reset and the unit 
goes back to looking for another 1-to-0 
transition. If the start bit proves valid, it is 
shifted into the input shift register, and 
reception of the rest of the frame will 
proceed. 


As data bits come in from the right, 1s shift 
out to the left. When the start bit arrives at the 
leftmost position in the shift register (which in 
Modes 2 and 3 is a 9-bit register), it flags the 
RX Control block to do one last shift, load 
SBUF and RB8, and set RI. 


The signal to load SBUF and RB8, and to set 
Rl, will be generated if, and only if, the 
following conditions are met at the time the 
final shift pulse is generated. 
1. R1 = 0, and 
2. 
Either SM2 = 0, 
or the received 9th data bit = 1. 


If either of these conditions is not met, the 
received frame is irretrievably lost, and Rl is 
not set. If both conditions are met, the 
received 9th data bit goes into RB8, and the 
first 8 data bits go into SBUF. One bit time 
later, whether the above conditions were met 
or not, the unit goes back to looking for a 
1-to-0 transition at the RxD input. 
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Interrupts 
The 80C51 provides 5 interrupt sources. 
These are shown in Figure 17. The External 
Interrupts IfiITlj and lI'JT1 can each be either 
level-activated or transition-activated, 
depending on bits ITOand IT1 in Aegister 
TCON. The flags that actually generate these 
interrupts are bits IEOand IE1 in TCON. 
When an external interrupt is generated, the 
flag that generated it is cleared by the 
hardware when the service routine is 
vectored to only if the interrupt was 
transition-activated. 
If the interrupt was 
level-activated, then the external requesting 
source is what controls the request flag, 
rather than the on-chip hardware. 


The TImer 0 and TImer 1 Interrupts are 
generated by TFO and TF1, which are set by 
a rollover in their respective TImer/Counter 
registers (except see Timer 0 in Mode 3). 
When a timer interrupt is generated, the flag 
that generated it is cleared by the on-chip 
hardware when the service routine is 
vectored to. 


The Serial Port Interrupt is generated by the 
logical OA of AI and TI. Neither of these flags 


~,=D--------~. 


is cleared by hardware when the service 
routine is vectored to. In fact, the service 
routine will normally have to determine 
whether it was AI or Tlthat generated the 
interrupt, and the bit will have to be cleared in 
software. 


All of the bits that generate interrupts can be 
set or cleared by software, with the same 
result as though it had been set or cleared by 
hardware. That is, interrupts can be 
generated or pending interrupts can be 
canceled in software. 


Each of these interrupt sources can be 
individually enabled or disabled by selting or 
clearing a bit in Special Function Aegister IE 
(Figure 18). IE also contains a global disable 
bit, EA, which disables all interrupts at once. 


Priority 
Level Structure 
Each interrupt source can also be individually 
programmed to one of two priority levels by 
selting or clearing a bit in Special Function 
Aegister IP (Figure 19). A low-priority 
interrupt can itself be interrupted by a 
high-priority interrupt, but not by another 
low-priority interrupt. A high-priority interrupt 


If two request of different priority levels are 
received simultaneously, the request of 
higher priority level is serviced. If requests of 
the same priority level are received 
simultaneously, an internal polling sequence 
determines which request is serviced. Thus 
within each priority level there is a second 
priority structure determined by the polling 
sequence as follows: 


Source 
1. IEO 
2. TFO 
3. 
IE1 
4. TF1 
5. 
AI+TI 


Priority 
Within Level 


(highest) 


Note that the "priority within level" structure is 
only used to resolve simultaneous requests 
of the same priority level. 


The IP register contains a number of 
unimplemented bits. IP.7, IP.6, and IP.5 are 
reserved in the 80C51. User software should 
not write 1s to these positions, since they 
may be used in other 8051 Family products. 


(LSe) 
(LSe) 


Symbol 
Position 
Function 
Symbol 
Position 
Function 


EA 
IE.7 
Disables 
all Interrupts. 
tf EA = 0, no Interrupt 
will 
IP.7 
Reserved. 
be acknowledged. 
tf EA = I, each 
Interrupt 


IP.6 
Reserved. 
source 
Is Individually 
enabled 
or disabled 
by 
setting 
or clearing 
Its enable 
bit. 


IP.5 
Reserved. 


IE.6 
Reserved. 
PS 
IP.4 
Defines 
the Serial 
Port Interrupt 
priority 
level. 


IE.S 
Reserved. 
PS = t programs 
It to the higher 
prIority 
level. 


ES 
IE.4 
Enables 
or disables 
the Serial 
Port interrupt. 
If 


IP.3 
Defines 
the Timer 
1 Interrupt 
priority 
level. 
PTt 
ES = 0, the Serial 
Port interrupt 
Is disabled. 
PT' 
= 1 programs 
It to the higher 
priority 
level. 


ET' 
IE.3 
Enables 
or disables 
the Timer 
1 Overflow 
inter- 
rupt. tf ETI 
= O. the Timer 
1 interrupt 
is disabled. 


px, 
IP.2 
Defines 
the External 
Interrupt 
t priority 
level. 


EX' 
IE.2 
Enables 
or disables 
Externallnterrupt.1. 
If EX1 = 
PX1 
=1 programs 
It to the higher 
priority 
level. 


0, External 
Interrupt 
1 Is disabled. 


ETO 
IE.' 
Enables 
or disables 
the Tlmer 
0 Overflow 
Inter- 
PTO 
IP.' 
Enables 
or disables 
the Tlmer 
0 Interrupt 
prior- 
rupt .. " ETO = 0, the nmer 
0 Interrupt 
Is dis- 
ity level. PTO = 1 programs 
jt to the higher 
prior- 
abled. 
Itylevel. 


EXO 
IE.O 
Enables 
or disables 
External 
Interrupt. 
O. tf EXO 
PXO 
IP.O 
Defines 
the External 
Interrupt 
0 priority 
level. 
= 0, External 
Interrupt 
0 is disabled. 


PXO = 1 programs 
It to the hIgher 
priority 
level. 


Figure 18. 
Interrupt 
Enable Register (IE) 
Figure 19. 
Interrupt 
Priority 
Register (IP) 


How Interrupts 
Are Handled 
The interrupt flags are sampled at S5P2 of 
every machine cycle. The samples are polled 
during the following machine cycle. If one of 
the flags was in a set condition at S5P2 of the 
preceding cycle. the polling cycle will find it 
and the interrupt system will generate an 
LCALL to the appropriate service routine, 
provided this hardware-generated 
LCALL is 
not blocked by any of the following 
conditions: 
1. An interrupt of equal or higher priority 
level is already in progress. 


2. The current (polling) cycle is not the final 


cycle in the execution of the instruction in 
progress. 


3. The instruction in progress is RETI or any 
write to the IE or IP registers. 


Any of these three conditions will block the 
generation of the LCALL to the interrupt 
service routine. Condition 2 ensures that the 
instruction in progress will be completed 
before vectoring to any service routine. 
Condition 3 ensures that if the instruction in 
progress is RETI or any access to IE or IP, 
then at least one more instruction will be 
executed before any interrupt is vectored to. 


The polling cycle is repeated with each 
machine cycle, and the values polled are the 
values that were present at S5P2 of the 
previous machine cycle. Note that if an 
interrupt flag is active but not being 
responded to for one of the above conditions, 
if the flag is not still active when the blocking 
condition is removed, the denied interrupt will 
not be serviced. In other words, the fact that 
the interrupt flag was once active but not 
serviced is not remembered. Every polling 
cycle is new. 


The polling cycle/LCALL sequence is 
illustrated in Figure 20. 


Note that if an interrupt of higher priority ievel 
goes active prior to S5P2 of the machine 
cycle labeled C3 in Rgure 20, then in 
accordance with the above rules it will be 
vectored to during C5 and C6, without any 
instruction of the lower priority routine having 
been executed. 


Thus the processor acknOWledges an 
interrupt request by executing a 
hardware-generated 
LCALL to the 
appropriate servicing routine. In some cases 
it also clears the flag that generated the 
interrupt, and in other cases it doesn't. It 
never clears the Serial Port flag. This has to 
be done in the user's software. It clears an 


external interrupt flag (IEOor IE1) only if it 
was transition-activated. 
The 


hardware-generated 
LCALL pushes the 
contents of the Program Counter on to the 
stack (but it does not save the PSW) and 
reloads the PC with an address that depends 
on the source of the interrupt being vectored 
to, as shown below: 


Source 
IEO 
TFO 
IE1 
TF1 
RI+TI 


Vector Address 
0003H 
OOOBH 
0013H 
001BH 
0023H 


Execution proceeds from that location until 
the RETI instruction is encountered. The 
RETI instruction informs the processor that 
this interrupt routine is no longer in progress, 
then pops the top two bytes from the stack 
and reloads the Program Counter. Execution 
of the interrupted program continues from 
where it left off. 


Note that a simple RET instruction would also 
have returned execution to the interrupted 
program, but it would have left the interrupt 
control system thinking an interrupt was still 
in progress, making future interrupts 
impossible. 
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External Interrupts 
The external sources can be programmed to 
be level-activated or transition-activated 
by 
setting or clearing bit IT1 or ITOin Register 
TCON. If ITx = 0, external interrupt x is 
triggered by a detected low at the INTx pin. If 
ITx = 1, external interrupt x is edge triggered. 
In this mode if successive samples of the 
INTx pin show a high in one cycle and a low 
in the next cycle, interrupt request flag lEx in 
TCON is set. Flag bit IEx then requests the 
interrupt. 


Since the external interrupt pins are sampled 
once each machine cycle, an input high or 
low should hold for at least 12 oscillator 
periods to ensure sampling. If the external 
interrupt is transition-activated, 
the external 
source has to hold the request pin high for at 
least one cycle, and then hold it low for at 
least one cycle. This is done to ensure that 
the transition is seen so that interrupt request 
flag lEx will be set. lEx will be automatically 
cleared by the CPU when the service routine 
is called. 


If the external interrupt is level-activated, the 
external source has to hold the request active 
until the requested interrupt is actually 
generated. Then it has to deactivate the 
request before the interrupt service routine is 
completed, or else another interrupt will be 
generated. 


Response Time 
The INTO and IlIITT levels are inverted and 
latched into IEOand IE1 at S5P2 of every 
machine cycle. The values are not actually 
polled by the circuitry until the next machine 
cycle. If a request is active and conditions are 
right for it to be acknowledged, a hardware 
subroutine call to the requested service 
routine will be the next instruction to be 
executed. The call itself takes two cycles. 


Long Call to 
Interrupt 
Vector 
Address 
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Interrupt Routine 
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Interrupts 
Are Polled 


Thus, a minimum of three complete machine 
cycles elapse between activation of an 
external interrupt request and the beginning 
of execution of the first instruction of the 
service routine. Figure 20 shows interrupt 
response timings. 


A longer response time would result if the 
request is blocked by one of the 3 previously 
listed conditions. If an interrupt of equal or 
higher priority level is already in progress, the 
additional wait time obviously depends on the 
nature of the other interrupt's service routine. 
If the instruction in progress is not in its final 
cycle, the additional wait time cannot be more 
the 3 cycles, since the longest instructions 
(MUL and DIV) are only 4 cycles long, and if 
the instruction in progress is RETI or an 
access to IE or IP, the additional wait time 
cannot be more than 5 cycles (a maximum of 
one more cycle to complete the instruction in 
progress, plus 4 cycles to complete the next 
instruction if the instruction is MUL or DIV). 


Thus, in a single-interrupt system, the 
response time is always more than 3 cycles 
and less than 9 cycles. 


Single-Step 
Operation 
The 80C51 interrupt structure allows 
single-step execution with very little software 
overhead. As previously noted, an interrupt 
request will not be responded to while an 
interrupt of equal priority level is still in 
progress, nor will it be responded to after 
RETI until at least one other instruction has 
been executed. Thus, once an interrupt 
routine has been entered, it cannot be 
re-entered until at least one instruction of the 
interrupted program is executed. One way to 
use this feature for single-step operation is to 
program one of the external interrupts (e.g., 
INTO) to be level-activated. The service 


routine for the interrupt will terminate with the 
following code: 


JNB 
P3.2,$ 
;Wait Till INTO Goes High 
JB 
P3.2,$ 
;Wait Till INTO Goes Low 
RETI 
;Go Back and Execute One 
Instruction 


Now if the INTO pin, which is also the P3.2 
pin, is held normally low, the CPU will go right 
into the External Interrupt 0 routine and stay 
there until INTO is pulsed (from low to high to 
low). Then it will execute RETI, go back to 
the task program, execute one instruction, 
and immediately re-enter the External 
Interrupt 0 routine to await the next pulsing of 
P3.2. One step of the task program is 
executed each time P3.2 is pulsed. 


Reset 
The reset input is the RST pin, which is the 
input to a Schmitt Trigger. A reset is 
accomplished by holding the RST pin high for 
at least two machine cycles (24 oscillator 
periods), while the oscillator is running. The 
CPU responds by generating an internal 
reset, with the timing shown in Figure 21. 


The external reset signal is asynchronous to 
the internal clock. The RST pin is sampled 
during State 5 Phase 2 of every machine 
cycle. The port pins will maintain their current 
activities for 19 oscillator periods after a logic 
1 has been sampled at the RST pin; that is, 
for 19 to 31 oscillator periods after the 
external reset signal has been applied to the 
RST pin. 


The internal reset algorithm writes Osto all 
the SFRs except the port latches, the Stack 
Pointer, and SBUF. The port latches are 
initialized to FFH, the Stack Pointer to 07H, 
and SBUF is indeterminate. Table 1 lists the 
SFR reset values. The internal RAM is not 
affected by reset. On power up the RAM 
content is indeterminate. 
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REGISTER 
RESET VALUE 


PC 
OOOH 
ACC 
OOH 
B 
OOH 
PSW 
OOH 


SP 
07H 
DPTR 
OOOOH 
Po-P3 
FFH 
IP 
XXXOOOOOB 
IE 
OXXOOOOOB 
TMOD 
OOH 
TCON 
OOH 
THO 
OOH 
TLO 
OOH 


TH1 
OOH 
TL1 
OOH 
SCON 
OOH 
SBUF 
Indeterminate 
PCON(NMOS) 
OXXXXXXXB 
PCON (CMOS) 
OXXXOOOOB 


Power-on 
Reset 
An automatic reset can be obtained when 
Vcc is turned on by connecting the RST pin 


to Vcc through a 10l!f capacitor and to V55 
through an 8.2k resistor. providing the Vcc 
rise time does not exceed 1 millisecond and 
the oscillator start-up time does not exceed 
10 milliseconds. This power-on reset circuit is 
shown in Figure 22. The CMOS devices do 
not require the 8.2k pulldown resistor. 
although its presence does no harm. 


When power is turned on. the circuit holds 
the RST pin high for an amount of time that 
depends on the value of the capacitor and 


the rate at which it charges. To ensure a good 
reset. the RST pin must be high long enough 
to allow the oscillator time to start-up 
(normally a few ms) plus two machine cycles. 


Note that the port pins will be in a random 
state until the oscillator has started and the 
internal reset algorithm has written Is to 
them. 


With this circuit. reducing Vcc quickly to 0 
causes the RST pin voltage to momentarily 
fall below OV.However. this voltage is 
internally limited. and will not harm the 
device. 


Power-Saving 
Modes of 
Operation 
For applications where power consumption is 
critical the CMOS version provides power 
reduced modes of operation as a standard 
feature. The power down mode in NMOS 
devices is no longer a standard feature. 


CMOS Power Reduction 
Mode 
CMOS versions have two power reducing 
modes. Idle and Power Down. The input 
through which backup power is supplied 
during these operations is Vcc. Figure 23 
shows the internal circuitry which implements 
these features. In the Idle modes (IDL = 1). 
the oscillator continues to run and the 
Interrupt. Serial Port. and Timer blocks 
continue to be clocked. but the clock signal is 
gated off to the CPU. In Power Down (PD = 
1l. the oscillator is frozen. The idle and 
Power Down Modes are activated by selting 
bits in Special Function Register PCON. The 
address of this register;s 87H. Figure 24 
details its contents. 


In the NMOS devices the PCON register only 
contains SMOD. The other four bits are 
implemented only in the CMOS devices. User 
software should never write 1s to 
unimplemented bits. since they may be used 
in other 80C51 Family products. 


Idle Mode 
An instruction that sets PCON.O causes that 
to be the last instruction executed before 
going into the Idle mode. the internal clock 
signal is gated off to the CPU but not to the 
Interrupt. Timer. and Serial Port functions. 
The CPU status is preserved in its entirety; 
the Stack Pointer. Program Counter. Program 
Status Word. Accumulator. and all other 
registers maintain their data during Idle. The 
port pins hold the logical states they had at 
the time Idle was activated. ALE and ~ 
hold at logic high levels. 


There are two ways to terminate the Idle. 
Activation of any enabled interrupt will cause 
PCON.O to be cleared by hardware. 
terminating the Idle mode. The interrupt will 
be serviced. and following RETI. the next 
instruction to be executed will be the one 
following the instruction that put the device 
into Idle. 


The flag bits GFO and GF1 can be used to 
give an indication if an interrupt occurred 
during normal operation or during an idle. For 
example. an instruction that activates Idle can 
also set one or both flag bits. When Idle is 
terminated by an interrupt. the interrupt 
service 
routine can examine 
the flag bits. The 


other way of terminating the Idle mode is with 
a hardware reset. Since the clock oscillator is 
still running. the hardware reset needs to be 
held active for only two machine cycles (24 
oscillator periods) to complete the reset. 


Interrupt, 
Serial 
Port, 
Timer 
Blocks 


going into the Power Down mode. In the 
Power Down mode, the on-chip oscillator is 
stopped. With the clock frozen, all functions 
are stopped, the contents of the on-chip RAM 
and Special Function Registers are 
maintained. The port pins output the vaiues 
held by their respective SFRs. The ALE and 
J5Srn output are held low. 


The only exit from Power Down is a hardware 
reset. Reset redefines all the SFRs, but does 
not change the on-chip RAM. 


In the Power Down mode of operation, Vcc 
can be reduced to as low as 2V. Care must 
be taken, however, to ensure that Vcc is not 
reduced before the Power Down mode is 
invoked, and that Vcc is restored to its 
normal 
operating 
level, before 
the Power 


Down mode is terminated. The reset that 
terminates Power Down also frees the 
oscillator. The reset should not be activated 
before Vcc is restored to its normal operating 


PCON.6 


PCON.S 


PCON.4 


PCON.3 


PCON.2 


PCON.1 


PCON.O 


Double 
Baud 
rate bit. When 
set to a 1 and Timer 
1 Is used to gen- 


erate baud rale, and the Serial 
Port Is used In modes 
1, 2, or 3. 


Reserved. 


Reserved. 


Reserved. 


General-purpose 
flag bit. 


General-purpose 
flag bit. 


Power-Down 
bit. SeUlng 
this bIt activates 
power-down 
operation. 


Idle mode 
bit. SeUlng 
this bit activates 
Idle mode 
operation. 


111s are wrluen 
to PD and IDL at the same 
time, PD takes 
precedence. 
The reset value 
of PCON 
Is (OXXXOOOO). 
In the NMOS 
devices, 
the PCON 
register 
only contains 
SMOD. 
The other 
four bits are Implemented 
only In the CMOS 
devices. 
User software 
should 
never write 
18 to unlmplemented 
bits, since they 
may be used In future 
products. 


The signal at the RST pin clears the IDL bit 
directly and asynchronously. At this time the 
CPU resumes program execution from where 
it left off; that is, at the instruction following 
the one that invoked the Idle Mode. As shown 
in Figure 21, two or three machine cycles of 
program execution may take piace before the 
internal reset algorithm takes control. On-chip 
hardware inhibits access to the internal RAM 
during this time, but access to the port pins is 
not inhibited, so, the insertion of 3 NOP 
instructions is recommended following the 
instruction that invokes idle mode. To 
eliminate the possibility of unexpected 
outputs at the port pins, the instruction 
following the one that invokes Idle should not 
be one that writes to a port pin or to extemal 
Data RAM. 


Power-Down 
Mode 
An instruction that sets PCON.1 causes that 
to be the last instruction executed before 


level, and must be held active long enough to 
allow the oscillator to restart and stabilize 
(normally less than 10ms). 


ONCE Mode 
The ONCE ("on-circuit emulation") mode 
facilitates testing and debugging of systems 
using the device without the device having to 
be removed from the circuit. The ONCE 
mode is invoked by: 
1. Pull ALE low while the device in in reset 
and J5Srn is high; 


2. 
Hold ALE low as RST is deactivated. 


While the device is in the ONCE mode, the 
Port 0 pins go into a float state, and the other 
port pins and ALE and J5Srn are weakly 
pulled high. The 
oscillator 
circuit remains 


active. While the device is in this mode, an 
emulator or test CPU can be used to drive 
the circuit. Normal operation is restored after 
a normal reset is applied. 


NMOS Version 
The on-chip oscillator circuitry for the NMOS 
members of the 80C51 family is a single 
stage linear inverter (Figure 25), intended for 
use as a crystal-controlled, 
positive 


reactance oscillator (Figure 26). In this 
application the crystal is operated in its 
fundamental response mode as an inductive 
reactance in parallel resonance with 
capacitance external to the crystal. 


The crystal specifications and capacitance 
values (C1 and C2 in Figure 26) are not 
critical. 30pF can be used in these positions 
at any frequency with good quality crystals. A 
ceramic resonator can be used in place of the 
crystal in cost-sensitive applications. When a 
ceramic resonator is used, C1 and C2 are 
normally selected to be of somewhat higher 
values, typically, 47pF. The manufacturer of 
the ceramic resonator should be consulted 
for recommendation on the values of these 
capacitors. 


To drive the NMOS parts with an external 
clock source, apply the external clock signal 
to XTAL2, and ground XTAL1, as shown in 
Figure 27. A pullup resistor may be used (to 
increase noise margin), but is optional if VOH 
of the driving gate exceeds the V1Hminimum 
specification of XTAL. 


CMOS Versions 
The on-chip oscillator circuitry for the 80C51 , 
shown in Figure 28, consists of a single stage 
linear inverter intended for use as a 
crystal-controlled, positive reactance 
oscillator in the same manner as the NMOS 
parts. However, there are some important 
differences. 


One difference is that the 80C51 is able to 
turn off its oscillator under software control 
(by writing a 1 to the PD bit in PCON). 
Another (Iifference is that, in the 80C51 , the 
internal clocking circuitry is driven by the 
signal at XTAL1, whereas in the NMOS 
versions it is by the signal at XTAL2. 


The feedback resistor Rf in Figure 28 
consists of paralleled n- and p-channel FETs 


controlled by the PD bit, such that Rf is 
opened when PD = 1. The diodes D1 and D2, 
which act as clamps to Vcc and Vss, are 
parasitic to the Rf FETs. The oscillator can be 
used with the same external components as 
the NMOS versions, as shown in Figure 29. 
Typically, C1 = C2 = 30pF when the feedback 
element is a quartz crystal, and C1 = C2 = 
47pF when a ceramic resonator is used. 


When a crystal is used at frequencies above 
25MHz, C1 and C2 should be in the range of 
20pF to 25pF. 


To drive the CMOS parts with an external 
clock source, apply the external clock signal 
to XTAL1, and leave XTAL2 float, as shown 
in Figure 30. 


The reason for this change from the way the 
NMOS part is driven can be seen by 
comparing Figures 26 and 28. In the NMOS 
devices the internal timing circuits are driven 
by the signal at XTAL2. In the CMOS devices 
the internal timing circuits are driven by the 
signal at XTAL1. 
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Internal Timing 
Figures 31 through 34 show when the various 
strobe and port signals are clocked internally. 
The figures do not show rise and fall times of 
the signals, nor do they show propagation 
delays between the XTAl2 signal and events 
at other pins. 


Rise and fall times are dependent on the 
external loading that each pin must drive. 
They are often taken to be something in the 
neighborhood of 1Ons, measured between 
0.8V and 2.0V. 


Propagation delays are different for different 
pins. For a given pin they vary with pin 
loading, temperature, Vcc, and 
manufacturing lot. If the XTAl2 waveform is 
taken as the timing reference, prop delays 
may vary up to ±200%. 


The AC Timings section of the data sheets do 
not reference any timing to the XTAl2 
waveform. Rather, they relate the critical 
edges of control and input signals to each 
other. The timings published in the data 
sheets include the effects of propagation 
delays under the specified test conditions. 


80C51 Pin Descriptions 
ALEIPROG: Address latch 
Enable output 


pulse for latching the low byte of the address 
during accesses to external memory. ALE is 
emitted at a constant rate of 1/6 of the 
oscillator frequency, for external timing or 
clocking purposes, even when there are no 
accesses to external memory. (However, one 
ALE pulse is skipped during each access to 


external Data Memory.) This pin is also the 
program pulse input (PROG) during EPROM 
programming. 


PSEN: Program Store Enable is the read 
strobe to external Program Memory. When 
the device is executing out of external 
Program Memory, PSEN is activated twice 
each machine cycle (except that two PSEN 
activations are skipped during accesses to 
external Data Memory). PSEN is not 
activated when the device is executing out of 
internal Program Memory. 


EANpp: 
When EJI is held high the CPU 
executes out of internal Program Memory 
(unless the Program Counter exceeds 
OFFFH In the 80C51). Holding EJI low forces 
the CPU to execute out of external memory 
regardless of the Program Counter value. In 
the 80C31 , EJI must be externally wired low. 
In the EPROM devices, this pin also receives 
the programming supply voltage (Vpp) during 
EPROM programming. 


XTAL 1: Input to the inverting oscillator 
amplifier. 


XTAL2: Output from the inverting oscillator 
amplifier. 


Port 0: Port 0 is an 8-bit open drain 
bidirectional port. As an open drain output 
port, it can sink eight lS TTl loads. Port 0 
pins that have 1s written to them float, and in 
that state will function as high impedance 
inputs. Port 0 is also the multiplexed 
low-order address and data bus during 
accesses to external memory. In this 


application it uses strong internal pullups 
when emitting 1s. Port 0 emits code bytes 
during program verification. In this 
application, external pullups are required. 


Port 1: Port 1 is an 8-bit bidirectionalI/O 
port 
with internal pullups. Port 1 pins that have 1s 
written to them are pulled high by the internal 
pullups, and in that state can be used as 
inputs. As inputs, port 1 pins that are 
externally being pulled low will source current 
because of the internal pullups. 


Port 2: Port 2 is an 8-bit bidirectional I/O port 
with internal pullups. Port 2 emits the 
high-order address byte during accesses to 
external memory that use 16-bit addresses. 
In this application, it uses the strong intemal 
pullups when emitting 1s. 


Port 3: Port 3 is an 8-bit bidirectional I/O port 
with internal pullups. It also serves the 
functions of various special features of the 
80C51 Family as follows: 


Port Pin 
P3.0 
P3.1 
P3.2 
P3.3 
P3.4 
P3.5 
P3.6 


Alternate 
Function 
RxD (serial input port) 
TxD (serial output port) 
lJIlTO(external interrupt 0) 
lNTf (external interrupt 1) 
TO (timer 0 external input) 
T1 (timer 1 external input) 
WR (external data memory 
write strobe) 
"AU (external data memory 
read strobe) 


Vcc: Supply voltage 
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Program 
Memory 
The 80C51 has separate address spaces for 
program and data memory. The Program 
memory can be up to 64k by1es long. The 
lower 4k can reside on-chip. Figure 1 shows 
a map of the 80C51 program memory. 


The 80C51 can address up to 64k by1esof 
data memory to the chip. The MOVX 
instruction is used to access the external 
data memory. 


The 80C51 has 128 bytes of on-chip RAM, 
piUSa number of Special Function Registers 
(SFRs). The lower 128 by1esof RAM can be 
accessed either by direct addressing (MOV 
data addr) or by indirect addressing (MOV 
@Ri). Figure 2 shows the Data Memory 
organization. 


Direct and Indirect 
Address 
Area 


The 128 by1esof RAM which can be 
accessed by both direct and indirect 
addressing can be divided into three 
segments as listed below and shown in 
Figure 3. 
1. Register Banks 0-3: Locations 0 through 


1FH (32 bytes). The device after reset 
defaults to register bank O.To use the 
other register banks, the user must select 
them in software. Each register bank 
contains eight 1-byte registers 0 through 
7. Reset initializes the stack pointer to 
location 07H, and it is incremented once 
to start from location 08H, which is the 
first register (RO)of the second register 
bank. Thus, in order to use more than one 
register bank, the SP should be initialized 
to a different location of the RAM where it 
is not used for data storage (i.e., the 
higher part of the RAM). 


2. 
Bit Addressable Area: 16 by1eshave been 
assigned for this segment, 20H-2FH. 


Each one of the 128 bits of this segment 
can be directly addressed (0-7FH). The 
bits can be referred to in two ways, both 
of which are acceptable by most 
assemblers. One way is to refer to their 
address (i.e., 0-7FH). The other way is 
with reference to by1es 20H to 2FH. Thus, 
bits 0-7 can also be referred to as bits 
20.0-20.7, and bits 8-FH are the same as 
21.0-21.7, and so on. Each of the 16 
bytes in this segment can also be 
a,ddressed as a by1e. 


3. Scratch Pad Area: 30H through 7FH are 
available to the user as data RAM. 
However, if the stack pointer has been 
initialized to this area, enough by1es 
should be left aside to prevent SP data 
destruction. 


Figure 2 shows the different segments of the 
on-chip RAM. 
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Table 1. 
80C51 Special 
Function 
Registers 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 
RESET 
VALUE 
ADDRESS 
MSB 
LSB 


ACC" 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


B" 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR 
Data 
pointer 
(2 by- 


tes) 


DPH 
Data 
pointer 
high 
83H 
OOH 


DPL 
Data 
pointer 
low 
82H 
OOH 


AF 
A8 


IE" 
Interrupt 
enable 
A8H 
EA 
EXO 
OxOOOOOOB 


BF 
B8 


IP" 
Interrupt 
priority 
B8H 
PXO 
xxOOOOOOB 


87 
80 


PO" 
PortO 
80H 
AD7 
ADO 
FFH 


97 
90 


P1" 
Port 
1 
90H 
T2 
FFH 


A7 
AO 


P2" 
Port 2 
AOH 
A15 
A8 
FFH 


B7 
BO 


P3" 
Port 3 
BOH 
RO 
Rxd 
FFH 


pCON1 
Power 
control 
87H 
SMOD 
IDL 
OxxxxxxxB 


D7 
DO 


PSW" 
Program 
status 
word 
DOH 
CY 
P 
OOH 


SBUF 
Serial 
data 
buffer 
99H 
xxxxxxxxB 


9F 
98 


SCON" 
Serial 
controller 
98H 
SMO 
RI 
OOH 


SP 
Stack 
pointer 
81H 
07H 


8F 
88 


TCON" 
TImer 
control 
88H 
TF1 
ITO 


THO 
TImer 
high 0 
8CH 
OOH 


TH1 
TImer 
high 
1 
8DH 
OOH 


TLO 
TImer 
low 0 
8AH 
OOH 


TL1 
TImer 
low 
1 
8BH 
OOH 


TMOD 
TImer 
mode 
89H 
GATE 
MO 
OOH 


NOTES: 
Bit addressable 


1. 
Bits GF1, 
GFO, PD, and 
IDL of the 
PCON 
register 
are not implemented 
on the NMOS 
8051/8031. 
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B 


ACC 


psw 


IP 


P3 


IE 


P2 


SCON 
SBUF 


P1 


TCON 
TMOD 
TLo 
TL1 
THO 
THl 


PO 
SP 
DPL 
OPH 
PCON 
t 
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Those SFRs that have their bits assigned for various functions are listed in this section. A brief description of each bit is 
provided for quick reference. For more detailed information refer to the Architecture Chapter of this book. 


CY 
AC 


CY 
PSW.7 


AC 
PSW.6 


FO 
PSW.5 


RS1 
PSW.4 


RSO 
PSW.3 


OV 
PSW.2 


PSW.1 


P 
PSW.O 


FO 
I 
RS1 
I 
RSO 


Carry Flag. 


Auxiliary Carry Flag. 


Flag 0 available to the user for general purpose. 


Register Bank selector bit 1 (SEE NOTE 1). 


Register Bank selectorbit 0 (SEE NOTE 1). 


Overflow Flag. 


Usable as a general purpose flag. 


Parity flag. SeVcleared by hardware each instruction cycle to indicate an odd/even number of '1' bus in 
the accumulator. 
NOTE: 
1. The value presented by RSOand RS1 selects the corresponding register bank. 


RS1 
RSO 
REGISTER BANK 
ADDRESS 


0 
0 
0 
OOH-07H 


0 
1 
,; 
1 
08H-OFH 


1 
0 
2 
10H-17H 


1 
1 
3 
18H-1FH 


ISMOD I~_ 
I 
GF1 
I 
GFO 


SMOD 
Double baud rate bit. IfTimer 1 is used to generate baud rate and SMOD = 1,the baud rate is doubled when the Serial 


Port is used in modes 1, 2, or 3. 


Not implemented, reserved for future use.* 


Not implemented reserved for future use.' 


Not implemented reserved for future use.* 


GF1 
General purpose flag bit. 


GFO 
General purpose flag bit. 


PD 
Power Down Bit. Selting this bit activates Power Down operation in the 80C51. (Available only in CMOS.) 


IDL 
Idle mode bit. Selling this bit activates Idle Mode operation in the 80C51. (Available only in CMOS.) 


If 1s are wrillen to PD and IDL at the same time, PD takes precedence. 
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To use any of the interrupts in the 80C51 Family, the following three steps must be taken. 


1. Set the EA (enable all) bit in the IE register to 1. 


2. Set the corresponding 
individual 
interrupt enable bit in the IE register to 1. 


3. Begin the interrupt 
service routine at the corresponding 
Vector Address of that interrupt. See Table below. 


INTERRUPT SOURCE 
VECTOR ADDRESS 


lED 
0OO3H 


TFO 
OOOBH 


IE1 
0013H 


TF1 
001BH 


RI&TI 
0023H 


In addition, for external interrupts, pins INTOand INT1 (P3.2 and P3.3) must be set to 1, and depending on whether the 
interrupt is to be level or transition activated, bits ITOor IT1 in the TCON register may need to be set to 1. 


ITx = 0 level activated 


ITx = 1 transition activated 


~E_A~ 
~E_S~_E_T_1_1 
EX1 I 
ETO I 
EXO 


Disables all interrupts. If EA = 0, no interrupt will be acknowledged. If EA = 1, each interrupt source is 
individually enabled or disabled by setting or clearing its enable bit. 


1E.6 
Not implemented, reserved for future use" 


IE.5 
Not implemented, reserved for future use" 


Enable or disable the serial port interrupt. 


Enable or disable the Timer 1 overflow interrupt. 


Enable or disable Ex1ernalInterrupt 1. 


Enable or disable the Timer 0 overflow interrupt. 


Enable or disable Ex1ernalInterrupt O. 
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In order to assign 
higher 
priority 
to an interrupt 
the corresponding 
bit in the IP register 
must be set to 1. 


Remember 
that while 
an interrupt 
service 
is in progress, 
it cannot 
be interrupted 
by a lower or same 
level interrupt. 


Priority 
within 
level is only to resolve 
simultaneous 
requests 
of the same priority 
level. 


From high to low, interrupt 
sources 
are listed below: 


IEO 
TFO 
IE1 


TF1 
RlorTI 


ps 
I 
PT1 
I 
PX1 
I 
PTO I 
PXO 


Not implemented, 
reserved 
for future 
use.' 


Not implemented, 
reserved 
for future 
use.' 


Not implemented, 
reserved 
for future 
use.' 


Defines 
the Serial 
Port interrupt 
priority 
level. 


Defines 
the Timer 
1 interrupt 
priority 
level. 


Defines 
External 
Interrupt 
1 priority 
level. 


Defines 
the Timer 
0 interrupt 
priority 
level. 


Defines 
the External 
Interrupt 
0 priority 
level. 
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I 
TF1 
TR1 


TF1 
TCON.? 


TR1 
TCON.6 


TFO 
TCON.5 


TRO 
TCONA 


IE1 
TCON.3 


IT1 
TCON.2 


IEO 
TCON.1 


ITO 
TCON.O 


TFO 
I 
TRO 


Timer 
1 overflow 
flag. Set by hardware 
when the Timer/Counter 
1 overflows. 
Cleared 
by hardware 
as 


processor 
vectors 
to the interrupt 
service 
routine. 


Timer 
1 run control 
bit. SeVcleared 
by software 
to turn Timer/Counter 
lON/OFF. 


Timer 
0 overflow 
flag. Set by hardware 
when the Timer/Counter 
0 overflows. 
Cleared 
by hardware 
as 


processor 
vectors 
to the service 
routine. 


Timer 
0 run control 
bit. SeVcleared 
by software 
to turn Timer/Counter 
0 ON/OFF. 


External 
Interrupt 
1 edge flag. Set by hardware 
when 
External 
Interrupt 
edge is detected. 
Cleared 
by 
hardware 
when 
interrupt 
is processed. 


Interrupt 
1 type control 
bit. SeVcleared 
by software 
to specify 
falling 
edgellow 
level triggered 
External 
Interrupt. 


External 
Interrupt 
0 edge flag. Set by hardware 
when 
External 
Interrupt 
edge detected. 
Cleared 
by 
hardware 
when 
interrupt 
is processed. 


Interrupt 
0 type control 
bit. SeVcleared 
by software 
to specify 
falling 
edgellow 
level triggered 
External 


Interrupt. 


TMOD: TIMER/COUNTER 
MODE CONTROL 
REGISTER. 
NOT BIT ADDRESSABLE. 


I GATE 
~ 
__ 
M_1__ 
M_O_1 
GATE 
I_C_IT 
M_1__ 
M_O_1 
, 
/, 
/ 
--------.....,.---------------v-------- 


Timer 1 
Timer 0 


When TRx (in TCON) 
is set and GATE = 1, TIMERlCOUNTERx 
will run only while INTx pin is high (hardware 
control). 


When 
GATE = 0, TIMERlCOUNTERx 
will run only while TRx = 1 (software 
control). 


Timer 
or Counter 
selector. 
Cleared 
for Timer 
operation 
(input from internal 
system 
clock). 
Set for Counter 
operation 
(input from Tx input pin). 


Mode selector 
bit. (NOTE 
1) 


Mode selector 
bit. (NOTE 
1) 


M1 


MO 


NOTE 1: 


Operating 
Mode 


o 
13-bit Timer (8048 compatible) 
1 
16-bit Timer/Counter 


2 
8-bit Auto-Reload Timer/Counter 


3 
(Timer 0) TLO is an 8-bit Timer/Counter controlled by the standart Timer 0 
control bits. THO is an8-bit Timer and is controlled by Timer 1 control bits. 


3 
(Timer 1) Timer/Counter 1 stopped. 
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Tables 2 through 
5 give some values 
for TMOD 
which 
can be used to set up Timer 
0 in different 
modes. 


It is assumed 
that only one timer 
is being 
used at a time. 
If it is desired 
to run Timers 
0 and 1 simultaneously, 
in any mode, 
the 


value 
in TMOD 
for Timer 
0 must be ORed 
with the value 
shown 
for Timer 
1 (Tables 
5 and 6). 


For example, 
if it is desired 
to run Timer 
0 in mode 
1 GATE (external 
control), 
and Timer 
1 in mode 2 COUNTER, 
then the value 


that must be loaded 
into TMOD 
is 69H (09H from Table 3 ORed with 60H from Table 6). 


Moreover, 
it is assumed 
that the user, at this point, 
is not ready to turn the timers 
on and will do that at a different 
point in the 


program 
by setting 
bit TRx (in TCON) 
to 1. 


" 
- 
TMOD 


MODE 
TIMER 0 
INTERNAL 
EXTERNAL 


FUNCTION 
CONTROL 
CONTROL 


(NOTE 1) 
(NOTE 2) 


0 
13-bit Timer 
. 
OOH 
OBH 


1 
16-bit Timer 
01H 
09H 


2 
B-bit Auto-Reload 
02H 
- 
OAH 


3 
Two B-bit Timers 
03H 
OSH 


TMOD 


MODE 
COUNTER 0 
INTERNAL 
EXTERNAL 


FUNCTION 
CONTROL 
CONTROL 


(NOTE 1) 
(NOTE 2) 


0 
13-bit Timer 
04H 
OCH 


1 
16-bit Timer 
OSH 
ODH 


2 
B-bit Auto-Reload 
06H 
OEH 


3 
One B-bit Counter 
07H 
OFH 


NOTES: 
1. The timer is turned ON/OFF by setting/clearing bit TRO in the software. 
2. The Timer is turned ON/OFF by the 1-to-0 transition on IJ\ITO(P3.2) when TRO = 1 (hardware control). 
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TMOD 


MODE 
TIMER 1 
INTERNAL 
EXTERNAL 


FUNCTION 
CONTROL 
CONTROL 


(NOTE 1) 
(NOTE 2) 


0 
13-bit Timer 
OOH 
BOH 


1 
16-bit Timer 
10H 
90H 


2 
B-bit Auto-Reload 
20H 
AOH 


3 
Does not run 
30H 
SOH . , 


TMOD 


MODE 
COUNTER 1 
INTERNAL 
EXTERNAL 


FUNCTION 
CONTROL 
CONTROL 


(NOTE 1) 
. 
(NOTE 2) 


0 
13-bil Timer 
40H 
COH 


1 
- 
16-bit Timer 
50H 
DOH 


2 
- 
- 
B-bit Auto-Reload 
60H 
- 
EOH 


3 
Not available 
- 
- 


NOTES: 
1. The timer is turned ON/OFF by setting/clearing bit TA 1 in the software. 
2. The Timer is turned ON/OFF by the 1-to-0 transition on lJilTT (P3.2) when TR1 = 1 (hardware control). 
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I SMO 


SMO 


SM1 


SM2 


REN 


TB8 


RB8 


SM1 I 
SM2 I 
REN I 
TB8 
I_RB_8--'-_TI----'_R_I_ 


SCON.? 


SCON.6 


SCON.5 


SCON.4 


SCON.3 


SCON.2 


Serial 
Port mode specifier. 
(NOTE 
1) 


Serial 
Port mode specifier. 
(NOTE 
1) 


Enables 
the multiprocessor 
communication 
feature 
in modes 2 & 3. In mode 2 or 3, if SM2 is set to 1 then 
RI will not be activated 
if the received 
9th data bit (RB8) 
is O. In mode 
1, if SM2 = 1 then RI will not be 
activated 
if a valid stop bit was not received. 
In mode 0, SM2 should 
be O. (See Table 6.) 


SeVCleared 
by software 
to Enable/Disable 
reception. 


The 9th bit that will be transmitted 
in modes 
2 & 3. SeVCleared 
by software. 


In modes 2 & 3, is the 9th data bit that was received. 
In mode 
1, if SM2 = 0, RB8 is the stop bit that was 


received. 
In mode 0, RB8 is not used. 


Transmit 
interrupt 
flag. Set by hardware 
at the end of the 8th bit time in mode 0, or at the beginning 
of the 


stop bit in the other modes. 
Must be cleared 
by software. 


Receive 
interrupt 
flag. Set by hardware 
at the end of the 8th bit time in mode 0, or halfway 
through 
the 


stop bit time in the other 
modes 
(except 
see SM2). 
Must be cleared 
by software. 


Mode 
o 
1 


2 
3 


Description 
Shift Register 


B-bit UART 


9-bit UART 
9-bit UART 


Baud Rate 
Foscl12 
Variable 
Fosc./64 or Fosc./32 


Variable 


SERIAL 
PORT SET-UP: 


Table 6. 


MODE 
SCON 
SM2 VARIATION 


0 
10H 
Single Processor 
1 
SOH 
2 
90H 
Environment 


3 
DOH 
(SM2=O) 


0 
NA 
Multiprocessor 
1 
70H 
2 
SOH 
Environment 


3 
FOH 
(SM2= 
1) 


Mode 0 has a fixed baud rate which 
is 1/12 of the oscillator 
frequency. 
To run the serial 
port in this mode 
none of the 


Timer/Counters 
need to be set up. Only the SCON 
register 
needs to be defined. 


Baud 
Rate 
= Osc 
Freq 
12 


Serial 
Port in Mode 1: 


Mode 
1 has a variable 
baud rate. The baud rate is generated 
by Timer 
1. 
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For this purpose, 
Timer 
1 is used in mode 2 (Auto-Reload). 
Refer to Timer 
Setup section 
of this chapter. 


K x Osc 
Freq 


Baud 
Rate 
= 32 x 12 x [256 
- 
(TH1)J 


If SMOD = 0, then K = 1. 
If SMOD 
= 1, then K = 2 (SMOD 
is in the PCON 
register). 


Most of the time the user knows 
the baud 
rate and needs to know the reload 
value for TH 1. 


TH1 
= 256 
_ 
K x Osc 
Freq 
384 
x baud 
rate 


TH1 must be an integer 
value. 
Rounding 
off TH1 to the nearest 
integer 
may not produce 
the desired 
baud rate. In this case, the 


user may have to choose 
another 
crystal 
frequency. 


Since the PCON 
register 
is not bit addressable, 
one way to set the bit is logical 
ORing 
the PCON 
register 
(i.e., ORL 


PCON,#80H). 
The address 
of PCON 
is 87H. 


The baud rate is fixed 
in this mode and is 1/32 or 1/64 of the oscillator 
frequency, 
depending 
on the value 
of the SMOD 
bit in 
the PCON 
register. 


In this mode 
none of the Timers 
are used and the clock 
comes 
from the internal 
phase 2 clock. 


SMOD = 1, Baud 
Rate = 1/32 Osc Freq. 


SMOD = 0, Baud 
Rate = 1/64 Osc Freq. 


To set the SMOD 
bit: ORL 
PCON,#80H. 
The address 
of PCON 
is 87H. 
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80C51 Instruction 
Set Summary 


Interrupt Response Time: Refer to Hardware Description Chapter. 


Instructions 
that Affect Flag Settings(1) 


Instruction 
Flag 
Instruction 
Flag 


C 
OV 
AC 
C 
OV 
AC 
ADD 
X 
X 
X 
CLRC 
0 
ADDC 
X 
X 
X 
CPLC 
X 
SUBB 
X 
X 
X 
ANLC,bit 
X 
MUL 
0 
X 
ANL C,/bit 
X 
DIV 
0 
X 
ANL C,bit 
X 
DA 
X 
ORL C,/bit 
X 
RRC 
X 
MOVC,bit 
X 
RLC 
X 
CJNE 
X 
SETBC 
1 


Rn 


direct 


@Ri 


#data 


#data 16 


addr 16 


Notes on instruction 
set and addressing 
modes: 


Register R7-ROof the currently selected Register Bank. 


8-bit internal data location's address. This could be an Internal Data RAM location (0-127) or a SFR [I.e., \/0 port, 
control register, status register, etc. (128-255)]. 


8-bit internal data RAM location (0-255) addressed indirectly through register R1 or RO. 


8-bit constant included in the instruction. 


16-bit constant included in the instruction 


16-bit destination address. Used by LCALL and LJMP. A branch can be anywhere within the 64k-byte Program 
Memory address space. 


11-bit destination address. Used by ACALL and AJMP. The branch will be within the same 2k-byte page of 
program memory as the first byte of the following instruction. 


Signed (two's complement) 8-bit offset byte. Used by SJMP and all conditional jumps. Range is -128 to +127 
bytes relative to first byte of the following instruction. 


Direct Addressed bit in Internal Data RAM or Special Function Register. 


ARITHMETIC OPERATIONS 


ADD 
A,Rn 


ADD 
A,direct 


ADD 
A,@Ri 


ADD 
A,#data 


ADDC 
A,Rn 


ADDC 
A,direct 


ADDC 
A,@Ri 


ADDC 
A,#data 


SUBB 
A,Rn 


SUBB 
A,direct 


SUBB 
A,@Ri 


SUBB 
A,#data 


INC 
A 


INC 
Rn 


DESCRIPTION 
BYTE 
OSCILLATOR 
PERIOD 


Add register to Accumulator 
1 
12 


Add direct byte to Accumulator 
2 
12 


Add indirect RAM to Accumulator 
1 
12 


Add immediate data to Accumulator 
2 
12 


Add register to Accumuiator with carry 
1 
12 


Add direct byte to Accumulator with carry 
2 
12 


Add indirect RAM to Accumulator with carry 
1 
12 


Add immediate data to Aee with carry 
2 
12 


Subtract Register from Aee with borrow 
1 
12 


Subtract direct byte from Aee with borrow 
2 
12 


Subtract indirect RAM from Ace with borrow 
1 
12 


Subtract immediate data from Ace with borrow 
2 
12 


Increment Accumulator 
1 
12 


Increment register 
1 
12 
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ARITHMETIC OPERATIONS (Continued) 


INC 
direct 
Increment direct byte 


INC 
@Ri 
Increment indirect RAM 


DEC 
A 
Decrement Accumulator 


DEC 
Rn 
Decrement Register 


DEC 
direct 
Decrement direct byte 


DEC 
@Ri 
Decrement indirect RAM 


INC 
DPTR 
Increment Data Pointer 


MUL 
AS 
Multiply A and S 


DIV 
AS 
Divide A by S 


DA 
A 
Decimal Adjust Accumulator 


LOGICAL OPERATIONS 


ANL 
A,Rn 
AND Register to Accumulator 


ANL 
A,direct 
AND direct byte to Accumulator 


ANL 
A,@Ri 
AND indirect RAM to Accumulator 


ANL 
A,#data 
AND immediate data to Accumulator 


ANL 
direct,A 
AND Accumulator to direct byte 


ANL 
direct,#data 
AND immediate data to direct byte 


ORL 
A,Rn 
OR register to Accumulator 


ORL 
A,direct 
OR direct byte to Accumulator 


ORL 
A,@Ri 
OR indirect RAM to Accumulator 


ORL 
A,#data 
OR immediate data to Accumulator 


ORL 
direct,A 
OR Accumulator to direct byte 


ORL 
direct,#data 
OR immediate data to direct byte 


XRL 
A,Rn 
Exclusive-OR register to Accumulator 


XRL 
A,direct 
Exclusive-OR direct byte to Accumulator 


XRL 
A,@Ri 
Exclusive-OR indirect RAM to Accumulator 


XRL 
A,#data 
Exclusive-OR immediate data to Accumulator 


XRL 
direct,A 
Exclusive-OR Accumulator to direct byte 


XRL 
direct,#data 
Exclusive-OR immediate data to direct byte 


CLR 
A 
Clear Accumulator 


CPL 
A 
Complement Accumulator 


RL 
A 
Rotate Accumulator left 


RLC 
A 
Rotate Accumulator left through the carry 


RR 
A 
Rotate Accumulator right 


RRC 
A 
Rotate Accumulator right through the carry 


SWAP 
A 
Swap nibbles within the Accumulator 


DATA TRANSFER 


MOV 
A,Rn 
Move register to Accumulator 


MOV 
A,direct 
Move direct byte to Accumulator 


MOV 
A,@Ri 
Move indirect RAM to Accumulator 


OSCILLATOR 


PERIOD 


12 


12 


12 


All mnemonics copyrighted © Intel Corporation 1980 
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Table 7. 
80C51 Instruction 
Set Summary 
(Continued) 


MNEMONIC 
DESCRIPTION 
BYTE 
OSCILLATOR 
PERIOD 


DATA TRANSFER (Continued) 


MOV 
A,#data 
Move immediate data to Accumulator 
2 
12 


MOV 
Rn,A 
Move Accumulator to register 
1 
12 


MOV 
Rn,direct 
Move direct by1eto register 
2 
24 


MOV 
RN,#data 
Move immediate data to register 
2 
12 


MOV 
direct,A 
Move Accumulator to direct by1e 
2 
12 


MOV 
direct,Rn 
Move register to direct by1e 
2 
24 


MOV 
direct,direct 
Move direct by1eto direct 
3 
24 


MOV 
direct,@Ri 
Move indirect RAM to direct by1e 
2 
24 


MOV 
direct,#data 
Move immediate data to direct by1e 
3 
24 


MOV 
@Ri,A 
Move Accumulator to indirect RAM 
1 
12 


MOV 
@Ri,direct 
Move direct by1eto indirect RAM 
2 
24 


MOV 
@Ri,#data 
Move immediate data to indirect RAM 
2 
12 


MOV 
DPTR,#data16 
Load Data Pointer with a 16-bit constant 
3 
24 


MOVC 
A,@A+DPTR 
Move Code byte relative to DPTR to Aee 
24 


MOVC 
A,@A+PC 
Move Code by1e relative to PC to Ace 
24 


MOVX 
A,@Ri 
Move external RAM (8-bit addr) to Ace 
1 
24 


MOVX 
A,@DPTR 
Move external RAM (16-bit addr) to Aee 
1 
24 


MOVX 
A,@Ri,A 
Move Ace to external RAM (8-bit addr) 
1 
24 


MOVX 
@DPTR,A 
Move Ace to external RAM (16-bit addr) 
1 
24 


PUSH 
direct 
Push direct by1eonto stack 
2 
24 


POP 
direct 
Pop direct by1efrom stack 
2 
24 


XCH 
A,Rn 
Exchange register with Accumulator 
1 
12 


XCH 
A,direct 
Exchange direct by1ewith Accumulator 
2 
12 


XCH 
A,@Ri 
Exchange indirect RAM with Accumulator 
12 


XCHD 
A,@Ri 
Exchange low-order digit indirect RAM with Aee 
12 


BOOLEAN VARIABLE MANIPULATION 


CLR 
C 
Clear carry 
12 


CLR 
bit 
Clear direct bit 
2 
12 


SETB 
C 
Set carry 
1 
12 


SETB 
bit 
Set direct bit 
2 
12 


CPL 
C 
Cornplement carry 
12 


CPL 
bit 
Complement direct bit 
2 
12 


ANL 
C,bit 
AN D direct bit to carry 
2 
24 


ANL 
C,/bit 
AN D complement of direct bit to carry 
2 
24 


ORL 
C,bit 
OR direct bit to carry 
2 
24 


ORL 
C,/bit 
OR complement of direct bit to carry 
2 
24 


MOV 
C,bit 
Move direct bit to carry 
2 
12 


MOV 
bit,C 
Move carry to direct bit 
2 
24 


JC 
rei 
Jump if carry is set 
2 
24 


JNC 
rei 
Jump if carry not set 
2 
24 


All mnemonics copyrighted © Intel Corporation 1980 
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Table 7. 
80C51 Instruction 
Set Summary 
(Continued) 


MNEMONIC 
DESCRIPTION 
BYTE 
OSCILLATOR 


PERIOD 


BOOLEAN VARIABLE MANIPULATION (Continued) 


JB 
rei 
Jump if direct bit is set 
2 
24 


JNB 
rei 
Jump if direct bit is not set 
2 
24 


JBC 
bit,rel 
Jump if direct bit is set and clear bit 
3 
24 


PROGRAM BRANCHING 


ACALL 
addr11 
Absolute subroutine call 
2 
24 


LCALL 
addr16 
Long subroutine call 
3 
24 


RET 
Return from subroutine 
1 
24 


RETI 
Return from interrupt 
1 
24 


AJMP 
addr11 
Absolute jump 
2 
24 


LJMP 
addr16 
Long jump 
3 
24 


SJMP 
rei 
Short jump (relative addr) 
2 
24 


JMP 
@A+DPTR 
Jump indirect relative to the DPTR 
1 
24 


JZ 
rei 
Jump if Accumulator is zero 
2 
24 


JNZ 
rei 
Jump if Accumulator is not zero 
2 
24 


CJNE 
A,direct,rel 
Compare direct byte to Ace and jump if not equal 
3 
24 


CJNE 
A,#data,rel 
Compare immediate to Ace and jump if not equal 
3 
24 


CJNE 
RN,#data,rel 
Compare immediate to register and jump if not 
3 
24 
equal 


CJNE 
@Ri,#data,rel 
Compare immediate to indirect and jump if not 
3 
24 
equal 


DJNZ 
Rn,rel 
Decrement register and jump if not zero 
2 
24 


DJNZ 
direct, rei 
Decrement direct byte and jump if not zero 
3 
24 


NOP 
No operation 
1 
12 
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ACALL 
addr11 


Function: 
Absolute 
Call 


Description: 
ACALL 
unconditionally 
calls a subroutine 
located 
at the indicated 
address. 
The instruction 
increments 


the PC twice 
to obtain the address 
of the following 
instruction, 
then pushes 
the 16-bit 
result onto the 


stack 
(low-order 
by1e first) and increments 
the Stack 
Pointer 
twice. 
The destination 
address 
is obtained 
by successively 
concatenating 
the five high-order 
bits of the incremented 
PC, opcode 
bits 7-5, and the 
second 
by1e of the instruction. 
The subroutine 
called 
must therefore 
start within 
the same 2k block of the 
program 
memory 
as the first by1e of the instruction 
following 
ACALL. 
No flags are affected. 


Example: 
Initially 
SP equals 
07H. The label "SUBRTN" 
is at program 
memory 
location 
0345 
H. After executing 
the 
instruction, 


ACALL 
SUBRTN 


at location 
0123H, 
SP will contain 
09H, internal 
RAM locations 
08H and 09H will contain 
25H and 01 H, 


respectively, 
and the PC will contain 
0345H. 


Bytes: 
2 


Cycles: 
2 


Encoding: 


Operation: 


I a10a9 
a8 1 I 0 
0 
0 
1 


ACALL 
(PC) f- (PC) + 2 
(SP) f- (SP) + 1 
(SP) f- (PCl-O) 
(SP) f- (SP) + 1 
(SP) f- (PC1S-S) 
(PC10-0) f- page address 


I a7 
a6 
a5 a4 I a3 
a2 
a1 aO I 
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ADD 
A,<src-byte> 


Function: 
Add 


Description: 
ADD adds the byte variable 
indicated 
to the Accumulator, 
leaving 
the result in the Accumulator. 
The carry 


and auxiliary-carry 
flags are set, respectively, 
if there 
is a carry-out 
from bit 7 or bit 3, and cleared 


otherwise. 
When 
adding 
unsigned 
integers, 
the carry flag indicates 
an overflow 
occurred. 


OV is set if there 
is a carry-out 
of bit 6 but not out of bit 7, or a carry-out 
of bit 7 but not bit 6; otherwise 
OV 
is cleared. 
When 
adding 
signed 
integers, 
OV indicates 
a negative 
number 
produced 
as the sum of two 


positive 
operands, 
or a positive 
sum from two negative 
operands. 


Four source 
operand 
addressing 
modes 
are allowed: 
register, 
direct, 
register-indirect, 
or immediate. 


Example: 
The Accumulator 
holds oC3H 
(11000011 B) and register a holds oAAH 
(1010101 oB). The instruction, 


ADD 
A,Ro 


will leave 
6DH (01101101 B) in the Accumulator 
with the AC flag cleared 
and both the Carry flag and OV 
setto 
1. 


ADD 
A,Rn 


Bytes: 


Cycles: 


Encoding: 


Operation: 
10 
a 
1 a 


ADD 
(A) ~ 
(A) + (Rn) 


ADD 
A,direct 


Bytes: 
2 


Cycles: 


Encoding: 


Operation: 


10 
a 
1 a 
I a 


ADD 
(A) ~ 
(A) + (direct) 


I direct 
address I 


ADD 
A,@Ri 


Bytes: 


Cycles: 


Encoding: 


Operation: 


10 
a 
1 a 
I a 


ADD 
(A) ~ 
(A) + ((Ri)) 


ADD 
A,#data 


Bytes: 
2 


Cycles: 


Encoding: 
I a 
a 
1 a 
I_o 
o_o~ 


Operation: 
ADD 
(A) ~ 
(A) + #data 


I immediate 
datal 
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ADDC 
A,<src-byte> 


Function: 
Add with Carry 


Description: 
ADDC simultaneously adds the byte variable indicated, the carry flag and the Accumulator contents, 
leaving the result in the Accumulator. The carry and auxiliary-carry flags are set, respectively, if there is a 
carry-out from bit 7 or bit 3, and cleared otherwise. When adding unsigned integers, the carry flag 
indicates an overflow occurred. 


OV is set if there is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 7 but not out of bit 6; 
otherwise OV is cleared. When adding signed integers, OV indicates a negative number produced as the 
sum of two positive operands, or a positive sum from two negative operands. 


Four source operand addressing modes are allowed: register, direct, register-indirect, or immediate. 


Example: 
The Accumulator holds OC3H(11000011B) and register 0 holds OAAH(10101010B) with the carry flag set. 
The instruction, 


ADDC 
A,RO 


will leave 6EH (01101110B) in the Accumulator with AC cleared and both the Carry flag and OV set to 1. 


ADDC 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
10 
0 
1 
1 
11 
r 
r 


Operation: 
ADDC 
(A) f- (A) + (C) + (Rn) 


ADDC 
A,direct 


Bytes: 
2 


Cycles: 


Encoding: 
10 
0 
1 
1 I 0 
0 
1 


Operation: 
ADDC 
(A) f- (A) + (C) + (direct) 


ADDC 
A,@Ri 


Bytes: 


Cycles: 


Encoding: 
10 
0 
1 
1 
10 


Operation: 
ADDC 
(A) f- (A) + (C) + ((Rill 


ADDC 
A,#data 


Bytes: 
2 


Cycles: 


Encoding: 
10 
0 
1 
1 
10 
0 
0 


Operation: 
ADDC 
(A) f- (A) + (C) + #data 


I direct address I 


Iimmediate dataI 
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AJMP 
addr11 


Function: 
Absolute 
Jump 


Description: 
AJMP 
transfers 
program 
execution 
to the indicated 
address, 
which 
is formed 
at run-time 
by concatenating 
the high-order 
five bits of the PC (afterincrementing 
the PC twice), 
opcode 
bits 7-5, and the second 
byte 
of the instruction. 
The destination 
must therefore 
be within 
the same 2k block of program 
memory 
as the 
first byte of the instruction 
following 
AJMP. 


Example: 
The label "JMPADR" 
is at program 
memory 
location 
0123H. 
The instruction, 


AJMP 
JMPADR 


is at location 
0345H 
and will load the PC with 0123H. 


Bytes: 
2 


Cycles: 
2 


Encoding: 


Operation: 
I al0 
a9 
a8 
0 I 0 
0 
0 
1 


AJMP 
(PC) +- (PC) + 2 
(PC1O-0) +- page address 


I a7 
a6 
as a4 I a3 
a2 
al 
aO I 


ANL 
<dest-byte>,<src-byte> 


Function: 
Logical-AND 
for byte variables 


Description: 
ANL performs 
the bitwise 
logical-AND 
operation 
between 
the variables 
indicated 
and stores 
the results 
in 
the destination 
variable. 
No flags are affected. 


The two operands 
allow six addressing 
mode combinations. 
When the destination 
is the Accumulator, 
the 
source 
can use register, 
direct, 
register-indirect, 
or immediate 
addressing; 
when the destination 
is a direct 
address, 
the source 
can be the Accumulator 
or immediate 
data. 


Note: When 
this instruction 
is used to modify 
an output 
port, the value 
used as the original 
port data will 
be read from the output 
data latch, not the input pins. 


Example: 
If the Accumulator 
holds OC3H (11000011 B) and register 
0 holds 55H (01010101 
B) then the instruction, 


ANL 
A,RO 


will leave 41 H (01000001 
B) in the Accumulator. 


When 
the destination 
is a directly 
addressed 
byte, this instruction 
will clear combinations 
of bits in any 
RAM location 
or hardware 
register. 
The mask byte determining 
the pattern 
of bits to be cleared 
would 
either 
be a constant 
contained 
in the instruction 
or a value 
computed 
in the Accumulator 
at run-time. 
The 
instruction, 


ANL 
Pl ,#0111 001 B 


will clear bits 7, 3, and 2 of output 
port 1. 
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ANL 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
10 
0 
1 
r 
r 


Operation: 
ANL 
(A) ~ 
(A) 1\ (Rn) 


ANL 
A,direct 


Bytes: 
2 


Cycles: 


Encoding: 
10 
0 
1 
10 
0 
1 
I direct address I 


Operation: 
ANL 
(A) ~ 
(A) 1\ (direct) 


ANL 
A,@Ri 


Bytes: 


Cycles: 


Encoding: 
10 
0 
1 


10 
1 
i 


Operation: 
ANL 
(A) ~ 
(A) 1\ ((Rj)) 


ANL 
A,#data 


Bytes: 
2 


Cycles: 


Encoding: 
10 
0 
1 


10 
0 
0 I I immediate 
data I 


Operation: 
ANL 
(A) ~ 
(A) 1\ #data 


ANL 
direct,A 


Bytes: 
2 


Cycles: 


Encoding: 
10 
0 
1 
10 
0 
1 
0 I I direct address I 


Operation: 
ANL 
(A) ~(direct) 
1\ 
(A) 


ANL 
direct,#data 


Bytes: 
3 


Cycles: 
2 


Encoding: 


Operation: 
I 0 
0 
1 
1_0_0 __ 


ANL 
(direct) 
~(direct) 
1\ #data 


I direct address I I immediate 
data I 
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ANL 
C,<src-bib 


Function: 
Logical-AND for bit variables 


Description: 
If the Boolean value of the source bit is a logical 0 then clear the carry flag; otherwise leave the carry flag 
in its current state. A slash ("r) preceding the operand in the assembly language indicates that the logical 
complement of the addressed bit is used as the source value, but the source 
bit itself is not affected. 
No 
other flags are affected. 


Only direct addressing is allowed for the source operand. 


Example: 
Set the carry flag if, and only if, P1.0 = 1, ACC.7 = 1, and OV = 0: 


MOV 
C,P1.0 
;LOAD CARRY WITH INPUT PIN STATE 


ANL 
C,ACC.7;AND CARRY WITH ACCUM. BIT 7 


ANL 
C,/OV 
;AND WITH INVERSE OF OVERFLOW FLAG 


ANL 
C,bit 


Bytes: 
2 


Cycles: 
2 


Encoding: 
11 
0 
0 
0 I 0 
0 
1 
0 


1 
1 
bit address 


Operation: 
ANL 
(C) f- (C) /\ (bit) 


ANL 
C,lbit 


Bytes: 
2 


Cycles: 
2 


Encoding: 
11 
0 
1 
1 I 0 
0 
0 
0 


1 
1 
bit address 


Operation: 
ANL 
(C) f- (C) /\ l(bit) 
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CJNE 
<dest-byte>,<src-byte>,rel 


Function: 
Compare 
and Jump 
if Not Equal 


Description: 
CJNE compares 
the magnitudes 
of the first two operands, 
and branches 
if their values 
are not equal. 
The 


branch 
destination 
is computed 
by adding 
the signed 
relative-displacement 
in the last instruction 
byte to 
the PC, after incrementing 
the PC to the start of the next instruction. 
The carry flag is set if the unsigned 


integer 
value 
of <dest-byte> 
is less than the unsigned 
integer 
value 
of <src-byte>; 
otherwise, 
the carry is 


cleared. 
Neither 
operand 
is affected. 


The first two operands 
allow four addressing 
mode combinations: 
the Accumulator 
may be compared 
with 


any directly 
addressed 
byte or immediate 
data, and any indirect 
RAM location 
or working 
register 
can be 


compared 
with an immediate 
constant. 


Example: 
The Accumulator 
contains 
34H. 
Register 
7 contains 
56H. The first instruction 
in the sequence, 


CJNE 
R7,#60H,NOT 
_EO 
R7 = 60H. 
NOT_EO 
JC 
REO_LOW 
IF R7 < 60H. 
R7> 
60H. 


sets the carry flag and branches 
to the instruction 
at label NOT_EO. 
By testing 
the carry flag, this 
instruction 
determines 
whether 
R7 is greater 
or less than 60H. 


If the data being presented 
to Port 1 is also 34H, then the instruction, 


WAIT: 
CJNE 
A,P1,WAIT 


clears 
the carry flag and continues 
with the next instruction 
in sequence, 
since the Accumulator 
does 
equal the data read from P1. (If some other value was being 
input on P1, the program 
will loop at this 
point until the P1 data changes 
to 34H.) 


CJNE 
A,direct,rel 


Bytes: 
3 


Cycles: 
2 


Encoding: 
11 
0 
1 
1 
I 0 


Operation: 
(PC) ~ 
(PC) + 3 


IF (A) < > (direct) 
THEN 


I direct address I I reI. address 


(PC) ~ 
(PC) + relative 
offset 


IF (A) < 
(direct) 


THEN. 


(C)~1 


(C)~O 
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CJNE 
A,#data,rel 


Bytes: 
3 


Cycles: 
2 


Encoding: 


Operation: 
11 
0 
1 1 10 


(PC) f- (PC) + 3 
IF (A) < > data 
THEN 


o 01 
1 immediate 
data 
I 
1 reI. address 


(C)f-1 


(C) f- 0 


CJNE 
Rn,#data,rel 


Bytes: 
3 


Cycles: 
2 
r rJ 
Encoding: 


Operation: 


11 
0 
1 
1 


(PC) f- (PC) + 3 
IF (Rn) < > data 
THEN 


Iimmediate 
data I I reI. ?ddr~ss 


(PC) f- (PC) + relative 
offset 


IF (Rn) < data 
THEN 
(C) f- 1 


(C) f- 0 


CJNE 
@Ri,#data,rel 


Bytes: 
3 


Cycles: 
2 


Encoding: 


Operation: 
11 
0 
1 1 
10 


(PC) f- (PC) + 3 
IF ((Ri)) < > data 
THEN 


1 iJ 
1 immediate 
data I 
1 reI. address 


(PC) f- (PC) + relative 
offset 


IF ((Ri)) < data 
THEN 
(C) f- 1 


(C) f-O 
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Function: 


Description: 


Example: 


Clear Accumulator 


The Accumulator is cleared (all bits reset to zero). No flags are affected. 


The Accumulator contains SCH (010111OOB).The instruction, 


CLR 
A 


will leave the Accumulator set to OOH(OOOOOOOOB). 


Bytes: 


Cycles: 


Encoding: 


Operation: 


11 
1 
0 
1_0__ 
0_0_ 


CLR 
(A) f-O 


CLR 
bit 


Function: 
Clear bit 


Description: 
The indicated bit is cleared (reset to zero). No other flags are affected. CLR can operate on the carry flag 
or any directly addressable bit. 


Example: 
Port 1 has previously been written with SDH (01011101B). The instruction, 


CLR 
P1.2 


will leave the port set to S9H (01011001B). 


CLR 
C 


Bytes: 


Cycles: 


Encoding: 
11 
0 
0 
10 
0 
1 
1 


Operation: 
CLR 
(C) f- 0 


CLR 
bit 


Bytes: 
2 


Cycles: 


Encoding: 
11 
0 
0 
10 
0 
1 
0 I 
I 
bit address 


Operation: 
CLR 
(bil) f-O 


Function: 
Complement 
Accumulator 


Description: 
Each bit of the Accumulator 
is logically 
complemented 
(one's 
complement). 
Bits which 
previously 
contained 
a one are changed 
to a zero and vice-versa. 
No flags are affected. 


Example: 
The Accumulator 
contains 
5CH (01011100B). 
The instruction, 


CPL 
A 


will leave the Accumulator 
set to OA3H (10100011 
B). 


Bytes: 


Cycles: 


Encoding: 
11 
1 
1 I_o 
o_o~ 


CPL 
(A) f- 1 (A) 


Function: 
Complement 
bit 


Description: 
The bit variable 
specified 
is complemented. 
A bit which 
had been a one is changed 
to zero and 
vice-versa. 
No other flags are affected. 
CLR can operate 
on the carry or any directly 
addressable 
bit. 


Note: When 
this instruction 
is used to modify 
an output 
pin, the value 
used as the original 
data will be read 
from the output 
data latch, not the input pin. 


Example: 
Port 1 has previously 
been wrillen 
with 50H 
(01011101 B). The instruction 
sequence, 


CPL 
P1.1 


CPL 
P1.2 


will leave the port set to 5BH (01011011 B). 


CPL 
C 


Bytes: 


Cycles: 


Encoding: 
11 
0 
1 
1 
10 
0 


Operation: 
CPL 
(C) f- 1 (C) 


CPL 
bit 


Bytes: 
2 


Cycles: 


Encoding: 
11 
0 
I 0 
0 
1 
0 I I 
bit address 


Operation: 
CPL 
(bit) f- 1 (bit) 
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Function: 
Decimal-adjust 
Accumulator 
for Addition 


Description: 
DA A adjusts 
the eight-bit 
value 
in the Accumulator 
resulting 
from the earlier 
addition 
of two variable 
(each 


in packed-BCD 
format), 
producing 
two four-bit 
digits. Any ADD or ADDC 
instruction 
may have been used 
to perform 
the addition. 


If Accumulator 
bits 3-0 are greater 
than nine (xxx 101 O-xxxllll), 
or if the AC flag is one, six is added 
to 


the Accumulator, 
producing 
the proper 
BCD digit in the low-order 
nibble. 
This internal 
addition 
would 
set 
the carry flag if a carry-out 
of the low-order 
four-bit 
field propagated 
through 
all high-order 
bits, but it would 
not clear the carry flag otherwise. 


If the carry flag is now set, or if the four high-order 
bits now exceed 
nine (101 Oxxx-lll 
xxxx), 
these 


high-order 
bits are incremented 
by six, producing 
the proper 
BCD digit in the high-order 
nibble. 
Again, 
this 
would 
set the carry flag if there was a carry-out 
of the high-order 
bits, but wouldn't 
clear the carry. The 


carry flag thus indicates 
if the sum of the original 
two BCD variables 
is greater 
than 
100, allowing 
multiple 


precision 
decimal 
addition. 
OV is not affected. 


All of this occurs 
during 
the one instruction 
cycle. 
Essentially, 
this instruction 
performs 
the decimal 
conversion 
by adding 
OOH, 06H, 60H, or 66H to the Accumulator, 
depending 
on initial Accumulator 
and 
PSW conditions. 


Note: DA A cannot 
simply 
convert 
a hexadecimal 
number 
in the Accumulator 
to BCD notation, 
nor does 
DA A apply to decimal 
subtraction. 


Example: 
The Accumulator 
holds the value 
56H (0101011 OB) representing 
the packed 
BCD digits 
of the decimal 
number 
56. Register 
3 contains 
the value 
67H (01100111 B) representing 
the packed 
BCD digits of the 


decimal 
number 
67. The carry flag is set.. The instruction 
sequence, 


ADDC 
A,R3 
DA 
A 


will first perform 
a standard 
two's-complement 
binary 
addition, 
resulting 
in the value 
OBEH (10111110B) 
in 
the Accumulator. 
The carry and auxiliary 
carry flags will be cleared. 


The Decimal 
Adjust 
instruction 
will then alter the Accumulator 
to the value 
24H (001001 OOB), indicating 
the packed 
BCD digits of the decimal 
number 
24, the low-order 
two digits of the decimal 
sum of 56, 67, 
and the carry-in. 
The carry flag will be set by the Decimal 
Adjust 
instruction, 
indicating 
that a decimal 


overflow 
occurred. 
The true sum 56, 67, and 1 is 124. 


BCD variables 
can be incremented 
or decremented 
by adding 
01 H or 99H. 
If the Accumulator 
initially 


holds 30H (representing 
the digits of 30 decimal), 
the the instruction 
sequence, 


ADD 
A,#99H 
DA 
A 


will leave the carry set and 29H in the Accumulator, 
since 30 + 99 = 129. The low-order 
byte of the sum 
can be interpreted 
to mean 30 - 1 = 29. 


Bytes: 


Cycles: 


o 
1 
I~o 
o_o_ 
Encoding: 


Operation: 
DA 
-<:ontents 
of Accumulator 
are BCD 
IF 
[[(As-o) > 9] v [(AC) = 1]] 
THEN(As_o) 
f- 
(A3-o) + 6 
AND 


IF 
[[(A7-4) 
> 9] v [(C) = 1]] 
THEN(A7-4) 
f- 
(A7-4) + 6 
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DEC 
byte 


Function: 
Decrement 


Description: 
The variable indicated is decremented by 1. An original value of OOHwill underflow to OFFH. No flags are 
affected. Four operand addressing modes are allowed: accumulator, register, direct, or register-indirect. 


Note: When this instruction is used to modify an output port, the value used as the original data will be 
read from the output data latch, not the input pin. 


Example: 
Aegister 0 contains 7FH (01111111B).Internal AAM locations 7EH and 7FH contain OOHand 40H, 
respectively. The instruction sequence, 


DEC 
@AO 


DEC 
AO 


DEC 
@AO 


will leave register 0 set to 7EH and internal AAM locations 7EH and 7FH set to OFFHand 3FH. 


DEC 
A 


Bytes: 


Cycles: 


Encoding: 
I 0 
0 
0 
1 I 0 
0 
0 


Operation: 
DEC 
(A) f- 
(A)-1 


DEC 
Rn 


Bytes: 


Cycles: 


Encoding: 


Operation: 


DEC 
direct 


Bytes: 
2 


Cycles: 


Encoding: 


Operation: 


DEC 
@Ri 


Bytes: 


Cycles: 


Encoding: 


Operation: 


10 
0 
0 
1 


DEC 
(An) f- (An) - 1 


I 0 
0 
0 
1 
I_O 
O_1~1 
I direct address I 


DEC 
(direct) f- 
(direct) - 1 


10 
0 
0 
1 
I_o__ 
~ 


DEC 
((Ai)) f- ((Ai)) - 
1 
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Function: 
Divide 


Description: 
DIV 
AB divides 
the unsigned 
eight-bit 
integer 
in the Accumulator 
by the unsigned 
eight-bit 
integer 
in 
register 
B. 


The Accumulator 
receives 
the integer 
part of the quotient; 
register 
B receives 
the integer 
remainder. 
The 
carry and OV flags will be cleared. 


Exception: 
if B had originally 
contained 
OOH, the values 
returned 
in the Accumulator 
and B-register 
will be 
undefined 
and the overflow 
flag will be set. The carry flag is cleared 
in any case. 


Example: 
The Accumulator 
contains 
251 (OFBH or 11111011B) 
and B contains 
18 (12H or 00010010B). 
The 
instruction, 


DIV 
AB 


will leave 
13 in the Accumulator 
(ODH or 00001101 
B) and the value 
17 (11 H or 00010001 
B) in B, since 
251 = (13 x 18) + 17. Carry and OV will both be cleared. 


Bytes: 


Cycles: 
4 


Encoding: 


Operation: 


11 
0 
0 
0 I_o__ 
o_o~ 


DIV 
(A)15-8 f- (A)/(B) 
(Bh·o 
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DJNZ 
<byte>,<rel-addr> 


Function: 
Decrement 
and Jump 
if Not Zero 


Description: 
DJNZ decrements 
the location 
indicated 
by 1, and branches 
to the address 
indicated 
by the second 
operand 
if the resulting 
value 
is not zero. An original 
value 
of OOH will underflow 
to OFFH. No flags are 


affected. 
The branch 
destination 
would 
be computed 
by adding 
the signed 
relative-displacement 
value 
in 


the last instruction 
byte to the PC, after incrementing 
the PC to the first byte of the following 
instruction. 


The location 
decremented 
may be a register 
or directly 
addressed 
byte. 


Note: When 
this instruction 
is used to modity 
an output 
port, the value 
used as the original 
port data will 
be read from the output 
data latch, not the input pins. 


Example: 
Internal 
RAM locations 
40H, 50H, and 60H contain 
the values 
01 H, 70H, and 15H, respectively. 
The 
instruction 
sequence, 


DJNZ 
40H,LABEL_1 
DJNZ 
50H,LABEL_2 
DJNZ 
60H,LABEL_3 


will cause 
a jump to the instruction 
at LABEL_2 
with the values 
OOh, 6FH, and 15H in the three 
RAM 
locations. 
The tirst jump was not taken 
because 
the result was zero. 


This instruction 
provides 
a simple 
was of executing 
a program 
loop a given 
number 
of times, 
or for adding 


a moderate 
time delay 
(from 2 to 512 machine 
cycles) 
with a single 
instruction. 
The instruction 
sequence, 


MOV 
R2,#8 
TOGGLE: 
CPL 
P1.7 
DJNZ 
R2,TOGGLE 


will toggle 
P1. 7 eight times, 
causing 
four output 
pulses 
to appear 
at bit 7 of output 
Port 1. Each pulse will 
last three 
machine 
cycles, 
two for DJNZ and one to alter the pin. 


DJNZ 
Rn,rel 


Bytes: 
2 


Cycles: 
2 


Encoding: 


Operation: 


11 
0 
1 
1_1 
r_r_1 
1 
reI. address 
I 


DJNZ 
(PC) f- 
(PC) + 2 


(Rn) f- 
(Rn) 
- 
1 
IF (Rn) > 0 or (Rn) < 0 
THEN 


DJNZ 
direct, 
rei 


Bytes: 
3 


Cycles: 
2 


Encoding: 
11 
o 
1 
1_0 
0_1_1 
I 
direct data 
I I 
reI. address 


Operation: 
DJNZ 
(PC) f- 
(PC) + 2 


(direct) 
f- 
(direct) 
- 1 


IF (direct) 
> 0 or (direct) 
< 0 
THEN 


(PC) 
f- 
(PC) + rei 
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INC 
<byte> 


Function: 
Increment 


Description: 
INC increments 
the indicated 
variable 
by 1. An original 
value 
of OFFH will overflow 
to OOH. No flags 
are 
affected. 
Three 
addressing 
modes 
are allowed: 
register, 
direct, 
or register-indirect. 


Note: When 
this instruction 
is used to modify 
an output 
port, the value 
used as the original 
port data will 


be read from the output 
data latch, notthe input pins. 


Example: 
Register 
0 contains 
7EH (011111108). 
Internal 
RAM locations 
7EH and 7FH contain 
OFFH and 40H, 


respectively. 
The instruction 
sequence, 


INC 
@RO 


INC 
RO 
INC 
@RO 


will leave 
register 
0 set to 7FH and internal 
RAM locations 
7EH and 7FH holding 
(respectively) 
OOH and 
41H. 


INC 
A 


Bytes: 


Cycles: 


Encoding: 
10 
0 
0 
0 
10 


Operation: 
INC 
(A) (- 
(A) + 1 


INC 
Rn 


Bytes: 


Cycles: 


Encoding: 
10 
0 
0 
0 


Operation: 
INC 
(Rn) 
(- 
(Rn) + 1 


INC 
direct 


Bytes: 
2 


Cycles: 


Encoding: 
10 
0 
0 
0 
10 


Operation: 
INC 
(direct) 
(- 
(direct) 
+ 1 


INC 
@Ri 


Bytes: 


Cycles: 


Encoding: 
10 
0 
0 
0 
10 


Operation: 
INC 
((Ri)) (- 
((Ri)) 
+ 1 


____ 
0_1_1 
I direct address I 
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Function: 
Increment Data Pointer 


Description: 
Increment the 16-bit data pointer by 1. A 16-bit increment (modulo 216) is performed; an overflow of the 
low-order byte of the data pointer (DPL) from OFFHto OOHwill increment the high-order byte (DPH). No 
flags are affected. 


This is the only 16-bit register which can be incremented. 


Example: 
Registers DPH and DPL contain 12H and OFEH, respectively. The instruction sequence, 


INC 
DPTR 
INC 
DPTR 
INC 
DPTR 


will change DPH and DPL to 13H and 01H. 


Bytes: 


Cycles: 
2 


Encoding: 
11 
0 
1 
0 
I 0 
0 
1 
1] 


Operation: 
INC 
(DPTR) ~ 
(DPTR) + 1 


JB 
bit,rel 


Function: 
Jump if Bit set 


Description: 
If the indicated bit is a one, jump to the address indicated; otherwise proceed with the next instruction. The 
branch destination is computed by adding the signed relative-displacement in the third instruction byte to 
the PC, after incrementing the PC to the first byte of the next instruction. The bit tested 
is not modified. 
No 
flags are affected. 


Example: 
The data present at input port 1 is 11001010B. The Accumulator holds 56 (01010110B). The instruction 
sequence, 


JB 
P1.2,LABEL1 


JB 
ACC.2,LABEL2 


will cause program execution to branch to the instruction at label LABEL2. 


Bytes: 
3 


Cycles: 
2 


Encoding: 
1~0 
__ 0__ 1_0__ 
0__ 0__ 0_0_1 
I 
bit address I I reI. address 


Operation: 
JB 
(PC) ~ 
(PC) + 3 
IF (bit) = 1 
THEN 
(PC) ~ 
(PC) + rei 
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JBC 
bit,rel 


Function: 
Jump if Bit is set and Clear bit 


Description: 
If the indicated bit is a one, branch to the address indicated; otherwise proceed with the next instruction. 
The bit will not be cleared 
if it is already 
a zero. The branch destination is computed by adding the signed 
relative-displacement in the third instruction byte to the PC, after incrementing the PC to the first byte of 
the next instruction. No flags are affected. 


Note: When this instruction is used to test an output pin, the value used as the original data will read from 
the output data latch, not the input pin. 


Example: 
The Accumulator holds 56H (01010110B). The instruction sequence; 


JBC 
ACC.3,LABEL 1 
JBC 
ACC.2,LABEL2 


will cause program execution to continue at the instruction identified by the LABEL2, with the Accumulator 
modified to 52H (0101001OB). 


Bytes: 
3 


Cycles: 
2 
I 0 
0 
0 
1 I 0 
0 
0 
0 I I 
bit address I I reI. address 
Encoding: 


Operation: 
JBC 
(PC) (- (PC) + 3 
IF (bit) = 1 
THEN 


(bit) (-0 
(PC) (- (PC) + rei 


JC 
rei 


Function: 
Jump if Carry is set 


Description: 
If the carry flag is set, branch to the address indicated; otherwise proceed with the next instruction. The 
branch destination is computed by adding the signed relative-displacement in the second instruction byte 
to the PC, after incrementing the PC twice. No flags are affected. 


Example: 
The carry flag is cleared. The instruction sequence, 


JC 
LABEL1 
CPL 
C 
JC 
LABEL2 


will set the carry and cause program execution to continue at the instruction identified by the label 
LABEL2. 


Bytes: 
2 


Cycles: 
2 


10 
0 
0 
10 
o 
0 
0 I I 
reI. address I 
Encoding: 


Operation: 
JC 
(PC) (- (PC) + 2 
IF(C) = 1 
THEN 
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Function: 
Jump indirect 


Description: 
Add the eight-bit unsigned contents of the Accumulator with the sixteen-bit data pointer, and load the 
resulting sum to the program counter. This will be the address for subsequent instruction fetches. 
Sixteen-bit addition is performed (modulo 216): a carry-out from the low-order eight bits propagates 
through the higher-order bits. Neither the Accumulator nor the Data Pointer is altered. No flags are 
affected. 


Example: 
An even number from 0 to 6 is in the Accumulator. The following sequence of instructions will branch to 
one of four AJMP instructions in a jump table starting at JMP_TBL: 


MOV 
DPTR,#JMP_TBL 


JMP 
@A+DPTR 


JMP_TBL: 
AJMP 
LABELO 
AJMP 
LABELl 


AJMP 
LABEL2 


AJMP 
LABEL3 


If the Accumulator equals 04H when starting this sequence, execution will jump to label LABEL2. 
Remember that AJMP is a two-byte instruction, so the jump instructions start at every other address. 


Bytes: 


Cycles: 
2 


Encoding: 


Operation: 
10 
1 
1 
10 


JMP 
(PC) ~ 
(A) + (DPTR) 


JNB 
bit,rel 


Function: 
Jump if Bit Not set 


Description: 
If the indicated bit is a zero, branch to the indicated address; otherwise proceed with the next instruction. 
The branch destination is computed by adding the signed relative-displacement in the third instruction 
byte to the PC, after incrementing the PC to the first byte of the next instruction. The bit tested 
is not 
modified. 
No flags are affected. 


Example: 
The data present at input port 1 is 1100101OB.The Accumulator holds 56H (0101011OB).The instruction 
sequence, 


JNB 
Pl.3,LABEL 1 
JNB 
ACC.3,LABEL2 


will cause program execution to continue at the instruction at label LABEL2. 


Bytes: 
3 


Cycles: 
2 
I 0 
0 
1 
1 I 0 
0 
0 
0 I I 
bit address I I reI. address 
Encoding: 


Operation: 
JNB 
(PC) ~ 
(PC) + 3 
IF (bit) =0 
THEN 
(PC) ~ 
(PC) + rei 
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JNC 
rei 


Function: 
Jump 
if Carry 
Not set 


Description: 
If the carry flag is a zero, branch 
to the address 
indicated; 
otherwise 
proceed 
with the next instruction. 
The 
branch 
destination 
is computed 
by adding 
the signed 
relative-displacement 
in the second 
instruction 
byte 
to the PC, after incrementing 
the PC twice to point to the next instruction. 
The carry flag is not modified. 


Example: 
The carry flag is set. The instruction 
sequence, 


JNC 
LABEL1 
CPL 
C 
JNC 
LABEL2 


will clear the carry and cause 
program 
execution 
to continue 
at the instruction 
identified 
by the label 


LABEL2. 


Bytes: 
2 


Cycles: 
2 


Encoding: 
1_0 
0_1_1 
0 
0 
0 
0 
1 
1 
reI. address 
I 


Operation: 
JNC 
(PC) r- (PC) + 2 
IF (C) = 0 
THEN 
(PC) r- (PC) + rei 


Function: 
Jump 
if Accumulator 
Not Zero 


Description: 
If any bit of the Accumulator 
is a one, branch 
to the indicated 
address; 
otherwise 
proceed 
with the next 
instruction. 
The branch 
destination 
is computed 
by adding 
the signed 
relative-displacement 
in the second 
instruction 
byte to the PC, after incrementing 
the PC twice. 
The Accumulator 
is not modified. 
No flags 
are 
affected. 


Example: 
The Accumulator 
originally 
holds OOH. The instruction 
sequence, 


JNZ 
LABEL1 
INC 
A 
JNZ 
LABEL2 


will set the Accumulator 
to 01 H and continue 
at label LABEL2. 


Bytes: 
2 


Cycles: 
2 


Encoding: 


Operation: 


101110000 


JNZ 
(PC) r- (PC) + 2 
IFA~O 
THEN 
(PC) r- (PC) + rei 


1 
1 
reI. address 
I 
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JZ 
rei 


Function: 


Description: 


Bytes: 


Cycles: 


Encoding: 
I 0 


Jump 
if Accumulator 
Zero 


If all bits of the Accumulator 
are zero, branch 
to the indicated 
address; 
otherwise 
proceed 
with the next 
instruction. 
The branch 
destination 
is computed 
by adding 
the signed 
relative-displacement 
in the second 
instruction 
byte to the PC, after incrementing 
the PC twice. 
The Accumulator 
is not modified. 
No flags are 
affected. 


The Accumulator 
originally 
holds 01 H. The instruction 
sequence, 


JZ 
LABEL1 


DEC 
A 
JZ 
LABEL2 


will change 
the Accumulator 
to OOH and cause 
program 
execution 
to continue 
at the instruction 
identified 
by the label LABEL2. 


2 


2 


1 
0 I 0 
0 
0 
0 I I 
reI. address 
I 


Operation: 
JZ 
(PC) ~ 
(PC) + 2 
IFA=O 
THEN 
(PC) ~ 
(PC) + rei 


LCALL 
addr16 


Function: 
Long Call 


Description: 
LCALL 
calls a subroutine 
located 
at the indicated 
address. 
The instruction 
adds three to the program 
counter 
to generate 
the address 
of the next instruction 
and then pushes 
the 16-bit result onto the stack 
(low byte first), 
incrementing 
the Stack 
Pointer 
by two. The high-order 
and low-order 
bytes of the PC are 
then loaded, 
respectively, 
with the second 
and third bytes of the LCALL 
instruction. 
Program 
execution 
continues 
with the instruction 
at this address. 
The subroutine 
may therefore 
begin anywhere 
in the full 
64k-byte 
program 
memory 
address 
space. 
No IIags are affected. 


Example: 
Initially 
the Stack 
Pointer 
equals 
07H. The label "SUBRTN" 
is assigned 
to program 
memory 
location 
1234H. 
After executing 
the instruction, 


LCALL 
SUBRTN 


at location 
0123H, 
the Stack 
Pointer 
will contain 
09H, internal 
RAM locations 
08H and 09H will contain 
26H and 01 H, and the PC will contain 
1235H. 


Bytes: 
3 


Cycles: 
2 


10 
0 
0 
1 
I 0 
0 
1 
0 I 
I 
addr15-addr8 
I 
I 
addr7-addrO 
I 
Encoding: 


Operation: 
LCALL 
(PC) ~ 
(PC) + 3 
(SP) ~ 
(SP) + 1 


((SP)) 
~ 
(PC7-0) 
(SP) ~ 
(SP) + 1 
((SP)) 
~ 
(PC1s-a) 
(PC) ~ 
addr1S_0 
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LJMP 
addr16 
(Implemented 
in 87C751 and 87C752 for in-circuit 
emulation only.) 


Function: 
Long Jump 


Description: 
LJMP causes an unconditional branch to the indicated address, by loading the high-order and low-order 
bytes of the PC (respectively) with the second and third instruction bytes. The destination may therefore 
be anywhere in the full 64k program memory address space. No flags are affected. 


Example: 
The label "JMPADR" is assigned to the instruction at program memory location 1234H. The instruction, 


LJMP 
JMPADR 


at location 0123H will load the program counter with 1234H. 


Bytes: 
3 


Cycles: 
2 


Encoding: 


Operation: 


1 0 
0 
0 
0 
1 0 
0 
1 
0 
1 
1 addr15-addr8 
1 


LJMP 
(PC) t- addr15.Q 


1 
addr7-addrO 
1 


MOV 
<dest-byte>,<src-byte> 


Function: 
Move byte variable 


Description: 
The byte variable indicated by the second operand is copied into the location specified by the first 
operand. The source byte is not affected. No other register or flag is affected. 


This is by far the most flexible operation. Fifteen combinations of source and destination addressing 
modes are allowed. 


Example: 
Internal RAM location 30H holds 40H. The value of RAM location 40H is 10H. The data present at input 
port 1 is 11001010B (OCAH).The instruction sequence, 


MaV 
RO,#30H 
;RO< = 30H 
MaV 
A,@RO 
;A < = 40H 
MaV 
R1,A 
;R1 < = 40H 
MaV 
B,@R1 
;B < = 10H 
MaV 
@R1,P1 
;RAM (40H) < = OCAH 
MaV 
P2,P1 
;P2 #OCAH 


leaves the value 30H in register 0, 40H in both the Accumulator and register 1, 10H in register B, and 
OCAH (11001010B) both in RAM location 40H and output on port 2. 


MOV 
A,Rn 


Bytes: 


Cycles: 


Encoding: 


Operation: 


11 
1 
0 


MaV 
(A) t- 
(Rn) 
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'MOV 
A,direct 


Bytes: 
2 


Cycles: 
1 


Encoding: 
11 
1 
0 I 0 
0 
1 
1 
1 direct address I 


Operation: 
MOV 
(A) ~ 
(direct) 


MOV 
A,@Ri 


Bytes: 


Cycles: 


Encoding: 
11 
1 
0 


10 


Operation: 
MOV 
(A) ~ 
((Rj)) 


MOV 
A,#data 


Bytes: 
2 


Cycles: 
1 


Encoding: 
10 
1 
1 


10 
0 oj 
I immediate data 1 


Operation: 
MOV 
(A) ~ 
#data 


MOV 
Rn,A 


Bytes: 


Cycles: 


Encoding: 
11 
1 
1 
11 
r 
r 


Operation: 
MOV 
(Rn)~ 
(A) 


MOV 
Rn,direct 


Bytes: 
2 


Cycles: 
2 


Encoding: 
11 
0 
1 
0 


Operation: 
MOV 
(Rn)~ 
(direct) 


MOV 
Rn,#data 


Bytes: 
2 


Cycles: 
1 


Encoding: 
10 
1 
1 
11 


Operation: 
MOV 
(Rn) ~ 
#data 


Idirect address 
1 


1 immediate data 1 
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MOV 
direct,A 


Bytes: 
2 


Cycles: 
1 


Encoding: 
11 
1 
1 
10 
0 
1 
1 direct address 
1 


Operation: 
MOV 
(direct) +- (A) 


MOV 
direct,Rn 


Bytes: 
2 


Cycles: 
2 


Encoding: 
11 
0 
0 a 
r 
r 
Idirect address 
I 


Operation: 
MOV 
(direct) +- (Rn) 


MOV 
direct,direct 


Bytes: 
3 


Cycles: 
2 


Encoding: 
11 
0 
0 
0 
10 
0 
1 
I 
1 dir. addr. (src) 
I 
I dir. addr. (dest) 1 


Operation: 
MOV 
(direct) +- (direct) 


MOV 
direct,@Ri 


Bytes: 
2 


Cycles: 
2 


Encoding: 
11 
0 
0 
0 
10 
1 direct address 
I 


Operation: 
MOV 
(direct) +- ((Ri)) 


MOV 
direct,#data 


Bytes: 
3 


Cycles: 
2 


Encoding: 
10 
1 
1 
10 
0 
1 
I 
1 direct address 
I I immediate dataI 


Operation: 
MOV 
(direct) +- #data 


MOV 
@Ri,A 


Bytes: 


Cycles: 


Encoding: 
11 
1 
1 I a 


Operation: 
MOV 
((Ri)) +- (A) 


March1994 
111 
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MOV 
@Ri,direct 


Bytes: 
2 


Cycles: 
2 


Encoding: 
11 
0 
1 
0 
10 
1 iJ 
1direct address I 


Operation: 
MoV 
((Rj)) r 
(direct) 


MOV 
@Ri,#data 


Bytes: 
2 


Cycles: 


Encoding: 
10 
1 
1 I 0 
Iimmediate data 1 


Operation: 
MoV 
((Rj)) r 
#data 


MOV 
<dest-bit>,<src-bit> 


Function: 
Move bit data 


Description: 
The Boolean variable indicated by the second operand Is copied into the location specified by the first 
operand. One of the operands must be the carry flag; the other may be any directly addressable bit. No 
other register or flag is affected. 


Example: 
The carry flag is originally set. The data present at input Port 3 is 11000101B. The data previously written 
to output Port 1 is 35H (00110101B). The instruction sequence, 


MoV 
P1.3.C 
MoV 
C.P3.3 
MoV 
P1.2.C 


will leave the carry cleared and change Port 1 to 39H (00111001B). 


MOV 
C,bit 


Bytes: 
2 


Cycles: 


Encoding: 
11 
0 
1 
0 
10 
0 
1 oj 


Operation: 
MoV 
(C)r 
(bit) 


MOV 
bit,C 


Bytes: 
2 


Cycles: 
2 


Encoding: 
11 
0 
0 
1 
1 0 
0 
1 oj 


Operation: 
MoV 
(bit)r 
(C) 
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Load Data Pointer 
with a 16-bit constant 


The Data Pointer 
is loaded 
with the 16-bit constant 
indicated. 
The 16-bit constant 
is loaded 
into the 


second 
and third bytes of the instruction. 
The second 
byte (DPH) 
is the high-order 
byte, while the third 
byte (DPL) 
holds the low-order 
byte. No flags are affected. 


This is the only instruction 
which 
moves 
16 bits of data at once. 


The instruction, 


MOV 
DPTR,#1234H 


will load the value 
1234H 
into the Data Pointer: 
DPH will hold 12H and DPL will hold 34H. 


Bytes: 
3 


Cycles: 
2 


Encoding: 


Operation: 


10 
0 
0 
0 
I 
immed. 
data15-81 
I 
immed. 
data7-0 
I 


MOV 


(DPTR) +- (#data15_0) 


DPH 0 DPL +- #data15_sD 
#data7_0 


MOVC 
A,@A+<base-reg> 


Function: 
Move Code 
byte 


Description: 
The MOVC 
instructions 
load the Accumulator 
with a code byte, or constant 
from program 
memory. 
The 
address 
of the byte fetched 
is the sum of the original 
unsigned 
eight-bit 
Accumulator 
contents 
and the 


contents 
of a sixteen-bit 
base register, 
which 
may be either the Data Pointer 
or the PC. In the latter case, 


the PC is incremented 
to the address 
of the following 
instruction 
before 
being 
added 
with the Accumulator; 


otherwise 
the base register 
is not altered. 
Sixteen-bit 
addition 
is performed 
so a carry-out 
from the 
low-order 
eight bits may propagate 
through 
higher-order 
bits. No flags 
are affected. 


Example: 
A value 
between 
0 and 3 is in the Accumulator. 
The following 
instructions 
will translate 
the value 
in the 
Accumulator 
to one of four values 
defined 
by the DB (define 
byte) directive: 


REL_PC: 
INC 
A 
MOVC 
A,@A+PC 
RET 
DB 
66H 
DB 
77H 
DB 
88H 
DB 
99H 


If the subroutine 
is called 
with the Accumulator 
equal to 01 H, it will return with 77H in the Accumulator. 
The INC A before 
the MOVC 
instruction 
is needed 
to "get around" 
the RET instruction 
above 
the table. 
If 
several 
bytes of code separated 
the MOVC 
from the table, the corresponding 
number 
would 
be added 
to 


the Accumulator 
instead. 


MOVC 
A,@A+DPTR 


Bytes: 


Cycles: 
2 


Encoding: 
11 
0 
0 
1 I 0 
0 
1 
1 


Operation: 
MOVC 
(A) +- ((A) + (DPTR)) 
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MOVC 
A,@A+PC 


Bytes: 


Cycles: 
2 
11 
0 
00 
1_0_0__ 1J 
Encoding: 


Operation: 
MOVC 
(PC) f-- 
(PC) + 1 
(A) f-- «A) + (PC)) 


MOVX 
<dest-byte>,<src-byte> 
(Not implemented in the 8XC752 or 8XC752) 


Function: 
Move External 


Description: 
The MOVX 
instructions 
transfer 
data between 
the Accumulator 
and a byte of external 
data memory, 
hence 
the "X" appended 
to MOV. There 
are two types 
of instructions, 
differing 
in whether 
they provide 
an 
eight-bit 
or sixteen-bit 
indirect 
address 
to the external 
data RAM. 


In the first type, the contents 
of RO or R1 in the current 
register 
bank provide 
an eight-bit 
address 
multiplexed 
with data on PO. Eight bits are sufficient 
for external 
I/O expansion 
decoding 
or for a relatively 
small 
RAM array. For somewhat 
larger 
arrays, 
port pins can be used to output 
higher-order 
address 
bits. 
These 
pins would 
be controlled 
by an output 
instruction 
preceding 
the MOVX. 


In the second 
type of MOVX 
instruction, 
The Data Pointer 
generates 
a sixteen-bit 
address. 
P2 outputs 
the 
high-order 
eight address 
bits (the contents 
of DPH) while 
PO multiplexes 
the low-order 
eight bits (DPL) 
with data. The P2 Special 
Function 
Register 
retains 
its previous 
contents 
while the P2 output 
buffers 
are 
emitting 
the contents 
of DPH. This form 
is faster 
and more efficient 
when 
accessing 
very large data arrays 
(up to 64k bytes), 
since 
no additional 
instructions 
are needed 
to set up the output 
ports. 


It is possible 
in some situations 
to mix the two MOVX 
types. 
A large RAM array with its high-order 
address 
lines driven 
by P2 can be addressed 
via the Data Pointer, 
or with code to output 
high-order 
address 
bits to 
P2 followed 
by a MOVX 
instruction 
using 
RO or R 1. 


Example: 
An external 
256 byte RAM using multiplexed 
address/data 
lines is connected 
to the 8051 
Port O. Port 3 
provides 
control 
lines for the external 
RAM. 
Ports 1 and 2 are used for normal 
I/O. Registers 
0 and 1 
contain 
12H and 34H. 
Location 
34H of the external 
RAM holds the value 
56H. The instruction 
sequence, 


MOVX 
A,@R1 
MOVX 
@RO,A 


copies 
the value 
56H into both the Accumulator 
and external 
RAM location 
12H. 


MOVX 
A,@Ri 


Bytes: 


Cycles: 
2 


Encoding: 
11 
1 
0 
10 
0 


Operation: 
MOVX 
(A) f-- 
«Rj)) 


MOVX 
A,@DPTR 


Bytes: 
1 


Cycles: 
2 


Encoding: 
11 
1 
0 
0 
0 
0 oj 


Operation: 
MOVX 
(A) f-- 
«DPTR)) 


March 1994 
114 


80C51 family programmer's guide 
and instruction set 


MOVX 
@Ri,A 


Bytes: 


Cycles: 
2 


Encoding: 
11 
1 
1 
10 
0 
1 
i 


Operation: 
MOVX 
((Rj)) f- 
(A) 


MOVX 
@DPTR,A 


Bytes: 
1 


Cycles: 
2 


Encoding: 
11 
1 
1 
10 
0 
0 
0 


Operation: 
MOVX 
((DPTR)) 
f- 
(A) 


Function: 
Multiply 


Description: 
MUL 
AB multiplies 
the unsigned 
eight-bit 
integers 
in the Accumulator 
and register 
B. The low-order 
byte 


of the sixteen-bit 
product 
is left in the Accumulator, 
and the high-order 
byte in B. If the product 
is greater 
than 255 (OFFH) the overflow 
flag is set; otherwise 
it is cleared. 
The carry flag is always 
cleared. 


Example: 
Originally 
the Accumulator 
holds the value 
80 (SOH). Register 
B holds the value 
160 (OAOH).The 
instruction, 


MUL 
AB 


will give the product 
12,800 
(3200H), 
so B is changed 
to 32H (0011001 OB) and the Accumulator 
is 


cleared. 
The overflow 
flag is set, carry 
is cleared. 


Bytes: 


Cycles: 
4 


Encoding: 


Operation: 


11 
0 
1 
0 
10 


MUL 
(Ah-o f- 
(A) x (B) 
(B)15-8 
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Function: 


Description: 


Example: 


Bytes: 


Cycles: 


Encoding: 


Operation: 


No Operation 


Execution continues at the following instruction. Other than the PC, no registers or flags are affected. 


It is desired to produce a low-going output pulse on bit 7 of Port 2 lasting exactly 5 cycles. A simple 
SETB/CLR sequence would generate a one-cycle pulse, so four additional cycles must be inserted. This 
may be done (assuming are enabled) with the instruction sequence, 


CLR 
P2.7 
NOP 
NOP 
NOP 
NOP 
SETB 
P2.7 


1000010000 


NOP 
(PC) f- 
(PC) + 1 


ORL 
<dest-byte>,<src-byte> 


Function: 
Logical-OR for byte variables 


Description: 
ORL performs the bitwise logical-OR operation between the indicated variables, storing the results in the 
destination byte. No flags are affected. 


The two operands allow six addressing mode combinations. When the destination is the Accumulator, the 
source can use register, direct, register-indirect, or immediate addressing; when the destination is a direct 
address, the source can be the Accumulator or immediate data. 


Note: 
When this instruction is used to modify an output port, the value used as the original port data will 
be read from the output data latch, not the input pins. 


Example: 
If the Accumulator holds OC3H(11000011B) and ROholds 55H (01010101B) then the instruction, 


ORL 
A,RO 


will leave the Accumulator holding the value OD7H(11010111B). 


When the destination is a directly addressed byte, the instruction can set combinations of bits in any RAM 
location or hardware register. The paUern of bits to be set is determined by a mask byte, which may be 
either a constant data value in the instruction or a variable computed in the Accumulator at run-time. The 
instruction, 


ORL 
P1,#00110010B 


will set bits 5, 4, and 1 of output Port 1. 


ORL 
A,Rn 


Bytes: 


Cycles: 


Encoding: 


Operation: 


10 
0 
0 
11 


ORL 
(A) f- 
(A) v (Rn) 


r 
r ] 
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ORL 
A,direct 


Bytes: 
2 


Cycles: 


Encoding: 


Operation: 


10 
0 
0 
10 


ORL 
(A) ~ 
(A) v (direct) 


Idirect address 
I 


ORL 
A,@Ri 


Bytes: 


Cycles: 


Encoding: 


Operation: 


10 
0 
0 I 0 


ORL 
(A) ~ 
(A) v ((Ri)) 


ORL 
A,#data 


Bytes: 
2 


Cycles: 


Encoding: 
10 
0 
0 
10 
0 
0 
I 
I immediate 
data I 


Operation: 
ORL 
(A) ~ 
(A) v #data 


ORL 
direct,A 


Bytes: 
2 


Cycles: 


Encoding: 
10 
0 
0 


10 
0 
1 
0 
I 
I direct address 
I 


Operation: 
ORL 
(direct)~ 
(direct) 
v (A) 


ORL 
direct,#data 


Bytes: 
3 


Cycles: 
2 


Encoding: 


Operation: 
I 0 
0 
0 
l_o__ o 
~1 I direct address I 
I immediate 
data I 


ORL 
(direct) 
~ 
(direct) 
v #data 


80C51 family programmer's 
guide 


and instruction 
set 


ORL 
C,<src-bit> 


Function: 
Logical-ORfor bit variables 


Description: 
Set the carry flag if the Booleanvalue is a logical 1; leave the carry in its current state otherwise. A slash 
("r) precedingthe operand in the assembly language indicatesthat the logical complement of the 
addressed bit is used as the source value, but the source bit itself is not affected. No other flags are 
affected. 


Example: 
Set the carry flag if and only if P1.0 = 1, ACC.? = 1, or OV = 0: 


ORL 
C,P1.0 
;LOAD CARRYWITH INPUT PIN P10 


ORL 
C,ACC.? 
;OR CARRYWITH THE ACC. BIT? 


ORL 
C,IOV 
;OR CARRYWITH THE INVERSEOF OV. 


ORL 
C,bit 


Bytes: 
2 


Cycles: 
2 


Encoding: 


Operation: 


10 
1 
1 
1_0__ 0_1_0_1 
1 bit address 
1 


ORL 
(C) f- 
(C) v (bit) 


ORL 
C,lbit 


Bytes: 
2 


Cycles: 
2 


Encoding: 
11 
0 
1 
0 
1 0 
0 
0 
0 
1 
1 bit address 
1 


Operation: 
ORL 
(C) f- 
(C) v (5if) 
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POP 
direct 


Function: 
Pop from stack 


Description: 
The contents of the internal RAM location addressed by the Stack Pointer is read, and the Stack Pointer is 
decremented by one. The value read is then transferred to the directly addressed byte indicated. No flags 
are affected. 


Example: 
The Stack Pointer originally contains the value 32H, and internal RAM locations 30H through 32H contain 
the values 20H, 23H, and 01H, respectively. The instruction sequence, 


POP 
DPH 
POP 
DPL 


will leave the Stack Pointer equal to the value 30H and the Data Pointer set to 0123H. At this point the 
instruction, 


POP 
SP 


will leave the Stack Pointer set to 20H. Note that in this special case the Stack Pointer was decremented 
to 2FH before being loaded with the value popped (20H). 


2 
Bytes: 


Cycles: 


Encoding: 
1_1 
0_1_1 0 
0 
0 
0 
Idirect address I 


Operation: 
POP 
(direct) f- ((SP)) 
(SP) f- (SP) - 1 


Function: 
Push onto stack 


Description: 
The Stack Pointer is incremented by one. The contents of the indicated variable is then copied into the 
internal RAM location addressed by the Stack Pointer. Otherwise no flags are affected. 


Example: 
On entering an interrupt routine the Stack Pointer contains 09H. The Data Pointer holds the value 0123H. 
The instruction sequence, 


PUSH 
DPL 
PUSH 
DPH 


will leave the Stack Pointer set to aSH and store 23H and 01H in internal RAM locations OAHand OSH, 
respectively. 


Bytes: 
2 


Cycles: 
2 


11 
0 0 
Encoding: 


Operation: 


Idirect address I 


PUSH 
(SP) f- (SP) + 1 
((SP)) f- (direct) 
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Function: 
Return from subroutine 


Description: 
RET pops the high- and low-order bytes of the PC successively from the stack, decrementing the Stack 
Pointer by two. Program execution continues at the resulting address, generally the instruction 
immediately following an ACALL or LCALL. No flags are affected. 


Example: 
The Stack Pointer originally contains the value OSH. Internal RAM locations OAHand OSHcontain the 
values 23H and 01H, respectively. The instruction, 


RET 


will leave the Stack Pointer equal to the value 09H. Program execution will continue at location 0123H. 


Bytes: 


Cycles: 
2 


10010l0010J 
Encoding: 


Operation: 
RET 
(PC15-S) f- ((SP)) 
(SP) f- (SP) - 1 
(PC7-0) f- ((SP)) 
(SP) f- (SP) - 1 


Function: 
Return from interrupt 


Description: 
RETI pops the high- and low-order bytes of the PC successively from the stack, and restores the interrupt 
logic to accept additional interrupts at the same priority level as the one just processed. The Stack Pointer 
is left decremented by two. No other registers are affected; the PSW is not automatically restored to its 
pre-interrupt status. Program execution continues at the resulting address, which is generally the 
instruction immediately after the point at which the interrupt request was detected. If a lower- or 
same-level interrupt has been pending when the RETI instruction is executed, that one instruction will be 
executed before the pending interrupt is processed. 


Example: 
The Stack Pointer originally contains the value OSH.An interrupt was detected during the instruction 
ending at location 0122H. Internal RAM locations OAHand OSHcontain the values 23H and 01H, 
respectively. The instruction, 


RETI 


will leave the Stack Pointer equal to 09H and return program execution to location 0123H. 


Bytes: 


Cycles: 
2 


Encoding: 
I0 
0 
I 0 
0 
1 
0 


Operation: 
RETI 
(PC15-S) f- ((SP)) 
(SP) f- (SP) - 1 
(PC7-0) f- ((SP)) 
(SP) f- (SP) - 1 
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Function: 
Rotate 
Accumulator 
Left 


Description: 
The eight bits in the Accumulator 
are rotated 
one bit to the left. Bit 7 is rotated 
into the bit 0 position. 
No 
flags are affected. 


Example: 
The Accumulator 
holds the value 
OC5H (11000101 
B). The instruction, 


RL 
A 


leaves 
the Accumulator 
holding 
the value 
8BH (10001011 
B) with the carry unaffected. 


Bytes: 


Cycles: 


Encoding: 


Operation: 


1001010011 


RL 
(An+,) (- 
(An), n = 0 - 6 
(AO) (- 
(A7) 


Function: 


Description: 


Bytes: 


Cycles: 


Encoding: 


Operation: 


Rotate Accumulator 
Left through 
the Carry flag 


The eight bits in the Accumulator 
and the carry flag are together 
rotated 
one bit to the left. Bit 7 moves 
into 
the carry flag; the original 
state of the carry flag moves 
into the bit 0 position. 
No other flags are affected. 


The Accumulator 
holds the value 
OC5H (11000101 
B), and the carry 
is zero. The instruction, 


RLC 
A 


leaves 
the Accumulator 
holding 
the value 
8BH (10001010B) 
with the carry set. 


1 


1 


10 
0 
1 
1 
10 
0 
1 
1 


RLC 
(An+1) 
(- 
(An), n = 0 - 6 
(AO) (- 
(C) 
(C) (- 
(A7) 
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Function: 
Rotate 
Accumulator 
Right 


Description: 
The eight bits in the Accumulator 
are rotated 
one bit to the right. Bit 0 is rotated 
into the bit 7 position. 
No 


flags are affected. 


Example: 
The Accumulator 
holds the value 
OC5H (11000101 
B). The instruction, 


RR 
A 


leaves 
the Accumulator 
holding 
the value 
OE2H (1110001 OB) with the carry 
unaffected. 


Bytes: 


Cycles: 


Encoding: 
10 
0 
0 
0 I 0 
0 
1 
1 


Operation: 
RR 
(An) ~ 
(An+,), 
n = 0 - 6 
(A7) ~(AO) 


RRC 
A 


Function: 
Rotate 
Accumulator 
Right through 
the Carry flag 


Description: 
The eight bits in the Accumulator 
and the carry flag are together 
rotated 
one bit to the right. Bit 0 moves 


into the carry flag; the original 
state of the carry flag moves 
into the bit 7 position. 
No other flags are 
affected. 


Example: 
The Accumulator 
holds the value 
OC5H (11000101 
B), and the carry 
is zero. The instruction, 


RRC 
A 


leaves 
the Accumulator 
holding 
the value 
62 (0110001 OB) with the carry set. 


Bytes: 


Cycles: 


Encoding: 


Operation: 


1000110011 


RRC 
(An) ~ 
(An+,), 
n = 0 - 6 


(A7) ~ 
(C) 
(C)~(AO) 
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SETB 
<bit> 


Function: 
Set Bit 


Description: 
SETB sets the indicated bit to one. SETB can operate on the carry flag or any directly addressable bit. No 
other flags are affected. 


Example: 
The carry flag is cleared. Output Port 1 has been written with the value 34H (001101OOB).The 
instructions, 


SETB 
C 
SETB 
P1.0 


will leave the carry flag set to 1 and change the data output on Port 1 to 35H (00110101B). 


SETB 
C 


Bytes: 


Cycles: 


Encoding: 
11 
0 
1 
10 
0 
1 
1 


Operation: 
SETB 
(C) f-1 


SETB 
bit 


Bytes: 
2 


Cycles: 


Encoding: 
11 
0 
1 0 
0 
1 
0 
1 
1 
bit address 


Operation: 
SETB 
(bit) f-1 


SJMP 
rei 


Function: 
Short Jump 


Description: 
Program control branches unconditionally to the address indicated. The branch destination is computed 
by adding the signed displacement in the second instruction byte to the PC, after incrementing the PC 
twice. Therefore, the range of destinations allowed is from 128 bytes preceding this instruction to 127 
bytes following it. 


Example: 
The label "RELADR" is assigned to an instruction at program memory location 0123H. The instruction, 


SJMP 
RELADR 


will assemble into location 01OOH.After the instruction is executed, the PC will contain the value 0123H. 


(Note: Under the above conditions the instruction following SJMP will be at 102H. Therefore, the 
displacement byte of the instruction will be the relative offset (0123H-0102H) = 21H. Put another way, an 
SJMP with a displacement of OFEHwould be a one-instruction infinite loop.) 


Bytes: 
2 


Cycles: 
2 


Encoding: 
11 
0 
o 
0 
10 
0 
0 
0 


Operation: 
SJMP 
(PC) f- 
(PC) + 2 


(PC) f- 
(PC) + rei 


I 
reI. address I 
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SUBB 
A, <src-byte> 


Function: 
Subtract 
with borrow 


Description: 
SUBB 
subtracts 
the indicated 
variable 
and the carry flag together 
from the Accumulator, 
leaving 
the result 
in the Accumulator. 
SUBB sets the carry (borrow) 
flag if a borrow 
is needed 
for bit 7, and clears 
C 
otherwise. 
(If C was set before executing 
a SUBB 
instruction, 
this indicates 
that a borrow 
was needed 
for 


the previous 
step in a multiple 
precision 
subtraction, 
so the carry is subtracted 
from the Accumulator 
along 
with the source 
operand.) 
AC is set if a borrow 
is needed 
for bit 3, and cleared 
otherwise. 
OV is set if a 


borrow 
is needed 
into bit 6, but not into bit 7, or into bit 7, but not bit 6. 


When 
sUbtracting 
signed 
integers 
OV indicates 
a negative 
number 
produced 
when 
a negative 
value 
is 
subtracted 
from a positive 
value, 
or a positive 
result when 
a positive 
number 
is subtracted 
from a negative 


number. 


The source 
operand 
allows 
four addressing 
modes: 
register, 
direct, 
register-indirect, 
or immediate. 


Example: 
The Accumulator 
holds OC9H (11001001 
B), register 
2 holds 54H (01010100B), 
and the carry flag is set. 


The instruction, 


SUBB 
A,R2 


will leave the value 
74H (01110100B) 
in the Accumulator, 
with the carry flag and AC cleared 
but OV set. 


Notice 
that OC9H minus 
54H is 75H The difference 
between 
this and the above 
result is due to the carry 
(borrow) 
flag being set before 
the operation. 
If the state of the carry is not known 
before 
starting 
a single 
or multiple-precision 
subtraction, 
it should 
be explicitly 
cleared 
by a CLR C instruction 


SUBB 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
11 
0 
0 
1 


11 
r 
r 


Operation: 
SUBB 
(A) ~ 
(A) - (C) - (Rn) 


SUBB 
A,direct 


Bytes: 
2 


Cycles: 
1 


Encoding: 
11 
0 
0 
1 I 0 
0 
1 


Operation: 
SUBB 
(A) ~ 
(A) - (C) - (direct) 


SUBB 
A,@Ri 


Bytes: 


Cycles: 


Encoding: 
11 
0 
0 
1 
10 


Operation: 
SUBB 
(A) ~ 
(A) - (C) - (Ri) 


SUBB 
A,#data 


Bytes: 
2 


Cycles: 
1 


Encoding: 
11 
0 
0 
1 
10 
0 
0 


Operation: 
SUBB 
(A) ~ 
(A) - (e) - (#data) 
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Function: 


Description: 


Swap 
nibbles 
within 
the Accumulator 


SWAP 
A interchanges 
the low- and high-order 
nibbles 
(four-bit 
fields) 
of the Accumulator 
(bits 3-0 and bits 
7-4). The operation 
can also be thought 
of as a four-bit 
rotate 
instruction. 
No flags are affected. 


The Accumulator 
holds the value 
OC5H (11000101 
B). The instruction, 


SWAP 
A 


leaves 
the Accumulator 
holding 
the value 
5CH (010111 OOB). 


1 


1 


Bytes: 


Cycles: 


Encoding: 


Operation: 


11 
0 0 


SWAP 
(A3-0);7 
(A7-4) 


XCH 
A,<byte> 


Function: 
Exchange 
Accumulator 
with byte variable 


Description: 
XCH loads the Accumulator 
with the contents 
of the indicated 
variable, 
at the same time writing 
the 
original 
Accumulator 
contents 
to the indicated 
variable. 
The source/destination 
operand 
can use register, 
direct, 
or register-indirect 
addressing. 


Example: 
RO contains 
the address 
20H. The Accumulator 
holds the value 
3FH (00111111 B). Internal 
RAM location 
20H holds the value 
75H (01110101 B). The instruction, 


XCH 
A,@RO 


will leave the RAM location 
20H holding 
the values 
3FH (001.11111 B) and 75H (01110101 B) in the 
Accumulator. 


XCH 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
11 
0 
0 
11 
r 
r 


Operation: 
XCH 
(A) ;7 
(Rn) 


XCH 
A,direct 


Bytes: 
2 


Cycles: 
1 


Encoding: 
11 
0 
0 
1 0 
0 
1 
I direct 
address 
1 


Operation: 
XCH 
(A) 
;7 
(direct) 


XCH 
A,@Ri 


Bytes: 


Cycles: 


Encoding: 
11 
0 
0 I 0 


Operation: 
XCH 
(A) ;7 
((Ri)) 


March 1994 
125 


80C51 family progr~mmer's 
guide 


and instruction 
set 


XCHD 
A,@Ri 


Function: 


Description: 


Exchange 
Digit 


XCHD 
exchanges 
the low-order 
nibble 
of the Accumulator 
(bits 3-0), generally 
representing 
a 


hexadecimal 
or BCD digit, with that of the internal 
RAM location 
indirectly 
addressed 
by the specified 


register. 
The high-order 
nibbles 
(bits 7-4) of each register 
are not affected. 
No flags are affected. 


RO contains 
the address 
20H. The Accumulator 
holds the value 36H (00110110B). 
Internal 
RAM location 
20H holds the value 75H (01110101 B). The instruction, 


XCHD 
A,@RO 


will leave 
RAM location 
20H holding 
the value 
76H (01110110B) 
and 35H (00110101 
B) in the Accumulator. 


Bytes: 


Cycles: 


Encoding: 


Operation: 


1 i=:J 


XCHD 
(A3-0) f=? 
((Ri3-oll 


XRL 
<dest-byte>,<src-byte> 


Function: 
Logical 
Exclusive-OR 
for by1e variables 


Description: 
XRL performs 
the bitwise 
logical 
Exclusive-OR 
operation 
between 
the indicated 
variables, 
storing 
the 
results 
in the destination. 
No flags are affected. 


The two operands 
allow six addressing 
mode combinations. 
When 
the destination 
is the Accumulator, 
the 


source 
can use register, 
direct, 
register-indirect, 
or immediate 
addressing; 
when the destination 
is a direct 


address, 
the source 
can be the Accumulator 
or immediate 
data. 


(Note: When 
this instruction 
is used to modify 
an output 
port, the value 
used as the original 
port data will 
be read from the output 
data latch, not the input pins.) 


Example: 
If the Accumulator 
holds OC3H (11000011 B) and register 
0 holds OAAH (10101010B) 
then the instruction, 


XRL 
A,RO 


will leave the Accumulator 
holding 
the value 
69H (01101001 
B). 


When the destination 
is a directly 
addressed 
by1e, this instruction 
can complement 
combinations 
of bits in 
any RAM location 
or hardware 
register. 
The pattern 
of bits to be complemented 
is then determined 
by a 


mask 
byte, either 
a constant 
contained 
in the instruction 
or a variable 
computed 
in the Accumulator 
at 


run-time. 
The instruction, 


XRL 
P1,#0011 0001 B 


will complement 
bits 5, 4, and 0 of output 
Port 1. 
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XRL 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
10 
1 
0 
r 
r 


Operation: 
XRL 
(A) f- (A) ¥ (Rn) 


XRL 
A,direct 


Bytes: 
2 


Cycles: 


Encoding: 
10 
1 
0 
10 
0 
1 
Idirect address 
1 


Operation: 
XRL 
(A) f- (A) ¥ (direct) 


XRL 
A,@Ri 


Bytes: 


Cycles: 


Encoding: 
10 
1 
0 
10 
1 
i 


Operation: 
XRL 
(A) f- (A) ¥ (Ri) 


XRL 
A,#data 


Bytes: 
2 


Cycles: 


Encoding: 
10 
1 
0 I 0 
0 
0 I Iimmediate 
data I 


Operation: 
XRL 
(A) f- (A) ¥ #data 


XRL 
direct,A 


Bytes: 
2 


Cycles: 


Encoding: 


Operation: 


10 
1 
0 I 0 
0 


XRL 
(direct) f- (direct) ¥ (A) 


1 0 I Idirect address I 


XRL 
direct,#data 


Bytes: 
3 


Cycles: 
2 


Encoding: 
1_0 
1_0_1_0 __ 0 
~1 I direct address I I immediate 
data I 


Operation: 
XRL 
(direct) f- (direct) ¥#data 


EPROM PRODUCTS 
Most of the 80C51 derivative products offered 
by Philips are supported with an EPROM 
version. 


All EPROM products are available in both 
windowed DIP and OTP package 
configurations. The windowed DIP package 
allows the EPROM to be erased under a 
strong UV light source, making program 
development easier and faster. The OTP 
(One Time Programmable) version cannot be 
erased because there is no window through 
which the die could be exposed to UV light. 
While the EPROM can only be programmed 
once in the OTP package, the part costs less 
than in windowed DIP and therefore offers an 
advantage for those not desiring to use the 
masked ROM version of the part. 


The EPROM products are fully supported on 
the industry standard EPROM programmers. 


Programming 
the 87C51 


The setup for programming the 
microcontroller is shown in Figure 1. Note 
that the part is running with a 4 to 6 MHz 
oscillator. The clock must be running 
because the device is executing internal 
address and program data transfers during 
the programming. 


To program the 87C51 , the address of the 
EPROM location to be programmed is 
applied to ports 1 and 2 as shown in Figure 1. 
The code byte to be programmed into this 
location is applied to port O. RST, PSEJ\I,and 
the pins of ports 2 and 3 specified in Table 1 
are held at the "Program Code Data" levels 
specified in the table. The ALEfI5"ROOis then 
pulsed low 25 times to program the 
addressed location. 


Encryption 
Table 
The encryption table is a feature of the 
87C51 , and its derivatives, that protects the 
code from being easily read by anyone other 
than the programmer. The encryption table is 
16 to 64 bytes of code, depending on the 
microcontroller, that are exclusive NORed 
with the program code data as it is read out. 
The first byte is XNORed with the first 
location read, the second with the second 
read, etc. through the sixteenth byte read. 
The seventeenth byte is XNORed with the 
first byte of the encryption table, the 
eighteenth with the second, etc. and on in 
sixteen-byte groups. 


After the Encryption table has been 
programmed the user has to know its 
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contents in order to correctly decode the 
program code data. The encryption table 
itself cannot be read out. 


The encryption table is programmed in the 
same manner as the program memory, but 
using the "Pgm Encryption Table" levels 
specified in Table 1. After the encryption table 
is programmed, verification cycles will 
produce only encrypted information. 


Security 
Bit 


There are two security bits on the 87C51 that, 
when set, prevent the program data memory 
from being read out or programmed further. 
To program the security bits, repeat the 
programming sequence using the "Pgm 
Security Bif' levels specified in Table 1. 


After the first security bit is programmed, 
further programming of the code memory or 
the encryption table is disabled. The other 
security bit can of course still be 
programmed. With only security bit one 
programmed, the memory can still be read 
out for program verification. After the second 
security bit is programmed, it is no longer 
possible to read out (verify) the program 
memory. 


MODE 
RST 
PSEN 
ALEIJ5"ROG 
~PP 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
a 
1 
1 
a 
a 
a 
a 


Program code data 
1 
a 
O· 
Vpp 
1 
a 
1 
1 


Verify code data 
1 
a 
1 
1 
a 
a 
1 
1 


Pgm enoryption table 
1 
a 
O· 
Vpp 
1 
a 
1 
a 


Pgm security bit 1 
1 
a 
O· 
Vpp 
1 
1 
1 
1 


pgm security bit 2 
1 
a 
O· 
Vpp 
1 
1 
a 
a 


NOTES: 
1. "a· = valid low for that pin, "1" = valid high for that pin. 
2. 
Vpp = 12.75 ±O.25V. 


3. Vcc = 5V ±10% during programming and verification. 


ALEfI5ROO receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 100ms (±10IlS) and high for a 
minimum of 1OilS. 
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Program 
Verification 
If security bit 2 has not been programmed the 
on-chip program memory can be read out for 
program verification. To verify the contents of 
the program memory, the address of the 
location to be read is applied to ports 1 and 2 
as shown in Figure 2. The other pins are held 
at the "Verify Code Data" levels indicated in 
Table 1. The contents of the addressed 
location will appear on port O. For this 
operation external pull-ups are required on 
port a as shown in Figure 2. Note that if the 
encryption table has been programmed the 
data presented at port a will be the exclusive 


NOR of the program byte with a byte from the 
encryption table. 


Signature 
Bytes 
The 87C51 contains two signature bytes that 
can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C51 manufactured by Philips. 


The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 


(030H) = 
15H indicates the part is made by 
Philips 
(031H) = 90H 87C451 
9DH 87C524 
92H 87C51 
9EH 87C598 


94H 87C552 
BOH 87C575 
96H 87C550 
B1H 87C51 FA 


97H 87C52 
B2H 87C51 FB 


99H 87C654 
B3H 87C51 FC 


187C652 
B5H 89CE558 
9AH BOC52 
B6H B7C576 


9BH 87C528 
BBH 87C504 
9CH 87C592 
4BH 87C055 


EPROM Erasure 
Erasure of the EPROM occurs when the chip 
is exposed to light with wavelengths shorter 
than 4000 angstroms. Sunlight and 
fluorescent lighting have wavelengths in this 
range, so exposure to these light sources 
over an extended period of time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. It is recommended, for this reason, 
that an opaque label be placed over the 
window. If the part is subject to elevated 
temperatures or an environment where 
solvents are used, Kapton tape (Fiuorglas 
part number 2345-5 or its equivalent) can be 
used. 


The recommended erasure procedure is to 
expose the chip to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-sec/cm2. Exposing the EPROM to an 
ultraviolet lamp of 12,000I!W/cm2 rating for 
20 to 40 minutes, at a distance of 1 inch, is 
adequate. 


Programming 
the 87C750, 
87C751 


and 87C752 
The 87C750, 87C751 and 87C752 are 
programmed using a Quick-pulse 
programming algorithm that is similar to that 
used for the 87C51. It differs from the 87C51 


in that a serial data stream is used to place 
the 87C751 in the programming mode. 


Figure 3 shows a block diagram of the 
programming configuration for the 87C751. 
Port pin PO.2 is used for the programming 
voltage supply input (Vpp signal). Port pin 
PO.1 is used for the program (PGM) signal. 


Port 3 accepts the address input for the 
EPROM location to be programmed. Both the 
high and low components of the eleven-bit 
address are presented to the part through 
port 3. Multiplexing 01 the address 
components is performed using ASEL (PO.O). 


Port 1 is used as a bidirectional data bus 
during programming and verify operations. 
During the programming mode, it accepts the 
byte to be programmed. In the verify mode, it 
returns the contents of the specified address 
location. 


The X1 pin is the osciliator input and receives 
the master system clock. This clock should 
be between 1.2 and 6MHz. 


The RESET pin is used to accept the serial 
data stream that places the 87C751 into 
various programming modes. This pattern 
consists of a 1O-bit code with the LSB send 
first. Each bit is synchronized to the clock 
inputX1. 
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To program the 87C751 the part must be put 
into the programming mode by presenting the 
proper serial code (see Table 2) to the 
RESET pin. To do this RESET should be held 
high for at ieast two machine cycles. Port 
pins PO.1 and PO.2will be at VOH as a result 
of this, but they must be driven high prior to 
sending the serial data stream on the RESET 
pin. The serial data bits can now be 
transmitted over the RESET pin placing the 
87C751 into one of the programming modes. 
Following the transmission of the last data bit, 
the reset pin should be held low. 


Next the address information for the location 
to be programmed is placed on Port 3 and 
ASEL is used to perform the address 
multiplexing. ASEL should be driven high and 
then Port 3 driven with the high-order 
address bits. ASEL is then driven low, 
latching the high-order bits internally. Port 3 
can now be driven with the low 8 bits of the 
address, completing the addressing of the 
location to be programmed. 


A high-voltage Vpp level is now applied to the 
Vpp input. This sets Port 1 as an input port. 
The data to be programmed to the EPROM 
array should be placed on Port 1. A series of 
25 programming pulses is now applied to the 
PGM pin (PO.1) to program the addressed 
EPROM location. 


OPERATION 
SERIAL CODE 
PO.1 (PGM/) 
PO.2 (Vpp) 


Program user EPROM 
296H 
-· 
Vpp 


Verify user EPROM 
296H 
VIH 
VIH 


Program key EPROM 
292H 
-· 
Vpp 


Verify key EPROM 
292H 
VIH 
VIH 


Program security bit 1 
29AH 
-· 
Vpp 


Program security bit 2 
298H 
-· 
Vpp 


Verify security bits 
29AH 
VIH 
VIH 


Read signature bytes 
294H 
VIH 
VIH 


Program 
Verification 


The EPROM array can be verified by placing 
the part in the programming mode as 
described above and forcing the Vpp pin to 
the VOH level. Four machine cycles after 
addressing a location the contents of the 
addressed location will appear on Port 1. 


87C750, 87C751 and 87C752 Signature 
By1es 
The signature bytes for the 87C750, 87C751 
and 87C752 are read differently and are in 
different locations than those on the 87C51. 
Due to its reduced pin count, the part has to 
be put into "Signature Byte Read Mode" by 


placing a 10-bit serial data stream on the 
Reset pin. The proper code and the 
conditions of PO.1and PO.2,for this mode, 
are shown in Table 2. 


Once the part has been placed into the 
Signature Byte Read Mode, the signature 
bytes can be read by the same procedure as 
a normal verification of locations 01EH and 
01FH. The values are: 


01EH 
15H indicates the part is made by 
Philips 
01FH 
91H - 87C751 
01FH 
95H - 87C752 


Programming 
Features 


The 87C751 has all of the special 
programming features incorporated within its 
EPROM array that the 87C51 has. It has an 
encryption key table and two security bits. 
These function exactly as they do in the 
87C51. They are programmed or verified by 
sending the proper code over the RESET pin 
(see Table 2) and then following the 87C751 
programming procedure as described 
previously. 


Erasure Characteristics 
The erasure procedure is exactly the same 
as that described for the 87C51. 
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DESCRIPTION 
The Philips 80C31/80C51/87C51 
is a 
high-perfonnance microcontroller fabricated 
with Philips high-density CMOS technology. 
The CMOS 8XC51 is functionally compatible 
with the NMOS 8031/8051 microcontrollers. 
The Philips CMOS technology combines the 
high speed and density characteristics of 
HMOS with the low power attributes of 
CMOS. Philips epitaxial substrate minimizes 
latch-up sensitivity. 


The 8XC51 contains a 4k x 8 ROM (80C51) 
EPROM (87C51), a 128 x 8 RAM, 321/0 
lines, two 16-bit counter/timers, a five-source, 
two-priority level nested interrupt structure, a 
serial I/O port for either multi-processor 
communications, 
I/O expansion or full duplex 
UART, and on-chip oscillator and clock 
circuits. 


In addition, the device has two software 
selectable modes of power reduction-idle 
mode and power-down mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial port, and interrupt system to 
continue functioning. The power-down mode 
saves the RAM contents but freezes the 
oscillator, causing all other chip functions to 
be inoperative. 


FEATURES 


.8031/8051 
compatible 


- 
4k x 8 ROM (80C51) 


- 4k x 8 EPROM (87C51) 


- 
ROMless (80C31) 


-128x8RAM 


- Two 16-bii counter/timers 


- 
Full duplex serial channei 


- 
Boolean processor 


• Memory addressing capability 


- 
64k ROM and 64k RAM 


• Power control modes: 


- 
Idle mode 


- 
Power-down mode 
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• CMOS and TIL compatible 


• Five speed ranges at Vcc = 5V 


- 
12MHz 


- 
16MHz 


- 
24MHz 


- 
30MHz 


- 
33MHz 


• Five package styles 


• Extended temperature ranges 


• OTP package available 


PHILIPS 
NORTH 
AMERICA 


DRAWING 
DRAWING 
TEMPERATURE 
RANGE 
°C 
Freq 


EPROM 
NUMBER 
ROMless 
ROM 
NUMBER 
AND 
PACKAGE1 
MHz 


SC87C51CCF40 
0590B 
o to +70, Ceramic Dual In-line Package, UV 
3.5 to 12 


SC87C51CCK44 
1472A 
o to +70, Ceramic Leaded Chip Carrier, UV 
3.5 to 12 


SC87C51CCN40 
0415C 
SC80C31 BCCN40 
SC80C51 BCCN40 
0415C 
o to +70, Plastic Dual In-line Package, OTP 
3.5 to 12 


SC87C51CCA44 
0403G 
SC80C31 BCCA44 
SC80C51 BCCA44 
0403G 
o to +70, Plastic Leaded Chip Carrier, OTP 
3.5 to 12 


SC87C51CCB44 
1118D 
SC80C31 BCCB44 
SC80C51BCCB44 
1118D 
o to +70, Plastic Quad Flat Pack, OTP 
3.5 to 12 


SC87C51ACF40 
0590B 
-40 to +85, Ceramic Dual In-line Package, UV 
3.5 to 12 


SC87C51ACK44 
1472A 
-40 to +85, Ceramic Leaded Chip Carrier, UV 
3.5 to 12 


SC87C51ACN40 
0415C 
SC80C31 BACN40 
SC80C51 BACN40 
0415C 
-40 to +85, Plastic Dual In-line Package, OTP 
3.5 to 12 


SC87C51ACA44 
0403G 
SC80C31 BACA44 
SC80C51 BACA44 
0403G 
-40 to +85, Plastic Leaded Chip Carrier, OTP 
3.5 to 12 


SC87C51CGF40 
0590B 
o to +70, Ceramic Dual In-line Package, UV 
3.5 to 16 


SC87C51CGK44 
1472A 
o to +70, Ceramic Leaded Chip Carrier, UV 
3.5 to 16 


SC87C51CGN40 
0415C 
SC80C31 BCGN40 
SC80C51BCGN40 
0415C 
o to +70, Plastic Dual In-line Package, OTP 
3.5 to 16 


SC87C51CGA44 
0403G 
SC80C31 BCGA44 
SC80C51BCGA44 
0403G 
o to +70, Plastic Leaded Chip Carrier, OTP 
3.5 to 16 


SC87C51CGB44 
1118D 
SC80C31 BCGB44 
SC80C51BCGB44 
1118D 
o to +70, Plastic Quad Flat Pack, OTP 
3.5 to 16 


SC87C51AGF40 
0590B 
-40 to +85, Ceramic Dual In-line Package, UV 
3.5 to 16 


SC87C51AGK44 
1472A 
-40 to +85, Ceramic Leaded Chip Carrier, UV 
3.5 to 16 


SC87C51AGN40 
0415C 
SC80C31 BAGN40 
SC80C51 BAGN40 
0415C 
-40 to +85, Plastic Dual In-line Package, OTP 
3.5 to 16 


SC87C51AGA44 
0403G 
SC80C31 BAGA44 
SC80C51 BAGA44 
0403G 
-40 to +85, Plastic Leaded Chip Carrier, OTP 
3.5 to 16 


SC87C51CPF40 
0590B 
o to +70, Ceramic Dual In-line Package, UV 
3.5 to 24 


SC87C51CPK44 
1472A 
o to +70, Ceramic Leaded Chip Carrier, UV 
3.5 to 24 


SC87C51CPN40 
0415C 
SC80C31 BCPN40 
SC80C51 BCPN40 
0415C 
o to +70, Plastic Dual In-line Package, OTP 
3.5 to 24 


SC87C51CPA44 
0403G 
SC80C31 BCPA44 
SC80C51 BCPA44 
0403G 
o to +70, Plastic Leaded Chip Carrier, OTP 
3.5 to 24 


SC87C51APF40 
0590B 
-40 to +85, Ceramic Dual In-line Package, UV 


SC87C51APK44 
1472A 
-40 to +85, Ceramic Leaded Chip Carrier, UV 
3.5 to 24 


SC87C51APN40 
0415C 
SC80C31 BAPN40 
SC80C51 BAPN40 
0415C 
-40 to +85, Plastic Dual In-line Package, OTP 
3.5 to 24 


SC87C51APA44 
0403G 
SC80C31 BAPA44 
SC80C51 BAPA44 
0403G 
-40 to +85, Plastic Leaded Chip Carrier, OTP 
3.5 to 24 


SC87C51CYF40 
0590B 
o to +70, Ceramic Dual In-line Package, UV 
3.5 to 33 


SC87C51CYK44 
1427A 
o to +70, Ceramic Leaded Chip Carrier, UV 
3.5 to 33 


SC87C51CYN40 
0415C 
SC80C31 BCYN40 
SC80C51BCYN40 
0415C 
o to +70, Plastic Dual In-line Package, OTP 
3.5 to 33 


SC87C51CYA44 
0403G 
SC80C31 BCYA44 
SC80C51BCYA44 
0403G 
o to +70, Plastic Leaded Chip Carrier, OTP 
3.5 to 33 


SC87C51AYF40 
0590B 
-40 to +85, Ceramic Dual In-line Package, UV 
3.5 to 33 


SC87C51AYK44 
1472A 
-40 to +85, Ceramic Leaded Chip Carrier, UV 
3.5 to 33 


SC87C51AYN40 
0415C 
SC80C31 BAYN40 
SC80C51BAYN40 
0415C 
-40 to +85, Plastic Dual In-line Package, OTP 
3.5 to 33 


SC87C51AYA44 
0403G 
SC80C31BAYA44 
SC80C51BAYA44 
0403G 
-40 to +85, Plastic Leaded Chip Carrier, OTP 
3.5 to 33 


1. OTP = One Time Programmable EPROM. 
UV = UV Erasable EPROM 


2. SOT311 replaced by SOT307-2. 


PHILIPS 


ROMless 
ROMless 
DRAWING 
TEMPERATURE RANGE DC 
Freq 


(ORDER NUMBER) 
(MARKING 
NUMBER) 
ROM 
NUMBER 
AND PACKAGE' 
MHz 


PCB80C31-2 N 
PCB80C31BH2-12P 
PCB80C51 BH-2P 
SOT129 
o to +70, Plastic Dual In-line Package, OTP 
0.5 to 12 


PCB80C31-2 A 
PCB80C31 BH2-12WP 
PCB80C51 BH-2WP 
SOT187 
o to +70, Plastic Leaded Chip Carrier, OTP 
0.5 to 12 


PCB80C31BH2-12H 
PCB80C51 BH-2H 
SOT307-22 
o to +70, Plastic Quad Flat Pack, OTP 
0.5 to 12 


PCB80C31-3 N 
PCB80C31BH3-16P 
PCB80C51 BH-3P 
SOT129 
o to +70, Plastic Dual In-line Package, OTP 
1.2 to 16 


PCB80C31-3 A 
PCB80C31 BH3-16WP 
PCB80C51 BH-3WP 
SOT187 
o to +70, Plastic Leaded Chip Carrier, OTP 
1.2to 16 


PCB80C31BH3-16H 
PCB80C51 BH-3H 
SOT307-22 
o to +70, Plastic Quad Flat Pack, OTP 
1.2 to 16 


PCF80C31-3 N 
PCF80C31BH3-16P 
PCF80C51 BH-3P 
SOT129 
-40 to +85, Plastic Dual In-line Package, OTP 
1.2to 16 


PCF80C31-3 A 
PCF80C31 BH3-16WP 
PCF80C51 BH-3WP 
SOT187 
-40 to +85, Plastic Leaded Chip Carrier, OTP 
1.2to 16 


PCF80C31BH3-16H 
PCF80C51 BH-3H 
SOT307-22 
-40 to +85, Plastic Quad Flat Pack, OTP 
1.2to 16 


PCA80C31 BH3-16P 
PCA80C51 BH-3P 
SOT129 
-40 to +125, Plastic Dual In-line Package 
1.2 to 16 


PCA80C31 BH3-16WP 
PCA80C51 BH-3WP 
SOT187 
-40 to +125, Plastic Leaded Chip Carrier 
1.2 to 16 


PCB80C31-4 N 
PCB80C31 BH4-24P 
PCB80C51 BH-4P 
SOT129 
o to +70, Plastic Dual In-line Package, OTP 
1.2 to 24 


PCB80C31-4 A 
PCB80C31 BH4-24WP 
PCB80C51 BH-4WP 
SOT187 
o to +70, Plastic Leaded Chip Carrier, OTP 
1.2to 24 


PCB80C31 BH4-24H 
PCB80C51 BH-4H 
SOT307-22 
o to +70, Plastic Quad Flat Pack, OTP 
1.2to 24 


PCF80C31-4 N 
PCF80C31 BH4-24P 
PCF80C51 BH-4P 
SOT129 
-40 to +85, Plastic Dual In-line Package, OTP 
1.2 to 24 


PCF80C31-4A 
PCF80C31 BH4-24WP 
PCF80C51 BH-4WP 
SOT187 
-40 to +85, Plastic Leaded Chip Carrier, OTP 
1.2t024 


PCF80C31 BH4-24H 
PCF80C51 BH-4H 
SOT307-22 
-40 to +85, Plastic Leaded Chip Carrier, OTP 
1.2t024 


PCB80C31-5 N 
PCB80C31 BH5-30P 
PCB80C51 BH-5P 
SOT129 
o to +70, Plastic Dual In-line Package 
1.2to 33 


PCB80C31-5 A 
PCB80C31 BH5-30WP 
PCB80C51 BH-5WP 
SOT187 
o to +70, Plastic Leaded Chip Carrier 
1.2 to 33 


PCB80C31-5 B 
PCB80C31 BH5-30H 
PCB80C51 BH-5H 
SOT307-22 
o to +70, Plastic Quad Flat Pack 
1.2t033 


, 


CERAMIC 
AND PLASTIC 
LEADED 
PLASTIC 
QUAD FLAT PACK 
CHIP CARRIER 
PIN FUNCTIONS 
PIN FUNCTIONS 


40 
44 
34 


39 
33 


17 
29 
11 
23 


18 
28 
12 
22 


Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 


1 
NC 
23 
NC 
1 
Pl.S 
23 
P2.5/A13 
2 
PI.D 
24 
P2.OIAB 
2 
P1.6 
24 
P2.61A14 
3 
Pt.t 
25 
P2.1/A9 
3 
Pl,? 
25 
P2.7/A15 
4 
Pl.2 
26 
P2.2JA10 
4 
RST 
26 
I'5rn 


5 
Pl.3 
27 
P2.31Al1 
5 
P3.0/RxD 
27 
ALEJF'RUl:l" 
6 
P1.4 
28 
P2.4/A12 
6 
NC 
28 
NC 
7 
P1.5 
29 
P2.51A13 
7 
P3.1fTxD 
29 
IJWpp 


8 
P1.6 
30 
P2.61A14 
8 
P3.2Ilfm! 
30 
PO.l/AD7 
9 
PL7 
31 
P2.7/A15 
9 
P3.3ITfilTl 
31 
PO.SlA06 
10 
RST 
32 
I'5rn 
10 
P3.4fT0 
32 
PO.S/AD5 
11 
P3.OIRxD 
33 
ALEII'ROO 
" 
P3.5IT1 
33 
PO.4/AD4 
12 
NC 
34 
NC 
12 
P3.6IWIl 
34 
PO.3IAD3 
13 
P3.11TxD 
35 
IJWpp 
13 
P3.7RU 
3S 
PO.2/AD2 
14 
P3.2Ilfm! 
36 
PO.l/AD? 
14 
XTAL2 
36 
PO.I/AD1 
15 
P3.3ITfilTl 
37 
PO.61AD6 
15 
XTAL1 
37 
PO.O/ADO 
16 
P3.4fTO 
38 
PO.StADS 
16 
VSS 
38 
VCC 
17 
P3.5fTl 
39 
PO.4/AD4 
17 
NC 
39 
NC 
16 
P3.6IWIl 
40 
PO.31AD3 
18 
P2.OIA8 
40 
PI.D 
19 
P3.7/RO 
41 
PO.21AD2 
19 
P2.1/A9 
41 
Pt.t 


20 
XTAL2 
42 
PO.I/AD1 
20 
P2.2/Al0 
42 
Pl.2 


21 
XTALl 
43 
PO.OIADO 
21 
P2.31Al1 
43 
Pl.3 
22 
VSS 
44 
VCC 
22 
P2.4/A12 
44 
Pl.4 


LOGIC SYMBOL 


& 


~g}ADDRESS 
AND 
a:....-.-. 
DATA 
BUS 
ii'_-- 
l' 
1i~}-',"~ 


r------------- 
I 
I 


veel 
-'-I 


vssl 
4l 


I 
I 
I 
I 
I 
I 
I, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


--------------l 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


SBUF 
IE 
IP 


INTERRUPT, 
SERIAL 


PORT AND TIMER 
BLOCKS 


PIN NO. 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


VSS 
20 
22 
16 
I 
Ground: 
OV reference. 


Vee 
40 
44 
38 
I 
Power Supply: This is the power supply voltage for normal, idle, and power-down 
operation. 


PO.O-O.7 
39-32 
43--36 
37-30 
1/0 
Port 0: Port 0 is an open-drain, bidirectional 1/0 port. Port 0 pins that have 1s written to 
them float and can be used as high-impedance inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to external program and data memory. In 
this application, it uses strong internal pull-ups when emitting 1s. Port 0 also outputs the 
code bytes during program verification in the 87C51. External pull-ups are required during 
program verification. 


Pl.D-Pl.7 
1-8 
2-9 
40-44, 
I/O 
Port 1: Port 1 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 1 pins that have 1s 


1-3 
written to them are pulled high by the internal pull-ups and can be used as inputs. As 
inputs, port 1 pins that are externally pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: IILl. Port 1 also receives the low-order address 
byte during program memory verification. 


P2.D-P2.7 
21-28 
24-31 
18-25 
I/O 
Port 2: Port 2 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 2 pins that have ls 
written to them are pulled high by the internal pull-ups and can be used as inputs. As 
inputs, port 2 pins that are externally being pulled low will source current because of the 
internal pull-ups. (See DC Electrical Characteristics: IILl. Port 2 emits the high-order 
address byte during fetches from external program memory and during accesses to 
external data memory that use 16-bit addresses (MOVX @DPTR). In this application, it 
uses strong internal pull-ups when emitting ls. During accesses to external data memory 
that use 8-bit addresses (MOV @Ri), port 2 emits the contents of the P2 special function 
register. 


P3.D-P3.7 
lD-17 
11, 
5, 
1/0 
Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3 pins that have 1s 
13-19 
7-13 
written to them are pulled high by the internal pull-ups and can be used as inputs. As 
inputs, port 3 pins that are externally being pulled low will source current because of the 
pull-ups. (See DC Electrical Characteristics: IILl. Port 3 also serves the special features of 
the 80C51 family, as listed below: 
10 
11 
5 
I 
RxD (P3.0): Serial input port 
11 
13 
7 
0 
TxD (P3.1): Serial output port 


12 
14 
8 
I 
INTO (P3.2): External interrupt 


13 
15 
9 
I 
INTf (P3.3): External interrupt 


14 
16 
10 
I 
TO (P3.4): Timer 0 external input 


15 
17 
11 
I 
T1 (P3.S): Timer 1 external input 


16 
18 
12 
0 
WI\"(P3.B): External data memory write strobe 


17 
19 
13 
0 
RO (P3.7): External data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Vee. 


ALEfI5'Flmj 
30 
33 
27 
1/0 
Address 
Latch EnablelProgram 
Pulse: Output pulse for latching the low byte of the 


address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is skipped during each access to external data memory. This pin is 
also the program pulse input (!"ROO) 
during EPROM programming. 


l'SE'f\l 
29 
32 
26 
0 
Program 
Store Enable: The read strobe to externai program memory. When the device is 


executing code from the external program memory, l'SE'f\l is activated twice each machine 
cycle, except that two l'SE'f\l activations are skipped during each access to external data 
memory. I'SEN is not activated during fetches from internal program memory. 


FANpp 
31 
35 
29 
I 
External Access EnablelProgramming 
Supply Voltage: EA must be externally held low 


to enable the device to fetch code from external program memory locations OOOOHto 
OFFFH. If EA is held high, the device executes from internal program memory unless the 
program counter contains an address greater than OFFFH. This pin also receives the 
12.75V programming supply voltage (Vpp) during EPROM programming. 


XTAl1 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 
2: Output from the inverting oscillator amplifier. 


OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol. 


To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the 
external clock signal, because the input to 
the internal clock circuitry is through a 
divide-by-two flip-flop. However, minimum 
and maximum high and low times specified in 
the data sheet must be observed. 


RESET 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles 
(24 oscillator periods), while the oscillator is 
running. To insure a good power-up reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. 


IDLE MODE 
In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 


ROM CODE SUBMISSION 
When submitting ROM code for the 80C51 , the following must be specified: 
1. 4k byte user ROM data 


2. 32 byte ROM encryption key (SC80C51 only) 


3. 
ROM security bits (SC80C51 only). 


mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER-DOWN 
MODE 


In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. the 
control bits for the reduced power modes are 
in the special function register PCON. 


Table 1 shows the state of 1/0 ports during 
low current operating modes. 


ADDRESS 
CONTENT 
BIT(S) 
COMMENT 


OOOOHto OFFFH 
DATA 
7:0 
User ROM Data 


1000H to 101FH 
KEY 
7:0 
ROM Encryption Key 


1020H 
SEC 
0 
ROM Security Bit 1 


1020H 
SEC 
1 
ROM Security Bit 2 


Security 
Bit 1: When programmed, this bit has two effects on masked ROM parts: 
1. External MOVC is disabled, and 
2. 
EA# is latched on Reset. 


Security 
Bit 2: When programmed, this bit inhibits Verify User ROM. 


MODE 
PROGRAM MEMORY 
ALE 
'PSEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


Electrical Deviations from Commercial Specifications for Extended Temperature Range (87C51) 
DC and AC parameters not included here are the same as in the commercial temperature range table. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= -40°C to +85°C, Vcc = 5V ±10%, Vss = OV (Philips North America Parts Only) 
Tamb= -40°C to +125°C, Vcc = 5V ±10%, Vss = OV (Philips Parts Only) 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS, 
MIN 
MAX 
UNIT 


VIL 
Input low voltage, except E}I; (Philips North America) 
-0.5 
0.2Vcc-o·15 
V 


VIL 
Input low voltage, except E}I; (Philips) 
-0.5 
0.2Vcc-D·25 
V 


Vll1 
Input low voltage to E}I; 
-0.5 
0.2Vcc-D.45 
V 


VIH 
Input high voltage, except XTAL1, RST 
0.2Vcc+1 
Vcc+0.5 
V 


V1H1 
Input high voltage to XTAL1, RST 
0.7Vcc+0.1 
Vcc+0.5 
V 


IlL 
Logical 0 input current, ports 1, 2, 3 
VIN = 0.45V 
-75 
!!A 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 3 
VIN = 2.0V 
-750 
flA 


lcc 
Power supply current: 
Vcc = 4.5-5.5V 


Active model 
@ 16MHz (Philips) 
25 
mA 
Active mode @ 12MHz (Philips North America) 
20 
mA 
Idle mode2 @ 16MHz (Philips) 
6.5 
mA 
Idle mode @ 12MHz (Philips North America) 
5 
mA 
Power-down mode3 (Philips) 
75 
flA 
Power-down mode (Philips North America) 
50 
flA 


NOTES: 
1. The operating supply current is measured with all output pins disconnected; XTAL1 driven with t, = tf = 10ns; VIL = Vss + 0.5V; 
V1H= Vcc - 0.5V; XTAL2 not connected; E}I; = RST = Port 0 = Vcc. 


2. The idle mode supply current is measured with all output pins disconnected; XTAL1 driven with t, = tf = 10ns; VIL = Vss + 0.5V; 


VIH = Vcc - 0.5V; XTAL2 not connected; E}I; = Port 0 = Vcc; RST = Vss. 
3. The power-down current is measured with all output pins disconnected, XTAL2 not connected, E}I; = Port 0 = Vcc; RST = Vss. 


PARAMETER 
RATING 
UNIT 


Operating temperature under bias 
'v 
o to +70 or-40 
to +85 
PC 


Storage temperature range 
-65 to +150 
PC 


Voltage on FANpp pin to Vss 
o to +13.0 
V 


Voltage on any other pin to Vss 
-0.5 to +6.5 
V 


Maximum IOLper 110 pin 
15 
mA 


Power dissipation (based on package heat transfer limitations, not device power consumption) 
1.5 
W 
NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 
2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°Cto +70°C or -40°C to +85°C, Vcc = 5V ±20%, Vss = OV (80C31/51) (12, 16, and 24MHz versions) 
Tamb= O°Cto +70°C or -40°C to +85°C Vcc = 5V ±10%, Vss = OV (87C51) (80C31/80C51 33MHz version) 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYPICAL1 
MAX 
UNIT 


VIL 
Input low voltage, except E7(7 
-0.5 
0.2Vcc-o·1 
V 


VIL1 
Input low voltage to E7(7 
0 
0.2Vcc-0.3 
V 


VIH 
Input high voltage, except XTAL1, RST7 
0.2Vcc+0.9 
Vcc+0.5 
V 


VIH1 
Input high voltage, XTAL 1, RST7 
0.7Vcc 
Vcc+0.5 
V 


VOL 
Output low voltage, ports 1, 2, 311 
IOL= 1.6mAz 
0.45 
V 


VOL1 
Output low voltage, port 0, ALE, J5"SEiI11 
IOL=3.2mAz 
0.45 
V 


VOH 
Output high voltage, ports 1, 2, 3, ALE, J5"SEi13 
IOH=-60!LA, 
2.4 
V 
IOH=-25!LA 
0.75Vcc 
V 


IOH= -10!LA 
0.9Vcc 
V 


VOH1 
Output high voltage (port 0 in external bus mode) 
IOH= -800~A, 
2.4 
V 


IOH=-300~ 
0.75Vcc 
V 


IOH=-80~A 
0.9Vcc 
V 


IlL 
Logical 0 input current, ports 1, 2, 37 
V1N= 0.45V 
-50 
!LA 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 37 
See note 4 
-650 
!LA 


III 
Input leakage current, port 0 
VIN = VIL or VIH 
±10 
!LA 


Icc 
Power supply current:? 
See note 6 
Active mode @ 12MHz8 (Philips) 
18 
mA 
Active mode @ 12MHz5 (Philips North America) 
11.5 
19 
mA 
Idle mode @ 12MHz9 (Philips) 
4.4 
mA 


Idle mode @ 12MHz (Philips North America) 
1.3 
4 
mA 
Power-down mode10 (Philips and 
3 
50 
!LA 


Philips North America) 


RRST 
Internal reset pull-down resistor 


(Philips North America) 
50 
300 
kn 
(Philips) 
50 
150 
kn 


CIO 
Pin capacitance (12) 
10 
pF 


NOTES: 
1. Typical ratings are not guaranteed. The values listed are at room temperature, 5V. 
2. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLs of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. in the 
worst cases (capacitive loading> 
100pF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 
3. Capacitive loading on ports 0 and 2 may cause the VOH on ALE and J5"SEiIto momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 


4. 
Pins of ports 1, 2 and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when V1Nis approximately 2V. 


5. 
ICCMAXat other frequencies (for Philips North America parts) is given by: Active mode: ICCMAX= 1.43 X FREQ + 1.90; 
Idle mode: ICCMAX= 0.14 X FREQ +2.31, where FREQ is the external oscillator frequency in MHz. ICCMAXis given in mA. See Figure 7. 
6. See Figures 8 through 11 for Icc test conditions. 
7. 
For Philips North America parts when Tamb= -40°C to +85°C or Philips parts when Tamb= -40°C to +125°C, see DC Electrical 
Characteristics table on previous page. 
8. The operating supply current is measured with all output pins disconnected; XTAL1 driven with t, = tf = 10ns; VIL = Vss + 0.5V; 


VIH = VCC- 0.5V; XTAL2 not connected; EA = RST = Port 0 = VCC' 


9. The idle mode supply current is measured with all output pins disconnected; XTAL1 driven with tr = tf = 1ens; VIL = Vss + 0.5V; 


V1H= Vcc - 0.5V; XTAL2 not connected; EA = Port 0 = Vcc; RST = Vss. 


10.The power-down current is measured with all output pins disconnected, XTAL2 not connected, EA = Port 0 = Vcc; RST = Vss. 
11. Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 
Maximum IOLper port pin: 
15mA 
Maximum IOLper 8-bit port: 
26mA 
Maximum IOLtotal for all outputs: 
67mA 
If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 


12. Pin capacitance for the ceramic DIP package is 15pF maximum. 


AC ELECTRICAL 
CHARACTERISTICS 
FOR 12-33MHz 
PHILIPS 
NORTH AMERICA 
DEVICES 
Tamb= O°Cto +70°C or --40°C to +85°C, VCC = 5V ±20%, Vss = OV (80C31/51)1, 2,4 (12, 16, and 24MHz versions) 
Tamb= O°Cto +70°C or --40°C to +85°C, Vcc = 5V ±10%, Vss = OV (87C51) (80C31/80C51 33MHz version) 


VARIABLE CLOCK3 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
UNIT 


1/lcLCL 
Oscillator frequency: 
Speed Versions 
SC80C31/51 
C 
3.5 
12 
MHz 


G 
3.5 
16 
MHz 


P 
3.5 
24 
MHz 
y 
3.5 
33 
MHz 


tLHLL 
1 
ALE pulse width 
2tCLCL--4o 
ns 


tAVLL 
1 
Address valid to ALE low 
tCLCL-13 
ns 


lLLAX 
1 
Address hold after ALE low 
tCLCL-2o 
ns 


tLLlV 
1 
ALE low to valid instruction in 
4tCLCL-65 
ns 


tLLPL 
1 
ALE low to l'SE\Ilow 
tCLCL-13 
ns 


tpLPH 
1 
PSEJII pulse width 
3tCLCL-2o 
ns 


tpLiV 
1 
PSEJIIlow to valid instruction in 
3tCLCL--45 
ns 


tpXIX 
1 
Input instruction hold after PSEJ\! 
0 
ns 


tpXIZ 
1 
Input instruction float after PSEJ\! 
lcLCL-1o 
ns 


tAVIV 
1 
Address to valid instruction in 
5tCLCL-55 
ns 


tpLAZ 
1 
l'SE\Ilow 
to address float 
10 
ns 


DalaMemory 


tRLRH 
2,3 
"RUpulse width 
6lcLCL-1oo 
ns 


tWLWH 
2,3 
WI'! pulse width 
6lcLCL-1oo 
ns 


tRLDV 
2,3 
"RUlow to valid data in 
5tCLCL-9o 
ns 


tRHDX 
2,3 
Data hold after "RU 
a 
ns 


tRHDZ 
2,3 
Data float after "RU 
2tCLCL-28 
ns 


tLLDV 
2,3 
ALE low to valid data in 
8tCLCL-15o 
ns 


tAVDV 
2,3 
Address to valid data in 
9tCLCL-165 
ns 


tLLWL 
2,3 
ALE low to "RUor WI'! low 
3tCLCL-5o 
3tCLCL+5o 
ns 


tAVWL 
2,3 
Address valid to WI'! low or "RUlow 
4tCLCL-75 
ns 


tovwx 
2,3 
Data valid to WI'! transition 
tCLCL-2o 
ns 


tWHQX 
2,3 
Data hold after WI'! 
tCLCL-2o 
ns 


tRLAZ 
2,3 
"RUlow to address float 
a 
ns 


tWHLH 
2,3 
"RUor WI'! high to ALE high 
tCLCL-2o 
tCLCL+25 
ns 


External Clock 


tCHCX 
4 
High time 
12 
ns 


tCLCX 
4 
Low time 
12 
ns 


tCLCH 
4 
Rise time 
20 
ns 


lcHCL 
4 
Fall time 
20 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and PSEJII = 10opF, load capacitance for all other outputs = 8opF. 
3. 
For all Philips North America speed versions only. 
4. 
Interfacing the 80C31/51 to devices with float times up to 50ns is permitted. This limited bus contention will not cause damage to port a 
drivers. 


AC ELECTRICAL 
CHARACTERISTICS 
FOR PHILIPS 
DEVICES 


Tamb= O°Cto +70°C, VCC= 5V ±20%, Vss = OV (BOC31/51)1, 2,4,5 


VARIABLE CLOCK3 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
UNIT 


1!tcLCL 
Oscillator frequency: 
Speed Versions 
PCBB031151 
-2 
0.5 
12 
MHz 


PCAlPCB/PCFBOC31/51 
-3 
1.2 
16 
MHz 
PCB/PCFBOC31/51 
-4 
1.2 
24 
MHz 
PCB/FBBOC31/51 
-5 
1.2 
33 
MHz 


It.HLL 
1 
ALE pulse width 
2lcLCL-40 
ns 


tAVLL 
1 
Address valid to ALE low 
lcLCL-25 
ns 


tLLAJ( 
1 
Address hold after ALE low 
tCLCL-25 
ns 


tLLlV 
1 
ALE low to valid instruction in 
4tCLCL-65 
ns 


tLLPL 
1 
ALE low to J5SEliIlow 
tCLCL-25 
ns 


tPLPH 
1 
J5SEliIpulse width 
3tCLCL-45 
ns 


tpLiV 
1 
J5SEliIlow to valid instruction in 
3tCLCL-60 
ns 


tpXIX 
1 
Input instruction hold after J5SEliI 
0 
ns 


tPXIZ 
1 
Input instruction float after J5SEliI 
lcLCL-25 
ns 


tAVIV 
1 
Address to valid instruction in 
5tCLCL-BO 
ns 


tpLAZ 
1 
J5SEliIlow to address float 
10 
ns 


Data Memory 


tRLRH 
2,3 
m:> pulse width 
6lcLCL-100 
ns 


tWLWH 
2,3 
WR pulse width 
6lcLCL-100 
ns 


tRLDV 
2,3 
m:> low to valid data in 
5tCLCL-90 
ns 


tRHDX 
2,3 
Data hold after m:> 
0 
ns 


tRHDZ 
2,3 
Data float after m:> 
2tCLCL-2B 
ns 


tLLDV 
2,3 
ALE low to valid data in 
BlcLCL-150 
ns 


tAVDV 
2,3 
Address to valid data in 
9lcLCL-165 
ns 


tLLWL 
2,3 
ALE low to m:> or WR low 
3lcLCL-50 
3tCLCL+50 
ns 


tAVWL 
2,3 
Address valid to WR low or m:> low 
4lcLCL-75 
ns 


tevwx 
2,3 
Data valid to WR transition 
tCLCL-30 
ns 


tWHQX 
2,3 
Data hold after WR 
tCLCL-25 
ns 


tRLAZ 
2,3 
m:> low to address float 
0 
ns 


tWHLH 
2,3 
m:> or WR high to ALE high 
tCLCL-25 
tCLCL+25 
ns 


External Clock 


lcHCX 
4 
High time 
15 
ns 


lcLCX 
4 
Low time 
15 
ns 


lcLCH 
4 
Rise time 
20 
ns 


lcHCL 
4 
Fall time 
20 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and J5SEliI= 100pF, load capacitance for all other outputs = BOpF. 


3. 
For all Philips speed versions oniy. 


4. 
Interfacing the BOC31/51 to devices with float times up to 30ns is permitted. This limited bus contention will not cause damage to port 0 
drivers. 
5. VCC= 5V ±10% for 33MHz. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
Q - Output data 
first character is always 'I' (= time). The other 
R - m:> signal 


characters, depending on their positions, 
t - TIme 
indicate the name of a signal or the logical 
V - Valid 
status of that signal. The designations are: 
W- WR signal 
A - Address 
X - 
No longer a vaiid logic level 


C - Clock 
Z - 
Float 
o - Input data 
Examples: tAVLL= TIme for address valid to 
H - Logic level high 
ALE low. 
I - 
Instruction (program memory contents) 
tLLPL = 


L - Logic level low, or ALE 
Time for ALE low to 
P - f'SE'l 
f'SE'llow. 


VCC-<>·5 
- 
- 
- 
- 
O·7VCC 


O.45V 
O.2VCC-<>.1 


VCC-OS=X 
>C 
o 2VCC+O 
9 


o 4SV~ 
.O_2V~C~C~-o_, 
~ 


TIMING 


REFERENCE 


POINTS 


NOTE: 


AC inputs 
during 
testing 
are driven 
at VCC 
-0.5 
for a logic ',' 
and O.45V for a logic '0'. 


Timing 
measurements 
are made al VIH min for a logic ',' 
and VIL for a logic '0'. 


NOTE, 


For liming 
purposes, 
a port is no longer 
floating 
when 
a 100mV 
change 
from load 


voltage 
occurs, 
and begins 
to float when a 100mV 
change 
from the loaded 
VOHI 


VOL 
level occurs. 
IOH/IOL~±.20mA 


Figure 7. lee vs. FREQ 


Valid only within frequency specifications 
of the device under test 


Figure 8. Icc Test Condition, 
Active Mode 
All other pins are disconnected 
Figure 9. Icc Test Condition, 
Idle Mode 


All other pins are disconnected 


VCC-o·5 
- - - - 
O.7VCC 
O.45V 
O.2VCC-O.1 


Figure 10. Clock Signal Waveform 
for Icc Tests in Active and Idle Modes 


tClCH = tCHCl = 5ns 


Figure 11. Icc Test Condition, 
Power Down Mode 
All other pins are disconnected. 
VCC= 2V to 5.5V 


EPROM CHARACTERISTICS 
The 87C51 is programmed by using a 
modified Quick-Pulse Programming'· 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEII"l'IDG pulses. 


The 87C51 contains two signature bytes that 
can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C51 manufactured by Philips Corporation. 


Table 2 shows the logic levels for reading the 
signature bytes, and for programming the 
program memory, the encryption table, and 
the security bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 12 and 13. Figure 14 shows 
the circuit configuration for normal program 
memory verification. 


Quick-Pulse 
Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 12. Note that 
the 87C51 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 


The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 12. The code byte to be 
programmed into that location is applied to 
port O. RST,pgrn and pins of ports 2 and 3 
specified in Table 2 are held at the 'Program 
Code Data' levels indicated in Table 2. The 
ALEIPl'lOO is pulsed low 25 times as shown 
in Figure 13. 


To program the encryption table, repeat the 
25 pulse programming sequence for 


addresses 0 through 1FH, using the 'Pgm 
Encryption Table' levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 


To program the security bits, repeat the 25 
pulse programming sequence using the 'Pgm 
Security Bit' levels. After one security bit is 
programmed, further programming of the 
code memory and encryption table is 
disabled. However, the other security bit can 
still be programmed. 


Note that the tANpp 
pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 


Program 
Verification 
If security bit 2 has not been programmed, 
the on-chip program memory can be read out 
for program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 14. The other pins are held at the 
'Verify Code Data' levels indicated in Table 2. 
The contents of the address location will be 
emitted on port O. External pull-ups are 
required on port 0 for this operation. 


If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 


The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 


values 
are: 


(030H) = 
15H indicates manufactured by 
Philips 
(031H) = 
92H indicates 87C51 


ProgramNerify 
Algorithms 


Any algorithm in agreement with the 
conditions listed in Table 2, and which 
satisfies the timing specifications, is suitable. 


Erasure 
Characteristics 


Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary 
effects, 
it 


is recommended 
that an opaque label be 


placed over the window. 
For elevated 


temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 


15W-sec/cm2. 
Exposing the EPROM to an 
ultraviolet lamp of 12,OOO~W/cm2 
rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 


Erasure leaves the array in an all 1s state. 


MODE 
RST 
PSEN 
ALEJPm:m 
r::ANpp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program code data 
1 
0 
O· 
Vpp 
1 
0 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 


Pgm encryption table 
1 
0 
O· 
Vpp 
1 
0 
1 
0 


pgm security bit 1 
1 
0 
O· 
Vpp 
1 
1 
1 
1 


Pgm security bit 2 
1 
0 
O· 
Vpp 
1 
1 
0 
0 


NOTES. 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 
2. Vpp = 12.75V ±0.25V. 
3. Vcc = 5V±10% during programming and verification. 
4. ·ALEIPl'lOO 
receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 100~s (+10~s) and high for a 


mInimum of 10~s. 
- 


vcc 


P1 
PO 


RST 
EJWPP 


P3.6 
ALEIPI'lOG 


P3.7 
B7CS1 
I'Srn 


XTAL2 
P2.7 


P2.6 


XTAL1 
P2.~P2.3 


VSS 


lOllS MIN ---1 1-.----- 100p.s±10 ------1 


o l 
~n'_____ 
____'~ 


VCC 


A~A7 
P1 
PO 
PGM DATA 


RST 
EJWPP 


P3.6 
ALEIPI'lOG 


P3.7 
8les, 
I'Srn 


XTAl2 
P2.7 
o E/ilAIlIT 


P2.6 


XTAL1 
P2.o-P2.3 
AS-A11 


vss 


Figure 14. Program Verification 


EPROM PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb = 21°C 
to +27°C, 
VCC = 5V±10%, 
VSS = OV (See 
Figure 
15) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
suppiy 
current 
50 
mA 


1/tCLCL 
Oscillator 
frequency 
4 
6 
MHz 


tAVGL 
Address 
setup 
to "!"ROO 
low 
48teLCL 


tGHAX 
Address 
hold 
after 
"!"ROO 
48teLCL 


tDVGL 
Data 
setup 
to "!"ROO 
low 
48teLCL 


tGHDX 
Data 
hold after 
"!"ROO 
48teLCL 


tEHSH 
P2.7 (El'<l\BLE) 
high to Vpp 
48teLCL 


tSHGL 
Vpp 
setup 
to "!"ROO 
low 
, 
10 
us 


tGHSL 
Vpp 
hold 
after 
"!"ROO 
10 
us 


tGLGH 
"!"ROO 
width 
90 
110 
us 


tAVQV 
Address 
to data 
valid 
48teLCL 


tELQZ 
"E"f\IJ\:BLE 
low to data 
valid 
48tCLCL 


tEHQZ 
Data 
float 
after 
"E"f\IJ\:BLE 
0 
48tCLCL 


tGHGL 
"!"ROO 
high to "!"ROO 
iow 
10 
us 


Ic;HDX 


Ic;HAX 


Philips 
Semiconductors 
Microcontroller 
Products 


DESCRIPTION 
The 83C51 FA and 87C51FA (hereafter 
generically referred to as 8XC51 FA) 
Single-Chip 8-Bit Microcontrollers are 
manufactured in an advanced CMOS 
process and are a derivatives of the 80C51 
microcontroller family. The 8XC51 FA has the 
same instruction set as the 80C51. 


This device provides architectural 
enhancements that make it applicable in a 
variety of applications for general control 
systems. The 8XC51 FA contains 8k x 8 
memory, a volatile 256 x 8 read/write data 
memory, four 8-bit I/O ports, three 16-bit 
timer/event counters, a Programmable 
Counter Array (PCA), a multi-source, 
two-priority-Ievel, nested interrupt structure, 
an enhanced UART and on-chip oscillator 
and timing circuits. For systems that require 
extra capability, the 8XC51 FA can be 
expanded using standard TTL compatible 
memories and logic. 


Its added features make it an even more 
powerful microcontroller for applications that 
require pulse width modulation, high-speed 
I/O and up/down counting capabilities such 
as motor control. It also has a more versatile 
serial channel that facilitates multiprocessor 
communications. 


FEATURES 


• 80C51 central processing unit 


• 8k x 8 EPROM (87C51 FA) 
8k x 8 ROM (83C51 FA) 
- 
expandable externally to 64k bytes 


- 
Quick Pulse programming algorithm 
- 
Two level program security system 


• 256 x 8 RAM, expandable externally to 
64k bytes 


• Three 16-bittimer/counters 


- T2 is an up/down counter 


• Programmable Counter Array (PCA) 
- 
High speed output 


- 
Capture/compare 


- 
Pulse Width Modulator 


- Watchdog Timer 


• Four 8-bit I/O ports 


• Full-duplex enhanced UART 
- 
Framing error detection 
- Automatic address recognition 


• Power control modes 


- 
Idle mode 
- 
Power-down mode 


• Once (On Circuit Emulation) Mode 


• Five package styles 


• OTP package available 


ROM 
EPROM 
TEMPERATURE RANGE °C AND PACKAGE' 
FREQ. 
DRAWING 


(MHz) 
NUMBER 


S83C51 FA-4N40 
S87C51 FA-4N40 
OTP 
o to +70, 40-Pin Plastic Dual in-line Package 
3.5 to 16 
0415C 


S87C51FA-4F40 
UV 
o to +70, 40-Pin Ceramic Dual In-line Package wlWindow 
3.5 to 16 
0590B 


S83C51 FA-4A44 
S87C51 FA-4A44 
OTP 
o to +70, 44-Pin Plastic Leaded Chip Carrier 
3.5 to 16 
0403G 


S87C51FA-4K44 
UV 
o to +70, 44-Pin Ceramic Leaded Chip Carrier wlWindow 
3.5 to 16 
1472A 


S83C51 FA-4B44 
S87C51 FA-4B44 
OTP 
o to +70, 44-Pin Plastic Quad Flat Pack 
3.5 to 16 
1118D 


S83C51 FA-5N40 
S87C51 FA-5N40 
OTP 
-40 to +85, 40-Pin Plastic Dual In-line Package 
3.5 to 16 
0415C 


S87C51 FA-5F40 
UV 
-40 to +85, 40-Pin Ceramic Dual In-line Package wlWindow 
3.5 to 16 
0590B 


S83C51FA-5A44 
S87C51 FA-5A44 
OTP 
-40 to +85, 44-Pin Plastic Leaded Chip Carrier 
3.5 to 16 
0403G 


S87C51FA-5K44 
UV 
-40 to +85, 44-Pin Ceramic Leaded Chip Carrier wlWindow 
3.5 to 16 
1472A 


S83C51 FA-5B44 
S87C51 FA-5B44 
OTP 
-40 to +85, 44-Pin Plastic Quad Flat Pack 
3.5 to 16 
1118D 


S83C51 FA-AN40 
S87C51 FA-AN40 
OTP 
o to +70, 40-Pin Plastic Dual In-line Package 
3.5 to 24 
0415C 


S87C51 FA-AF40 
UV 
o to +70, 40-Pin Ceramic Dual In-line Package wlWindow 
3.5 to 24 
0590B 


S83C51 FA-AA44 
S87C51FA-AA44 
OTP 
o to +70, 44-Pin Plastic Leaded Chip Carrier 
3.5 to 24 
0403G 


S87C51 FA-AK44 
UV 
o to +70, 44-Pin Ceramic Leaded Chip Carrier wlWindow 
3.5 to 24 
1472A 


S83C51 FA-BN40 
S87C51 FA-BN40 
OTP 
-40 to +85, 40-Pin Plastic Dual In-line Package 
3.5 to 24 
0415C 


S87C51 FA-BF40 
UV 
-40 to +85, 40-Pin Ceramic Dual In-line Package wlWindow 
3.5 to 24 
0590B 


S83C51FA-BA44 
S87C51 FA-BA44 
OTP 
-40 to +85, 44-Pin Plastic Leaded Chip Carrier 
3.5 to 24 
0403G 


S87C51 FA-BK44 
UV 
-40 to +85, 44-Pin Ceramic Leaded Chip Carrier wlWindow 
3.5 to 24 
1472A 


NOTE: 
1. OTP; 
One Time Programmable EPROM. UV ; Erasable EPROM. 


r------------- 
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I 
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--------------l 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


SFRs 


TIMERS 


P.C.A 


PIN NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


Vss 
20 
22 
16 
I 
Ground: 
OV reference. 


Vcc 
40 
44 
38 
I 
Power Supply: This is the power supply voltage for normal, idle, and power-down 
operation. 


PO.O-O.7 
39-32 
43-36 
37-30 
I/O 
Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1s written to 
them float and can be used as high-impedance inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to external program and data memory. In 
this application, it uses strong internal pull-ups when emitting 1s. Port 0 also outputs the 
code bytes during program verification and receives code bytes during EPROM 
programming. External pull-ups are required during program verification. 


P1.D-P1.7 
1-8 
2-9 
40-44, 
I/O 
Port 1: Port 1 is an 8-bit bidirectionalI/O 
port with internal pull-ups, except P1.6 and P1.7 
1-3 
which are open drain. Port 1 pins that have 1s written to them are pulled high by the internal 
pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: IrLl. 
Port 1 also receives the low-order address byte during program memory verification. 
Altemate functions include: 
1 
2 
40 
I 
T2 (P1.0): Timer/Counter 2 external count inpuVClockout 
2 
3 
41 
I 
T2EX (P1.1): Timer/Counter 2 Reload/Capture/Direction 
Control 


3 
4 
42 
I 
ECI (P1.2): External Clock Input to the PCA 
4 
5 
43 
I/O 
CEXO (P1.3): Capture/Compare 
Extemal I/O for PCA module 0 


5 
6 
44 
I/O 
CEX1 (P1.4): Capture/Compare 
External I/O for PCA module 1 
6 
7 
1 
I/O 
CEX2 (P1.5): Capture/Compare 
External I/O for PCA module 2 


7 
8 
2 
I/O 
CEX3 (P1.6): Capture/Compare 
External I/O for PCA module 3 


8 
9 
3 
I/O 
CEX4 (P1.7): Capture/Compare 
External I/O for PCA module 4 


PIN NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


P2.o-P2.7 
21-28 
24-31 
18-25 
I/O 
Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have 1s 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs. 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: IILl. Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to external data memory 
that use 16-bit addresses (MOVX @DPTR). In this application. it uses strong internal 
pull-ups when emitting 1s. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri). port 2 emits the contents of the P2 special function register. Some 
Port 2 pins receive the high order address bits during EPROM programming and 
verification. 


P3.o-P3.7 
10-17 
11. 
5. 
I/O 
Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1s 
13-19 
7-13 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs. 
port 3 pins that are extemally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: IILl. Port 3 also serves the special features of the 80C51 
family. as listed below: 


10 
11 
5 
I 
RxD (P3.0): Serial input port 


11 
13 
7 
0 
TxD (P3.1): Serial output port 


12 
14 
8 
I 
INTO (P3.2): External interrupt 


13 
15 
9 
I 
JfiITf (P3.3): External interrupt 


14 
16 
10 
I 
TO (P3.4): Timer 0 external input 
15 
17 
11 
I 
T1 (P3.5): Timer 1 external input 
16 
18 
12 
0 
WR (P3.6): External data memory write strobe 


17 
19 
13 
0 
R"O (P3.7): External data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running. resets the 
device. An internal diffused resistor to V55 permits a power-on reset using only an extemal 
capacitor to Vee. 


ALEIPROG 
30 
33 
27 
I/O 
Address 
Latch EnablelProgram 
Pulse: Output pulse for latching the low byte of the 


address during an access to external memory. In normal operation. ALE is emitted at a 
constant rate of 1/6 the oscillator frequency. and can be used for external timing or clocking. 
Note that one ALE pulse is skipped during each access to external data memory. This pin is 
also the program pulse input (PROG) during EPROM programming. 


PSEN 
29 
32 
26 
0 
Program 
Store Enable: The read strobe to external p~~E~m memory. When the 8XC51 FA 


is executing code from the external program memory. 
is activated twice each 


machine cycle. except that two PSEN activations are skipped during each access to 
extemal data memory. PSEN is not activated during fetches from internal program memory. 


El'.Npp 
31 
35 
29 
I 
External Access 
Enable/Programming 
Supply Voltage: 8'\ must be externally held low 


to enable the device to fetch code from extemal program memory locations OOOOHto 
1FFFH. If 8'\ is held high. the device executes from internal program memory unless the 
program counter contains an address greater than 1FFFH. This pin also receives the 
12.75V programming supply voltage (Vpp) during EPROM programming. If security bit 1 is 
programmed. 8'\ will be intemally latched on Reset. 


XTAL1 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator 


circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


NOTE: 
To avoid "latch-up" effect at power-on. the voltage on any pin at any time must not be higher than Vee + 0.5V or VS5 - 0.5V. respectively. 


TIMER 2 
This is a 16-bit up or down counter. which 
can be operated as either a timer or event 
counter. It can be operated in one of three 
different modes (autoreload. capture or as 
the baud rate generator for the UART). 


In the autoreload mode the Timer can be set 
to count up or down by setting or clearing the 
bit DCEN in the T2CON Special Function 
Register. The SFR's RCAP2H and RCAP2L 
are used to reload the Timer upon overflow or 
a 1-to-0 transition on the T2EX input (P1.1). 


In the Capture mode Timer 2 can either set 
TF2 and generate an interrupt or capture its 
value. To capture Timer 2 in response to a 
1-to-0 transition on the T2EX input. the 
EXEN2 bit in the T2CON must be set. Timer 
2 is then captured in SFR's RCAP2H and 
RCAP2L. 


As the baud rate generator. Timer 2 is 
selected by setting TCLK and/or RCLK in 
T2CON. As the baud rate generator Timer 2 
is incremented at '/2 the oscillator frequency. 


ENHANCED 
UART 


The 8XC51 FA UART has all of the 
capabilities of the standard 80C51 UART plus 
Framing Error Detection and Automatic 
Address Recognition. As in the 80C51. all 
four modes of operation are supported as 
well as the 9th bit in modes 2 and 3 that can 
be used to facilitate multiprocessor 
communication. 


The Framing Error Detection allows the 
UART to look for missing stop bits. If a Stop 


bit is missing, the FE bit in the SCON SFR is 
set. The FE bit can be checked after each 
transmission to detect communication errors. 
The FE bit can only be cleared by software 
and is not affected by a valid stop bit. 


Automatic Address Recognition is used to 
reduce the CPU service time for the serial 
port. The CPU only needs to service the 
UART when it is addressed and, with this 
done by the on-chip circuitry, the need for 
software overhead is greatly reduced. This 
mode works similar to the 9th bit 
communication mode, except that uses only 
8 bits and the Stop bit is used to cause the Rl 
bit to be set. There are two SFRs associated 
with this mode. They are SAD DR, which 
holds the slave address and SADEN, which 
contains a mask that allows selective 
masking of the slave address so that 
broadcast addresses can be used. 


PROGRAMMABLE 
COUNTER 


ARRAY 
The PCA is a sophisticated free-running 
16 bit Timer/Counter that drives 5 modules 
that can be individually configured as Capture 
inputs, software timers, high speed outputs, 
or pulse width modulated outputs. In addition, 
module 4 can be configured as a software 
controlled watchdog timer. 


The Timer portion of the PCA can be 
configured to run in one of four different 
modes. The modes are: 1/2 the oscillator 
frequency, 1/4 the oscillator frequency, 
Timer 0 overflows, or from the ECI input. 


For the Capture/Compare mode each of the 
modules has a pair of registers associated 
with it called CCAPnH and CCAPnL (where 
n ; 0, 1,2, 3, 4 depending on the module). 
Both positive and negative transitions can be 
captured. This means that the PCA has the 
flexibility to measure phase differences, duty 
cycles, pulse widths and a wide variety of 
other digital pulse characteristics. 


In the 16-bit software timer mode each of the 
modules can generate an interrupt upon a 
compare. 


For applications that require accurate pulse 
widths and edges the PCA modules can be 
used as High Speed Outputs (HSO). The 
PCA toggles the appropriate CEXn pin when 
there is a match between the PCA timer and 
the modules compare registers. 


The pulse width modulator mode for the PCA 
allows the conversion of digital information 
into analog signals. Each of the 5 modules 
can be used in this mode. The frequency of 
the PWM depends on the clock source for 
the PCA. The 8-bit PWM output is generated 
by comparing the low byte of the PCA (CL) 


with the module's CCAPnL SFR. When 
CL < CCAPnL, the output is high. When 
CL> CCAPnL, the output is low. 


POWER OFF FLAG 
The Power Off Flag (POF) is set by on-chip 
circuitry when the Vcc level on the 8XC51 FA 
rises from 0 to 5V. The POF bit can be set or 
cleared by software allowing a user to 
determine if the reset is the result of a 
power-on or a warm start after powerdown. 
The Vcc level must remain above 3V for the 
POF to remain unaffected by the Vcc level. 


OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-ehip 
oscillator. 


To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the extemal 
clock signal, because the input to the intemal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 


Reset 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on Vcc and RST must 
come up at the same time for a proper 
start-up. 


Idle Mode 
In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


Power-Down 
Mode 
To save even more power, a Power Down 
mode can be invoked by software. In this 


mode, the oscillator is stopped and the 
instruction that invoked Power Down is the 
last instruction executed. The on-chip RAM 
and Special Function Registers retain their 
values until the Power Down mode is 
terminated. 


On the 8XC51 FA either a hardware reset or 
extemal interrupt can use an exit from Power 
Down. Reset redefines all the SFRs but does 
not change the on-chip RAM. An external 
interrupt allows both the SFRs and the 
on-chip RAM to retain their values. 


To properly terminate Power Down the reset 
or extemal interrupt should not be executed 
before Vcc is restored to its normal operating 
level and must be held active long enough for 
the oscillator to restart and stabilize (normally 
iess than 10ms). 


With an external interrupt, INTOand INT1 
must be enabled and configured as 
level-sensitive. Holding the pin low restarts 
the oscillator but bringing the pin back high 
completes the exit. Once the interrupt is 
serviced, the next instruction to be executed 
after RETI will be the one following the 
instruction that put the device into Power 
Down. 


Design Consideration 
• When the idle mode is terminated by a 
hardware reset, the device normally 
resumes program execution, from where it 
left off, up to two machine cycles before the 
internal rest algorithm takes control. 
On-chip hardware inhibits access to 
internal RAM in this event, but access to 
the port pins is not inhibited. To eliminate 
the possibility of an unexpected write when 
Idle is terminated by reset, the instruction 
following the one that invokes Idle should 
not be one that writes to a port pin or to 
external memory. 


ONCETM Mode 
The ONCE ("On-Circuit Emulation") Mode 
facilitates testing and debugging of systems 
using the 8XC51 FA without the 8XC51 FA 
having to be removed from the circuit. The 
ONCE Mode is invoked by: 
1. Pull ALE low while the device is in reset 


and 1'SEIil is high; 


2. 
Hold ALE low as RST is deactivated. 


While the device is in ONCE Mode, the Port 0 
pins go into a float state, and the other port 
pins and ALE and 1'SEIil are weakly pulled 
high. The oscillator circuit remains active. 
While the 8XC51 FA is in this mode, an 
emulator or test CPU can be used to drive 
the circuit. 
Normal 
operation 
is restored 
when 
a normal reset is applied. 


PROGRAM 


MODE 
MEMORY 
ALE 
J5SEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
·0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


PARAMETER 
RATING 
UNIT 


Operating temperature under bias 
o to +70 or -40 to +85 
'C 


Storage temperature range 
-65 to +150 
'C 


Voltage on EAiVpp pin to Vss 
o to +13.0 
V 


Voltage on any other pin to Vss 
-0.5 to +6.5 
V 


Maximum IOLper I/O pin 
15 
mA 


Power dissipation (based on package heat transfer limitations, not 
1.5 
W 
device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 
2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


Electrical 
Deviations 
from Commercial 
Specifications 
for Extended Temperature 
Range 


DC and AC parameters not included here are the same as in the commercial temperature range table. 


DC ELECTRICAL 
CHARACTERISTICS 
Tamb=-40'C 
to +85'C, Vcc = 5V ±10%, Vss = ov 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


VIL 
Input low voltage, except EA 
-0.5 
0.2Vcc-D·15 
V 


VIL1 
Input low voltage to EA 
0 
0.2Vcc-D·35 
V 


VIH 
Input high voltage, except XTAL 1, RST 
0.2Vcc+1 
Vcc+0.5 
V 


VIHl 
Input high voitage to XTAL 1, RST 
0.7Vcc+0.1 
Vcc+0.5 
V 


IlL 
Logical 0 input current, ports 1, 2, 3 
VIN = 0.45V 
-75 
I'A 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 3 
VIN = 2.0V 
-750 
I'A 


Icc 
Power supply current: 
Vcc = 4.5-5.5V, 


Active mode 
Frequency range = 
19 
mA 
Idle mode 
3.5 to 16MHz 
6 
mA 
Power-down mode 
50 
IlA 


DC ELECTRICAL 
CHARACTERISTICS 


Tomb= O°Cto +70°C or -40°C to +B5°C, Vee = 5V ±10%, Vss = OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYp1 
MAX 
UNIT 


VIL 
Input low voltage, except E;I1 
-{).5 
0.2Vec--<l·1 
V 


VIL1 
Input low voltage to E;I1 
0 
0.2Vec--<l·3 
V 


VIH 
Input high voltage, except XTAL 1, RST7 
0.2Vec+O·9 
Vee+0.5 
V 


VIH1 
Input high voltage, XTAL 1, RST7 
O·7Vee 
Vee+0.5 
V 


VOL 
Output low voltage, ports 1, 2, 39 
IOL= 1001lA 
0.3 
V 
IOL= 1.6mA2 
0.45 
V 
IOL= 3.5mA 
1.0 
V 


VOLl 
Output low voltage, port 0, ALE, "PSEfl9 
IOL= 2001lA 
0.3 
V 
IOL=3.2mA2 
0.45 
V 
IOL=7.0mA 
1.0 
V 


VOH 
Output high voltage, ports 1, 2, 3, ALE, J'SEI'l3 
IOH= -&lIlA, 
Vee -1.5 
V 
IOH= --301lA 
Vee-0.7 
V 
IOH=-101lA 
Vee-0.3 
V 


VOH1 
Output high voltage (port 0 in extemal bus mode), 
IOH= -7.0mA, 
Vee-1.5 
V 
ALE10, "PSEW 
IOH=-3·2mA 
Vee-0.7 
V 
IOH= -2001lA 
Vee-0.3 
V 


IlL 
Logical 0 input current, ports 1, 2, 37 
V1N= O.45V 
-50 
IlA 


ITL 
Logical l-to-O transition current, ports 1, 2, 37 
See note 4 
-650 
IlA 


III 
Input leakage current, port 0 
0.45 V1N< 
±10 
IlA 
Vee-0.3 


Ice 
Power supply current:7 
See note 6 
Active mode @ 16MHz5 
15 
25 
mA 


Idle mode @ 16MHz 
3 
5 
mA 
Power-down mode 
10 
75 
IlA 


RRST 
Intemal reset pull-down resistor 
50 
225 
ill 


CIO 
Pin capacitance'1 (except EA) 
15 
pF 
NOTES: 
1. Typical ratings are not guaranteed. The values listed are at room temperature, 5V. 
2. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VoLs of ALE and ports 1 and 3. The noise is due 


to extemal bus capacitance discharging into the port 0 and port 2 pins when these pins make l-to-O transitions during bus operations. In the 
worst cases (capacitive loading> 
l00pF), the noise pulse on the ALE pin may exceed O.BV.In such cases, it may be desirable to qualify 


ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 
3. 
Capacitive loading on ports 0 and 2 may cause the VOH on ALE and J5SEIiI to momentarily fall below the 0.9Vee specification when the 
address bits are stabilizing. 
4. 
Pins of ports 1, 2 and 3 source a transition current when they are being extemally driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 2V. 


5. 
leeMAX at other frequencies is given by: Active mode: leeMAX = 1.50 x FREQ + B: Idle mode: ICCMAX= 0.14 x FREQ +2.31, 
where FREQ is the extemal oscillator frequency in MHz. IceMAX is given in mA. See Figure B. 


6. See Figures 9 through 12 for Ice test conditions. 
7. These values apply only to Tomb= O°Cto +70°C. For Tomb= -4Q°C to +B5°C, see table on previous page. 
B. Load capacitance for port 0, ALE, and J5SEIiI = l00pF, load capacitance for all other outputs = BOpF. 
9. 
Under steady state (non-transient) conditions, IOLmust be extemally limited as follows: 
Maximum IOLper port pin: 
15mA ('NOTE: This is B5°C specification.) 


Maximum IOLper B-bit port: 
26mA 


Maximum totailOL for all outputs: 
71mA 


If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 
10.ALE is tested to VOH1•except when ALE is off then VOH is the voltage specification. 
11. Pin capacitance is less than 25pF. Pin capacitance of ceramic package is less than 15pF (except EA it is 25pF). 


AC ELECTRICAL 
CHARACTERISTICS 
Tamb; O°Cto +70°C or -40°C to +85°C, VCC; 
5V ±10%, VSS; 
OV1,2, 3 


16MHz CLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1/lcLCL 
1 
Oscillator frequency 
-4,-5 
3.5 
16 
MHz 


-A,-B 
3.5 
24 
MHz 


tLHLL 
1 
ALE pulse width 
85 
2lcLCL-40 
ns 


tAVLL 
1 
Address valid to ALE low 
22 
lcLCL-40 
ns 


tLLAX 
1 
Address hold after ALE low 
32 
lcLCL-30 
ns 


tLLlV 
1 
ALE low to valid instruction in 
150 
4lcLCL-100 
ns 


tLLPL 
1 
ALE low to"F'SEN low 
32 
lcLCL-30 
ns 


tPLPH 
1 
"F'SENpulse width 
142 
3tCLCL-45 
ns 


tPLIV 
1 
"F'SENlow to valid instruction in 
82 
3tCLCL-105 
ns 


tPXIX 
1 
Input instruction hold after F'SElIl 
0 
0 
ns 


tPXIZ 
1 
Input instruction float after "F'SEN 
37 
lcLCL-25 
ns 


tAVIV 
1 
Address to valid instruction in 
207 
5lcLCL-105 
ns 


tpLAZ 
1 
"F'SENlow to address float 
10 
10 
ns 


Data Memory 


tRLRH 
2,3 
RU pulse width 
275 
6lcLCL-100 
ns 


tWLWH 
2,3 
WR pulse width 
275 
6lcLCL-100 
ns 


tRLDV 
2,3 
RU low to valid data in 
147 
5tCLCL-165 
ns 


tRHDX 
2,3 
Data hold after RU 
0 
0 
ns 


tRHDZ 
2,3 
Data float after RU 
65 
2lcLCL-B0 
ns 


tLLDV 
2,3 
ALE low to valid data in 
350 
8lcLCL-150 
ns 


tAVDV 
2,3 
Address to valid data in 
397 
9lcLCL-165 
ns 


tLLWL 
2,3 
ALE low to RU or WR low 
137 
237 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
2,3 
Address valid to WR low or RU low 
175 
4lcLCL-75 
ns 


tQVWX 
2,3 
Data valid to WR transition 
42 
tCLCL-20 
ns 


tWHQX 
2,3 
Data hold after WR 
42 
lcLCL-20 
ns 


tQVWH 
3 
Data valid to WR high 
287 
7lcLCL-150 
ns 


tRLAZ 
2,3 
RU low to address float 
0 
0 
ns 


tWHLH 
2,3 
RU or WR high to ALE high 
40 
87 
lcLCL-20 
lcLCL+25 
ns 


External Clock 


tCHCX 
5 
High time 
12 
20 
ns 


tCLCX 
5 
Low time 
12 
20 
ns 


tCLCH 
5 
Rise time 
20 
20 
ns 


tCHCL 
5 
Fall time 
20 
20 
ns 


Shift Register 


tXLXL 
4 
Serial port clock cycle time 
1 
12lcLCL 
I's 


taVXH 
4 
Output data setup to clock rising edge 
492 
1OlcLCL-133 
ns 


tXHQX 
4 
Output data hold after clock rising edge 
8 
2lcLCL-117 
ns 


tXHDX 
4 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
4 
Clock rising edge to input data valid 
492 
1OtCLCL-133 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and"F'SEN; 
100pF, load capacitance for all other outputs; 
80pF. 
3. 
Intertacing the 8XC51 FA to devices with float times up to 45ns is permitted. This limited bus contention wiil not cause damage to Port 0 
drivers. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
Q - Output data 
first character is always 'I' (= time). The other 
R - m:> signal 


characters, depending on their positions, 
t - Time 


indicate the name of a signal or the logical 
V - Valid 
status of that signal. The designations are: 
W- 
WFl signal 


A - Address 
X - No longer a valid logic level 


C - Clock 
Z - 
Float 
D - Input data 
Examples: tAVLL= Time for address valid to 
H - Logic level high 
ALE iow. 


I - Instruction (program memory contents) 
tLLPL= Time for ALE low to 
L - Logic level low, or ALE 
t>SElIIlow. 
p - t>SElII 


r- tXLXL-1 


I 
-II-tXHQX I 


taVXH 1-------1 I 


INPUT 
DATA 
'----t' 


CLEAA 
AI 


VCC-<>·5 


O.45V 


VCC-<>5 =x 
>C 
o 2VCC+0 
9 


o 45V'- 
.0_2V_C'-C'--Q_' 
_ 


TIMING 
REFERENCE 
POINTS 


NOTE, 


AC inputs 
during 
testing 
are driven 
at VCC 
-0.5 
for a-logic 
'1' and O.45V 
lor a logic '0'. 


Timing 
measurements 
are made 
at VIH 
min for a logic '" 
and VIL for a logic '0', 


NOTE: 


For liming 
purposes, 
a port is no longer 
floating 
when 
a 100mV 
change 
from load 


voltage 
occurs, 
and begins 
10 1I0at when 
a lOOmV 
change 
from the loaded VOHI 
VOL level occurs. IOH/10L ~ ± 20mA. 


35 


30 


25 


20 


ICernA 


'5 


10 


Figure 9. Ice Test Condition, 
Active Mode 
All other pins are disconnected 
Figure 10. Ice Test Condition,ldle 
Mode 


All other pins are disconnected 


Ve~·5 
- 
- 
-- 


o·7Vec 
O.45V 
O.2VC~.1 


Figure 11. Clock Signal Waveform 
for Icc Tests in Active and Idle Modes 


teLCH = tCHCL = 5ns 


Figure 12. Ice Test Condition, 
Power Down Mode 
All other pins are disconnected. 
Vce = 2V to 5.5V 


EPROM CHARACTERISTICS 
The 87CS1FA is programmed by using a 
modified Quick-Pulse Programming'" 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
AL~pulses. 


The 87C51 FA contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C51 FA manufactured by Philips. 


Table 2 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the security bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 13 and 14. Figure 15 shows 
the circuit configuration for normal program 
memory verification. 


Quick-Pulse 
Programming 


The setup for microcontroller quick-pulse 
programming is shown in Figure 13. Note that 
the 87C51 FA is running with a 3.5MHz to 
12MHz oscillator. The reason the oscillator 
needs to be running is that the device is 
executing internal address and program data 
transfers. 


The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 13. The code byte to be 
programmed into that location is applied to 
port o. RST,PSrn and pins of ports 2 and 3 
specified in Table 2 are held at the 'Program 
Code Data' levels indicated in Table 2. The 
ALEII'ROO 
is pulsed low 15 to 25 times as 


shown in Figure 14. 


To program the encryption table, repeat the 
15 to 25 pulse programming sequence for 
addresses 0 through 1FH, using the 'Pgm 
Encryption Table' levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 


To program the security bits, repeat the 15 to 
25 pulse programming sequence using the 
'Pgm Security Bit' levels. After one security 
bit is programmed, further programming of 
the code memory and encryption table is 
disabled. However, the other security bit can 
still be programmed. 


Note that the ~ 
pp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 


Program Verification 
If security bit 2 has not been programmed, 
the on-chip program memory can be read out 
for program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 15. The other pins are held at the 
'Verify Code Data' levels indicated in Table 2. 
The contents of the address location will be 
emitted on port O.External pull-ups are 
required on port 0 for this operation. 


If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 


The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 
(030H) = 
15H indicates manufactured by 
Philips 


(031H) = 
B1H indicates 87C51FA 


ProgramNerify 
Algorithms 
Any algorithm in agreement with the 
conditions listed in Table 2, and which 
satisfies the timing specifications, is suitable. 


Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary 
effects, it 


is recommended 
that an opaque label be 


placed over the window. 
For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-s/cm2. Exposing the EPROM to an 
ultraviolet lamp of 12,000~W/cm2 rating for 
20 to 39 minutes, at a distance of about 
1 inch, should be sufficient. 


Erasure leaves the array in an all 1s state. 


MODE 
RST 
JSSER 
ALEIPROG 
r=A!Vpp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program code data 
1 
0 
O' 
Vpp 
1 
0 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 


Pgm encryption table 
1 
0 
O' 
Vpp 
1 
0 
1 
0 


Pgm security bit 1 
1 
0 
O' 
Vpp 
1 
1 
1 
1 


Pgm security bit 2 
1 
0 
O' 
Vpp 
1 
1 
0 
0 


NOTES. 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 
2. Vpp = 12.75V ±0.25V. 
3. Vcc = 5V±1 0% during programming and verification. 


ALEIPROG receives 15 to 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 50~s to 100~s and high 
for a m,nlmum of 1O~s. 
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P2.6 
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VSS 


EPROM PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb = 21°C 
to +27°C, 
VCC = 5V±10%, 
Vss = OV (See 
Figure 
16) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply 
currenl 
50 
mA 


1/tCLCL 
Oscillator 
frequency 


. 


4 
6 
MHz 


tAVGL 
Address 
setup 
to moo low 
48teLCL 


tGHAX 
Address 
hold 
after moo 
48tCLCL 


tOVGL 
Data 
setup 
to moo low 
48teLCL 


tGHOX 
Data 
hold 
after moo 
48tCLCL 


tEHSH 
P2.7 (El'ilABLE) 
high to Vpp 
48teLCL 


tSHGL 
Vpp setup 
to moo low 
10 
~s 


l(;HSL 
Vpp 
hold 
after moo 
10 
~s 


tGLGH 
moo width 
50 
100 
~s 


lAVQV 
Address 
to data 
valid 
48lCLCL 


tELQZ 
El'ilABLE 
low to data 
valid 
48teLCL 


lEHQZ 
Data 
fioat 
after E1\IASLE 
0 
48tCLCL 


l(;HGL 
moo high to moo low 
10 
~s 


Philips Semiconductors 
Microcontroller 
Products 


DESCRIPTION 
The 83C51 FB/87C51 FB (hereafter 
collectively called 8XC51 FB) Single-Chip 
8-Bit Microcontroller is manufactured in an 
advanced CMOS process and is a derivative 
of the 80C51 microcontroller family. The 
8XC51 FB has the same instruction set as the 
80C51. 


This device provides architectural 
enhancements that make it applicable in a 
variety of applications for general control 
systems. The 87C51 FB contains 16k x 8 
EPROM memory, the 83C51 FB contains 
16k x 8 ROM memory, a volatile 256 x 8 
read/write data memory, four 8-bit I/O ports, 
three 16-bit timer/event counters, a 
Programmable Counter Array (PCA), a 
multi-source, two-priority-Ievel, nested 
interrupt structure, an enhanced UART and 
on-chip oscillator and timing circuits. For 
systems that require extra capability, the 
87C51 FB can be expanded using standard 
TIL compatible memories and logic. 


Its added features make it an even more 
powerful microcontroller for applications that 
require pulse width modulation, high-speed 
I/O and up/down counting capabilities such 
as motor control. It also has a more versatile 
serial channel that facilitates multiprocessor 
communications. 


FEATURES 
• 80C51 central processing unit 
• 16k x 8 EPROM expandable extemally to 
64k bytes (87C51 FB) 
- Quick Pulse programming algorithm 


- Two ievel program security system 


• 
16k x 8 ROM (83C51FB) 


• 256 x 8 RAM, expandable externally to 


64k bytes 


• Three 16-bittimer/counters 


- T2 is an up/down counter 
• Programmable Counter Array (PCA) 


- 
High speed output 


- 
Capture/compare 


- 
Pulse Width Modulator 


- 
Watchdog Timer 


• Four 8-bit I/O ports 
• Full-duplex enhanced UART 
- 
Framing error detection 
- Automatic address recognition 


• Power control modes 


- 
Idle mode 


- 
Power-down mode 


• Once (On Circuit Emulation) Mode 
• Five package styles 
• OTP package available 


ROM 
EPROM 
TEMPERATURE RANGE ·C AND PACKAGE' 
FREQ. 
DRAWING 


(MHz) 
NUMBER 


S83C51FB-4N40 
S87C51 FB-4N40 
OTP 
o to +70, 40-Pin Plastic Dual In-line Package 
3.5 to 16 
0415C 


S87C51 FB-4F40 
UV 
o to +70, 40-Pin Ceramic Dual In-line Package wlWindow 
3.5 to 16 
0590B 


S83C51 FB-4A44 
S87C51 FB-4A44 
OTP 
o to +70, 44-Pin Plastic Leaded Chip Carrier 
3.5 to 16 
0403G 


S87C51 FB-4K44 
UV 
o to +70, 44-Pin Ceramic Leaded Chip Carrier wlWindow 
3.5 to 16 
1472A 


S83C51FB-4B44 
S87C51FB-4B44 
OTP 
o to +70, 44-Pin Plastic Quad Flat Pack 
3.5 to 16 
1118D 


S83C51FB-5N40 
S87C51 FB-5N40 
OTP 
-40 to +85, 40-Pin Plastic Duai In-line Package 
3.5 to 16 
0415C 


S87C51FB-5F40 
UV 
-40 to +85, 40-Pin Ceramic Dual In-line Package wlWindow 
3.5 to 16 
0590B 


S83C51FB-5A44 
S87C51 FB-5A44 
OTP 
-40 to +85, 44-Pin Plastic Leaded Chip Carrier 
3.5 to 16 
0403G 


S87C51FB-5K44 
UV 
-40 to +85, 44-Pin Ceramic Leaded Chip Carrier wlWindow 
3.5 to 16 
1472A 


S83C51FB-5B44 
S87C51FB-5B44 
OTP 
-40 to +85, 44·Pin Plastic Quad Flat Pack 
3.5 to 16 
1118D 


S83C51 FB-AN40 
S87C51 FB-AN40 
OTP 
o to +70, 40-Pin Plastic Dual In-line Package 
3.5 to 24 
0415C 


S87C51FB-AF40 
UV 
o to +70, 40-Pin Ceramic Dual In-line Package wlWindow 
3.5 to 24 
0590B 


S83C51 FB-AA44 
S87C51 FB-AA44 
OTP 
o to +70, 44-Pin Plastic Leaded Chip Carrier 
3.5 to 24 
0403G 


S87C51 FB-AK44 
UV 
o to +70, 44-Pin Ceramic Leaded Chip Carrier wlWindow 
3.5 to 24 
1472A 


S83C51FB-BN40 
S87C51 FB-BN40 
OTP 
-40 to +85, 40-Pin Plastic Dual In-line Package 
3.5 to 24 
0415C 


S87C51FB-BF40 
UV 
-40 to +85, 40-Pin Ceramic Dual In-line Package wlWindow 
3.5 to 24 
0590B 


S83C51FB-BA44 
S87C51FB-BA44 
OTP 
-40 to +85, 44-Pin Plastic Leaded Chip Carrier 
3.5 to 24 
0403G 


S87C51 FB-BK44 
UV 
-40 to +85, 44-Pin Ceramic Leaded Chip Carrier wlWindow 
3.5 to 24 
1472A 


NOTE: 
1. OTP = One Time Programmable EPROM. 
UV = Erasable EPROM. 


r------------- 
I 
I 


vccl 
I 
vssl 
..-L 
1 
=-1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


--------------l 
I 
I 
I 
I 


t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
__________ 
--.J 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 
RESET 


ADDRESS MSB 
LSB 
VALUE 


ACC" 
Accumulator 
EDH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


AUXR# 
Auxiliary 
8EH 
- 
I 
- 
- 
- 
I 
- 
- 
I - 
AO 
xxxxxxxOB 


B" 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


CCAPDH# 
Module 0 Capture High 
FAH 
xxxxxxxxB 


CCAP1H# 
Module 1 Capture High 
FBH 
xxxxxxxxB 


CCAP2H# 
Module 2 Capture High 
FCH 
xxxxxxxxB 


CCAP3H# 
Module 3 Capture High 
FDH 
xxxxxxxxB 


CCAP4H# 
Module 4 Capture High 
FEH 
xxxxxxxxB 
CCAPDL# 
Module 0 Capture Low 
EAH 
xxxxxxxxB 
CCAP1L# 
Module 1 Capture Low 
EBH 
xxxxxxxxB 
CCAP2L# 
Module 2 Capture Low 
ECH 
xxxxxxxxB 
CCAP3L# 
Module 3 Capture Low 
EDH 
xxxxxxxxB 
CCAP4L# 
Module 4 Capture Low 
EEH 
xxxxxxxxB 


CCAPMO# 
Module 0 Mode 
DAH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM1# 
Module 1 Mode 
DBH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM2# 
Module 2 Mode 
DCH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM3# 
Module 3 Mode 
DOH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM4# 
Module 4 Mode 
DEH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


OF 
DE 
DO 
DC 
DB 
DA 
09 
08 


CCOW# 
PCA Counter Control 
D8H 
CF 
I 
CR 
I 
- 
CCF4 
CCF3 
CCF2 I CCF1 
CCFO 
OOxOOOOOB 
CH# 
PCA Counter High 
F9H 
OOH 
CL# 
PCA Counter Low 
E9H 
OOH 


CMOD# 
PCA Counter Mode 
D9H 
CIDL 
I WDTE 
- 
- 
I 
- 
CPS1 I CPSO 
ECF 
OOxxxOOOB 


DPTR: 
Data Pointer (2 bytes) 
DPH 
Data Pointer High 
83H 
OOH 


DPL 
Data Pointer Low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE" 
Interrupt Enable 
A8H 
EA 
I 
EC 
ET2 
ES 
I 
ET1 
EX1 I ETO 
EXO 
OOH 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP" 
Interrupt Priority 
B8H 
- 
I 
PPC 
PT2 
PS 
I 
PT1 
PX1 I 
PTO 
PXO 
xOOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO" 
PortO 
80H 
AD7 
I 
AD6 
AD5 
AD4 
I 
AD3 
AD2 I AD1 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1" 
Port 1 
90H 
CEX4 I CEX3 
CEX2 
CEX1 I CEXO 
EXI 
T2EX 
T2 
FFH 


A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 


P2" 
Port 2 
AOH 
AD15 I AD14 
AD13 
AD12 I AD11 
AD10 
AD9 
AD8 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


P3" 
Port 3 
BOH 
"AU 
IWR 
T1 
TO 
I 
II'JTT 
1NTO 
TxD 
I 
RxD 
FFH 


PCON 
Power Control 
87H 
SMOD1 I SMODO 
- 
pOF1 I 
GF1 
GFO 
PO 
I 
IDL 
OOxxxxOOB 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 


ADDRESS MSB 
LSB 
VALUE 


07 
06 
05 
04 
03 
02 
01 
00 


PSW' 
Program Status Word 
OOH 
CY 
I 
AC 
I 
FO 
I 
RS1 I 
RSO I 
OV 
I - 
I 
P 
OOH 


RACAP2H# 
Timer 2 Capture High 
CBH 
OOH 
RACAP2L# 
Timer 2 Capture Low 
CAH 
OOH 


SAOOR# 
Slave Address 
A9H 
OOH 
SADEN# 
Slave Address Mask 
B9H 
OOH 


SBUF 
Serial Data Buffer 
99H 
xxxxxxxxB 


9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


SCOW 
Serial Control 
9BH 
SMO I 
SM1 
I 
SM2 
I REN I 
TB8 
I 
RB8 I 
TI 
I 
RI 
OOH 


SP 
Stack Pointer 
B1H 
07H 


8F 
8E 
BO 
BC 
BB 
BA 
89 
BB 


TCOW 
Timer Control 
88H 
TF1 
I 
TR1 I 
TFO I 
TRO I 
IE1 
I 
IT1 
I 
IEO I 
ITO 
OOH 


CF 
CE 
CO 
CC 
CB 
CA 
C9 
C8 


T2COW 
Timer 2 Control 
C8H 
TF2 
I EXF2 I RCLK I TCLK I EXEN2 I TR2 
I Crr2 
ICP/RL2 
OOH 


T2MOD# 
Timer 2 Mode Control 
C9H 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I - 
I OCEN 
xxxxxxxOB 


THO 
Timer High 0 
8CH 
OOH 
TH1 
Timer High 1 
80H 
OOH 
TH2# 
Timer High 2 
CDH 
OOH 
TLO 
Timer Low 0 
8AH 
OOH 
TL1 
Timer Low 1 
8BH 
OOH 
TL2# 
Timer Low 2 
CCH 
OOH 


TMOO 
Timer Mode 
89H 
GATE I 
crr 
I 
M1 
I 
MO 
I GATE I 
crr 
I 
M1 
I 
MO 
OOH 


C7 
C6 
C5 
C4 
C3 
C2 
C1 
CO 
SFRs are bit addressable. 
# 
SFRs are modified from or added to the 80C51 SFRs. 
1. Reset value depends on reset source. 


PIN NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


VSS 
20 
22 
16 
I 
Ground: 
OV reference. 


Vcc 
40 
44 
38 
I 
Power Supply: This is the power supply voltage for normal, idle, and power-down 
operation. 


PO.D-O.7 
39-32 
43-36 
37-30 
I/O 
Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1s written to 
them float and can be used as high-impedance inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to external program and data memory. In 
this application, it uses strong internal pull-ups when emitting 1s. Port 0 also outputs the 
code bytes during program verification and receives code bytes during EPROM 
programrning. External pull-ups are required during program verification. 


P1.D-P1.7 
1-8 
2-9 
40-44, 
I/O 
Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups, except P1.6 and P1.7 
1-3 
which are open drain. Port 1 pins that have 1s written to them are pulled high by the internal 
pull-ups and can be used as inputs. As inputs, port 1 pins that are ex1ernally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: IrLl. 
Port 1 also receives the low-order address byte during program memory verification. 
Alternate functions include: 
1 
2 
40 
I 
T2 (P1.0): Timer/Counter 2 ex1ernal count inputiClockout 


2 
3 
41 
I 
T2EX (P1.1): Timer/Counter 2 Reload/Capture/Direction 
Control 


3 
4 
42 
I 
ECI (P1.2): External Clock Input to the PCA 


4 
5 
43 
I/O 
CEXO (P1.3): Capture/Compare External I/O for PCA module 0 


5 
6 
44 
I/O 
CEX1 (P1.4): Capture/Compare External I/O for PCA module 1 


6 
7 
1 
I/O 
CEX2 (P1.5): Capture/Compare 
External I/O for PCA module 2 


7 
8 
2 
I/O 
CEX3 (P1.6): Capture/Compare 
External I/O for PCA module 3 


8 
9 
3 
I/O 
CEX4 (P1.7): Capture/Compare 
External I/O for PCA module 4 


PIN NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


P2.o-P2.7 
21-28 
24-31 
18-25 
1/0 
Port 2: Port 2 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 2 pins that have 1s 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: IlL)' Port 2 emits the high-order address byte 
during fetches from elcternal program memory and during accesses to external data memory 
that use 16-bit addresses (MOVX @DPTR). In this application, it uses strong internal 
pull-ups when emitting 1s. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. Some 
Port 2 pins receive the high order address bits during EPROM programming and 
verification. 


P3.o-P3.7 
10-17 
11, 
5, 
1/0 
Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3 pins that have 1s 
13--19 
7-13 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 3 pins that are elcternally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: IILl. Port 3 also serves the special features of the 80C51 
family, as listed below: 
10 
11 
5 
I 
RxD (P3.0): Serial input port 
11 
13 
7 
0 
TxD (P3.1): Serial output port 
12 
14 
8 
I 
mm (P3.2): External interrupt 
13 
15 
9 
I 
JRTl (P3.3): External interrupt 
14 
16 
10 
I 
TO (P3.4): TImer 0 elcternal input 
15 
17 
11 
I 
T1 (P3.5): Timer 1 external input 
16 
18 
12 
0 
WR (P3.6): External data memory write strobe 
17 
19 
13 
0 
Rn (P3.7): External data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power·on reset using only an elcternal 
capacitor to Vee. 


ALEJI5"ROO 
30 
33 
27 
1/0 
Address 
Latch Enable/Program 
Pulse: Output pulse for latching the low byte of the 
address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for elcternaltiming or clocking. 
Note that one ALE pulse is skipped during each access to elcternal data memory. This pin is 
also the program pulse input (PROO) during EPROM programming. 
~ 
29 
32 
26 
0 
Program 
Store Enable: The read strobe to external ppo~tm 
memory. When the 87C51 FB 
is executing code from the external program memory, 
is activated twice each 


machine cycle, except that two ~ 
activations are skipped during each access to 


elcternal data memory. ~ 
is not activated during fetches from internal program memory. 


Fl\Npp 
31 
35 
29 
I 
External Access 
Enable/Programming 
Supply Voltage: EA must be externally held low 
to enable the device to fetch code from elcternal program memory locations OOOOHand 
3FFFH. If EA is held high, the device executes from internal program memory unless the 


, 
program counter contains an address greater than 3FFFH. This pin also receives the 
12.75V programming supply voltage (Vpp) during EPROM programming. If security bit 1 is 
programmed, EA will be internally latched on Reset. 


XTAL1 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


NOTE: 
To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher than Vee + 0.5V or Vss - 0.5V, respectively. 


TIMER 2 
This is a 16·bit up or down counter, which 
can be operated as either a timer or event 
counter. It can be operated in one of three 
different modes (autoreload, capture or as 
the baud rate generator for the UART). 


In the auto reload mode the TImer can be set 
to count up or down by setting or clearing the 
bit DCEN in the T2CON Special Function 
Register. The SFR's RCAP2H and RCAP2L 
are used to reload the Timer upon overflow or 
a 1-to-0 transition on the T2EX input (P1.1). 


In the Capture mode Timer 2 can either set 
TF2 and generate an interrupt or capture its 
value. To capture Timer 2 in response to a 
1·to-0 transition on the T2EX input, the 
EXEN2 bit in the T2CON must be set. Timer 
2 is then captured in SFR's RCAP2H and 
RCAP2L. 


As the baud rate generator, TImer 2 is 
selected by setting TCLK andlor 
RCLK in 
T2CON. As the baud rate generator TImer 2 
is incremented at 1/2 the oscillator frequency. 


POWER 
OFF FLAG 
The Power Off Flag (POF) is set by on-chip 
circuitry when the Vee level on the 87C51 FB 
rises from 0 to 5V. The POF bit can be set or 
cleared by software allowing a user to 
determine if the reset is the result of a 
power-on or a warm start after powerdown. 
The Vee level must remain above 3V for the 
POF to remain unaffected by the Vcc level. 


OSCILLATOR 
CHARACTERISTICS 
XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator. 


To drive the device from an ex1ernal clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the intemal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 


Reset 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on Vcc and RST must 
come up at the same time for a proper 
start-up. 


Idle Mode 
In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal o~erating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 


mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-en reset. 


Power-Down 
Mode 
To save even more power, a Power Down 
mode can be invoked by software. In this 
mode, the oscillator is stopped and the 
instruction that invoked Power Down is the 
last instruction executed. The on-chip RAM 
and Special Function Registers retain their 
values until the Power Down mode is 
terminated. 


On the 8lCS1 FB either a hardware reset or 
external interrupt can use an exit from Power 
Down. Reset redefines all the SFRs but does 
not char.ge the on-chip RAM. An external 
interrupt allows both the SFRs and the 
on-chip RAM to retain their values. 


To properly terminate Power Down the reset 
or external interrupt should not be executed 
before Vcc is restored to its normal operating 
level and must be held active long enough for 
the oscillator to restart and stabilize (normally 
less than 10ms). 


With an external interrupt, INTOand INT1 
must be enabled and configured as 
level-sensitive. Holding the pin low restarts 
the oscillator but bringing the pin back high 
completes the exit. Once the interrupt is 
serviced, the next instruction to be executed 
after RETI will be the one following the 


Design Consideration 
• When the idle mode is terminated by a 
hardware reset, the device normally 
resumes program execution, from where it 
left off, up to two machine cycles before the 
internal rest algorithm takes control. 
On-chip hardware inhibits access to 
internal RAM in this event, but access to 
the port pins is not inhibited. To eliminate 
the possibility of an unexpected write when 
Idle is terminated by reset, the instruction 
following the one that invokes Idle should 
not be one that writes to a port pin or to 
external memory. 


ONCETM Mode 
The ONCE ("On-Circuit Emulation") Mode 
facilitates testing and debugging of systems 
using the 8lCS1 FB without the 8lCS1 FB 
having to be removed from the circuit. The 
ONCE Mode is invoked by: 
1. Pull ALE low while the device is in reset 
and J5SEII is high; 


2. 
Hold ALE low as RST is deactivated. 


While the device is in ONCE Mode, the Port 0 
pins go into a float state, and the other port 
pins and ALE and J5SEII are weakly pulled 
high. The oscillator circuit remains active. 
While the 8lCS1 FB is in this mode, an 
emulator or test CPU can be used to drive 
the circuit. Normal operation is restored when 
a normal reset is applied. 


PROGRAM 


MODE 
MEMORY 
ALE 
~ 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
a 
a 
Data 
Data 
Data 
Data 


Power-down 
External 
a 
a 
Float 
Data 
Data 
Data 


Programmable 
Counter 
Array 
(PCA) 
The Programmable Counter Array is a 
special Timer that has five 1G-bit 
capture/compare modules associated with it. 
Each of the modules can be programmed to 
operate in one of four modes: rising and/or 
falling edge capture, software timer, 
high-speed output, or pulse width modulator. 
Each module has a pin associated with it in 
port 1. Module 0 is connected to P1.3(CEXO), 
module 1 to P1.4(CEX1), etc. The basic PCA 
configuration is shown in Figure 1. 


The PCA timer is a common time base for all 
five modules and can be programmed to run 
at: 1/12 the oscillator frequency, 1/4 the 
oscillator frequency, the Timer 0 overflow, or 
the input on the ECI pin (P1.2). The timer 
count source is determined from the CPS1 
and CPSO bits in the CMOD SFR as follows 
(see Figure 4): 


CPS1 
CPSO PCA Timer Count Source 


o 
0 
1/12 oscillator frequency 


o 
1 
1/4 oscillator frequency 


1 
0 
Timer 0 overflow 
1 
1 
External Input at ECI pin 


In the CMOD SFR are three additional bits 
associated with the PCA. They are CIDL 
which allows the PCA to stop during idle 
mode, WDTE which enables or disables the 
watchdog function on module 4, and ECF 
which when set causes an interrupt and the 
PCA overflow flag CF (in the CCON SFR) to 


MODULE FUNCTIONS: 


16-BIT 
CAPTURE 


16-BrT TIMER 
16-BIT 
HIGH 
SPEED 
OUTPUT 
&-BITPWM 


WATCHOOG 
TIMER 
(MOOULE 
4 ONLY) 


be set when the PCA timer overflows. These 
functions are shown in Figure 2. 


The watchdog timer function is implemented 
in module 4 as implemented in other parts 
that have a PCA that are available on the 
market. However, if a watchdog timer is 
required in the target application, it is 
recommended to use the hardware watchdog 
timer that is implemented on the 8XC51 FB 
separately from the PCA (see Figure 12). 


The CCON SFR contains the run control bit 
for the PCA and the flags for the PCA timer 
(CF) and each module (refer to Figure 5). To 
run the PCA the CR bit (CCON.G) must be 
set by software. The PCA is shut off by 
clearing this bit. The CF bit (CCON.7) is set 
when the PCA counter overflows and an 
interrupt will be generated if the ECF bit in 
the CMOD register is set, The CF bit can only 
be cleared by software. Bits 0 through 4 of 
the CCON register are the flags for the 
modules (bit 0 for module 0, bit 1 for module 
1, etc.) and are set by hardware when either 
a match or a capture occurs. These flags 
also can only be cleared by software. The 
PCA interrupt system shown in Figure 3. 


Each module in the PCA has a special 
function register associated with it. These 
registers are: CCAPMO for module 0, 
CCAPM1 for module 1, etc. (see Figure G). 
The registers contain the bits that control the 
mode that each module will operate in. The 
ECCF bit (CCAPMn.O where n=O, 1, 2, 3, or 


4 depending on the module) enables the CCF 
flag in the CCON SFR to generate an 
interrupt when a match or compare occurs in 
the associated module. PWM (CCAPMn.1) 
enables the pulse width modulation mode. 
The TOG bit (CCAPMn.2) when set causes 
the CEX output associated with the module to 
toggle when there is a match between the 
PCA counter and the module's 
capture/compare register. The match bit MAT 
(CCAPMn.3) when set will cause the CCFn 
bit in the CCON register to be set when there 
is a match between the PCA counter and the 
moduie's capture/compare 
register. 


The next two bits CAPN (CCAPMn.4) and 
CAPP (CCAPMn.5) determine the edge that 
a capture input will be active on. The CAPN 
bit enables the negative edge, and the CAPP 
bit enables the positive edge. If both bits are 
set both edges will be enabled and a capture 
will occur for either transition. The last bit in 
the register ECOM (CCAPMn.G) when set 
enables the comparator function. Figure 7 
shows the CCAPMn settings for the various 
PCA functions. 


There are two additional registers associated 
with each of the PCA modules. They are 
CCAPnH and CCAPnL and these are the 
registers that store the 1G-bit count when a 
capture occurs or a compare should occur. 
When a module is used in the PWM mode 
these registers are used to control the duty 
cycle of the output. 


MOOULE 
1 
~~---~~ 
Pl.41CEXl 


MOOULE 
4 
~-----~ 
P1.7/CEX4 


OSC/4 
---~~ 
-------0 


00 
01 
10 
DECODE 
11 


~1iE.7l 
U£.J ~ 
TO 
INTERRUPT 
PRIORITY 
DECODER 


CMOD.OB 
CCAPMn.O I ECCFn I 


CPS1 


CPSO 


Bit Addressable 
I 
CIDL I 
WDTE 


Counter Idle control: CIDL = a programs the PCA Counter to continue functioning during idle Mode. CIDL = 1 programs 
it to be gated off during idle. 


Watchdog TImer Enable: WDTE = a disables Watchdog TImer function on PCA Module 4. WDTE = 1 enables it. 


Not implemented, reserved for future use.' 


PCA Count Pulse Select bit 1. 


PCA Count Pulse Select bit a. 
CPS1 
cpsa 
Selected PCA Input" 


a 
a 
a 
Internal clock, Fosc + 12 
a 
1 
1 
Internal clock, Fosc + 4 
1 
a 
2 
TImer a overflow 
1 
1 
3 
External clock at ECI/P1.2 pin (max. rate = Fosc + 8) 


PCA Enable Counter Overflow interrupt: ECF = 1 enables CF bit in CCON to generate an interrupt. ECF = a disables 
that function of CF. 


NOTE: 
·User 
software 
should 
not write is to reserved 
bits. These 
bils may be used in future 
8051 family 
products 
10 invoke 
new features 
In that case, the reset or inactive 
value 
altha 
new 


bit will be 0, and ils active 
value will be 1. The value 
read from a reserved 
bit is indeterminate 
. 
••-Fosc 
::::oscillator 
frequency 


Symbol 


CF 


CCF4 


CCF3 


CCF2 


CCF1 


CCFO 


Bit Addressable 


I 
CF 
I-CR-:-== 
CCF3 


3 


CCF2 


2 


CCFa 


a 


PCA Counter Overflow flag. Set by hardware when the counter rolls over. CF flags an interrupt If bit ECF in CMOD is 
set. CF may be set by either hardware or software but can only be cleared by software. 


PCA Counter Run control bit. Set by software to turn the PCA counter on. Must be cleared by software to turn the PCA 
counter off. 


Not implemented, reserved for future use'. 


PCA Module 4 interrupt flag. Set by hardware when a match Qrcapture occurs. Must be cleared by software. 


PCA Module 3 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 2 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 1 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module a interrupt fiag. Set by hardware when a match or capture occurs. Must be cleared by software. 


NOTE: 


'User 
software 
should 
nol write 
1s 10 reserved 
bits. These 
bils may be used in future 
8051 family 
products 
to invoke 
new fealures. 
In that case, 
the resel or inactive 
value of the new 
bit will be O. and its active 
value will be 1. The value read from a reserved 
bit is indeterminate. 


CCON 
Address 
CCAPMO 
CCAPM1 
CCAPM2 
CCAPM3 
CCAPM4 


ODAH 
ODBH 
ODCH 
ODDH 
ODEH 


Not Bit Addressable 
[ 
I ECOMn I CAPPn 


Bit: 
? 
6 
5 


Not implemented, reserved for future use'. 


Enable Comparator. ECOMn = 1 enables the comparator function. 


Capture Positive, CAPPn = 1 enables positive edge capture. 


Capture Negative, CAPNn = 1 enables negative edge capture. 


Match. When MATn = 1, a match of the PCA counter with this module's compare/capture register causes the CCFn bit 
in CCON to be set, flagging an interrupt. 


Toggle. When TOGn = 1, a match of the PCA counter with this module's compare/capture register causes the CEXn 
pin to toggle. 


Pulse Width Modulation Mode. PWMn = 1 enables the CEXn pin to be used as a pulse width modulated output. 


Enable CCF interrupt. Enables compare/capture flag CCFn in the CCON register to generate an interrupt. 


ECOMn 


CAPPn 


CAPNn 


MATn 


PWMn 


ECCFn 


I CAPNn 


4 


NOTE: 
·User 
software 
should 
not write 
15 to reserved 
bits. These 
bits may be used in future 8051 family 
products 
to invoke 
new1eatures. 
In that case. the reset or inactive 
value of the new 
bit will be 0, and its active 
value will be 1. The value read from a reserved 
bit is indeterminate. 


TOGn 


2 


PCA Capture Mode 
To use one of the PCA modules in the 
capture mode either one or both of the 
CCAPM bits CAPN and CAPP for that 
module must be set. The extemal CEX input 
for the module (on port 1) is sampled for a 
transition. When a valid transition occurs the 
PCA hardware loads the value of the PCA 
counter registers (CH and Cl) into the 
module's capture registers (CCAPnl 
and 
CCAPnH). If the CCFn bit for the module in 
the CCON SFR and the ECCFn bit in the 
CCAPMn SFR are set then an interrupt will 
be generated. Refer to Figure 8. 


16-bit Software Timer Mode 
The PCA modules can be used as software 
timers by selting both the ECOM and MAT 
bits in the modules CCAPMn register. The 
PCA timer will be compared to the module's 
capture registers and when a match occurs 
an interrupt will occur if the CCFn (CCON 
SFR) and the ECCFn (CCAPMn SFR) bits for 
the module are both set (see Figure 9). 


High Speed Output Mode 
In this mode the CEX output (on port 1) 
associated with the PCA module will toggle 
each time a match occurs between the PCA 
counter and the module's capture registers. 
To activate this mode the TOG, MAT, and 
ECOM bits in the module's CCAPMn SFR 
must be set (see Figure 10). 


Pulse Width Modulator 
Mode 
All of the PCA modules can be used as PWM 
outputs. Figure 11 shows the PWM function. 
The frequency of the output depends on the 
source for the PCA timer. All of the modules 
will have the same frequency of output 
because they all share the PCA timer. The 
duty cycle of each module is independently 
variable using the module's capture register 
CCAPln. 
When the value of the PCA Cl 
SFR is less than the value in the module's 
CCAPln 
SFR the output will be low, when it 
is equal to or greater than the output will be 
high. When Cl overflows from FF to 00, 
CCAPln 
is reloaded with the value in 


CCAPHn. the allows updating the PWM 


without glitches. The PWM and ECOM bits in 
the module's CCAPMn register must be set 
to enable the PWM mode. 


Enhanced 
UART 
The UART operates in all of the usual modes 
that are described in the first section of this 
book for the 80C51. In addition the UART can 
perform framing error detect by looking for 
missing stop bits, and automatic address 
recognition. The 8XC51 FB UART also fully 
supports multiprocessor communication as 
does the standard 80C51 UART. 


When used for framing error detect the UART 
looks for missing stop bits in the 
communication. A missing bit will set the FE 
bit in the SCON register. The FE bit shares 
the SCON.? bit with SMO and the function of 
SCON.? is detennined by PCON.6 (SMODO) 
(see Figure 13). If SMODO is set then 
SCON.? functions as FE. SCON.? functions 
as SMO when SMODO is cleared. When used 
as FE SCON.? can only be cleared by 
software. Refer to Figure 14. 


- 
ECOMn 
CAPPn 
CAPNn 
MATn 
TOGn 
PWMn 
ECCFn 
MODULE FUNCTION 


X 
0 
0 
0 
0 
0 
0 
0 
No operation 


X 
X 
1 
0 
0 
0 
0 
X 
16-bit capture by a positive-edge trigger on CEXn 


X 
X 
0 
1 
0 
0 
0 
X 
16-bit capture by a negative trigger on CEXn 


X 
X 
1 
1 
0 
0 
0 
X 
16-bit capture by a transition on CEXn 


X 
1 
0 
0 
1 
0 
0 
X 
16-bit Software Timer 


X 
1 
0 
0 
1 
1 
0 
X 
16-bit High Speed Output 


X 
1 
0 
0 
0 
0 
1 
0 
8-bitPWM 


X 
1 
0 
0 
1 
X 
0 
X 
Watchdog Timer 


Automatic 
Address 
Recognition 


Automatic Address Recognition is a feature 
which allows the UART to recognize certain 
addresses in the serial bit stream by using 
hardware to make the comparisons. This 
feature saves a great deal of software 
overhead by eliminating the need for the 
software to examine every serial address 
which passes by the serial port. This feature 
is enabled by setting the SM2 bit in SCON. In 
the 9 bit UART modes, mode 2 and mode 3, 
the Receive Interrupt flag (Rl) will be 
automatically set when the received by1e 
contains either the "Given" address or the 
"Broadcast" address. The 9 bit mode requires 
that the 9th information bit is a 1 to indicate 
that the received information is an address 
and not data. Automatic address recognition 
is shown in Figure 15. 


The 8 bit mode is called Mode 1. In this mode 
the RI flag will be set if SM2 is enabled and 
the information received has a valid stop bit 
following the 8 address bits and the 
information is either a Given or Broadcast 
address. 


Mode 0 is the Shift Register mode and SM2 
is ignored. 


Using the Automatic Address Recognition 
feature allows a master to selectively 
communicate with one or more slaves by 
invoking the Given slave address or 
addresses. All of the slaves may be 
contacted by using the Broadcast address. 
Two special Function Registers are used to 
define the slave's address, SADDR, and the 
address mask, SADEN. SADEN is used to 
define which bits in the SADDR are to bused 
and which bits are "don't care". The SADEN 
mask can be logically ANDed with the 


SADDR to create the "IGiven" address which 
the master will use for addressing each of the 
slaves. Use of the Given address allows 
multiple slaves to be recognized while 
excluding others. The following examples will 
help to show the versatility of this scheme: 


Slave 0 
SADDR 
1100 0000 
SADEN 
11.1L.llQ.1 


Given 
1100 OOXO 


Slave 1 
SADDR 
1100 0000 
SADEN 
1111......111Q 


Given 
1100 OOOX 


In the above example SADDR is the same 
and the SADEN data is used to differentiate 
between the two slaves. Slave 0 requires a 0 
in bit 0 and it ignores bit 1. Slave 1 requires a 
o in bit 1 and bit 0 is ignored. A unique 
address for Slave 0 would be 11000010 
since slave 1 requires a 0 in bit 1. A unique 
address for slave 1 would be 11000001 
since a 1 in bit 0 will exclude slave O.Both 
slaves can be selected at the same time by 
an address which has bit 0 = 0 (for slave 0) 
and bit 1 = 0 (for slave 1). Thus, both could 
be addressed with 11000000. 


In a more complex system the follOWingcould 
be used to select slaves 1 and 2 while 
excluding slave 0: 


Slave 0 
SADDR 
1100 0000 
SADEN 
1111 1001 
Given 
1100 OXXO 


Slave 1 
SADDR 
1110 0000 
SADEN 
1111 1010 
Given 
1110 OXOX 


Slave 2 
SADDR 
1110 0000 
SADEN 
1111 1100 


Given 
1110 OOXX 


In the above example the differentiation 
among the 3 slaves is in the lower 3 address 
bits. Slave 0 requires that bit 0 = 0 and it can 
be uniquely addressed by 1110 0110. Slave 1 
requires that bit 1 = 0 and it can be uniquely 
addressed by 1110 and 0101. Slave 2 
requires that bit 2 = 0 and its unique address 
is 11100011. To select Slaves 0 and 1 and 
exclude Slave 2 use address 11100100, 
since it is necessary t make bit 2 = 1 to 
exclude slave 2. 


The Broadcast Address for each slave is 
created by taking the logical OR of SADDR 
and SADEN. Zeros in this result are teated 
as don't-cares. In most cases, interpreting 
the don't-cares as ones, the broadcast 
address will be FF hexadecimal. 


Upon reset SADDR (SFR address OA9H) and 
SADEN (SFR address OB9H) are leaded with 
Os.This produces a given address of all 
"don't cares" as well as a Broadcast address 
of all "don't cares". this effectively disables 
the Automatic Addressing mode and allows 
the microcontroller to use standard 80C51 
type UART drivers which do not make use of 
this feature. 


Reduced 
EMI Mode 
The AO bit (AUXR.O) in the AUXR register 
when set disables the ALE output. 


8XC51 FB Reduced 
EMI Mode 


AUXR (OX8E) 
EEEEEEEB 


t 
~~------~ 
.. PeA 
INTERRUPT 


~ 
PCAINTERRUPT 


···t·······················r=;····, 


~ 
PCAINTERRUPT 


SCON 
Address = 98H 


Bit Addressable 


I SMOIFE 
1--S-M-l--S-M-2---R-E-N- 


Bit: 
7 
6 
5 


(SMODO = 011)' 


Function 


Framing Error bit. This bit is set by the receiver when an invalid stop bit is detected. The FE bit is not cleared by valid 
frames but should be cleared by software. The SMODO bit must be set to enable access to the FE bit. 


Serial Port Mode Bit 0, (SMODO must = 0 to access bit SMO) 


Serial Port Mode Bit 1 
SMO 
SMl 
Mode 


o 
0 
0 


o 
1 
1 


1 
0 
2 
1 
1 
3 


Description 


shift register 
8-bit UART 
9-bit UART 
9--bit UART 


Foscl12 
variable 


Fosc/64 
or Foscl32 
variable 


Enables the Automatic Address Recognition feature in Modes 2 or 3. If SM2 = 1 then Rl will not be set unless the 
received 9th data bit (RB8) is 1, indicating an address, and the received byte is a Given or Broadcast Address. In Mode 
1, if SM2 = 1 then Rl will not be activated unless a valid stop bit was received, and the received byte is a Given or 
Broadcast Address. In Mode 0, SM2 should be O. 


Enables serial reception. Set by software to enable reception. Clear by software to disable reception. 


The 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired. 


In modes 2 and 3, the 9th data bit that was received. In Mode 1, if SM2 = 0, RB8 is the stop bit that was received. In 
Mode 0, RB8 is not used. 


Transmit interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or at the beginning of the stop bit in the 
other modes, in any serial transmission. Must be cleared by software. 


Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or halfway through the stop bit time in 
the other modes, in any serial reception (except see SM2). Must be cleared by software. 
NOTE: 
'SMOOO 
is located al peONS. 


uFosc = oscillator frequency 


START 
DATA BYTE 
ONLY IN 
STOP 


BIT 
MODE 2, 3 
BIT 


IN UART 
MODE 
2 OR MODe 
3 AND 
5M2 = 1: 
INTERRUPT 
IF REN=1, 
RBS=1 
AND 
"RECEIVED 
ADDRESS" 
= "PROGRAMMED 
ADDRESS" 


- WHEN 
OWN ADDRESS 
RECEIVED, 
CLEAR 
5M2 
TO RECEIVE 
DATA 
BYTES 
- WHEN 
ALL 
DATA 
BYTES 
HAVE 
BEEN 
RECEIVED: 
SET 5M2 TO WAIT FOR NEXT 
ADDRESS. 


PARAMETER 
RATING 
UNIT 


Operating temperature under bias 
o to +70 or -40 to +85 
°C 


Storage temperature range 
- 
-65 to +150 
°C 


Voltage on ~pp 
pin to Vss 
o to +13.0 
V 


Voltage on any other pin to Vss 
-0.5 to +6.5 
V 


Maximum IOLper 110 pin 
15 
mA 


Power dissipation (based on package heat transfer limitations, not 
1.5 
W 
device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 
2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 
3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


Electrical 
Deviations 
from Commercial 
Specifications 
for Extended Temperature 
Range 
DC and AC parameters not included here are the same as in the commercial temperature range table. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb; -40°C to +85°C, Vcc; 
5V ±10%, Vss; 
OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


VIL 
Input low voltage, except lOA 
.- 
-0.5 
0.2Vcc-o·15 
V 


VIL1 
Input low voltage to lOA 
0 
0.2Vcc-o·35 
V 


VIH 
Input high voltage, except XTAL1, RST 
0.2Vcc+1 
Vcc+0.5 
V 


VIH1 
Input high voitage to XTAL 1, RST 
0.7Vcc+0.1 
Vcc+0.5 
V 


IlL 
Logical 0 input current, ports 1, 2, 3 
V1N; 0.45V 
-75 
IlA 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 3 
V1N; 2.0V 
-750 
IlA 


Icc 
Power supply current: 
Vcc; 
4.5-5.5V, 
Active mode 
Frequency range; 
19 
mA 
Idle mode 
3.5 to 16MHz 
6 
mA 
Power-down mode 
50 
IlA 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= DOCto +70°C or -40°C to +85°C, Vcc = 5V ±10%, Vss = ov 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
Typl 
MAX 
UNIT 


Vil 
Input low voltage, except EAT 
-0.5 
0.2VcC-O·1 
V 


VIL1 
Input low voltage to EAT 
0 
0.2VCC-O·3 
V 


VIH 
Input high voltage, except XTAL1, RST7 
0.2Vcc+0.9 
Vcc+0.5 
V 


VIHl 
Input high voltage, XTAL1, RST7 
0.7Vcc 
Vcc+0.5 
V 


VOL 
Output low voltage, ports 1, 2, 39 
IOl = 1OO11A 
0.3 
V 


IOl= 
1.6mA2 
0.45 
V 


IOl= 3.5mA 
1.0 
V 


VOL1 
Output low voltage, port 0, ALE, 'PSElIJ9 
IOl = 2OO11A 
0.3 
V 


IOl= 3.2mA2 
0.45 
V 


IOL= 7.0mA 
1.0 
V 


VOH 
Output high voltage, ports 1, 2, 3, ALE, J>SE1\I3 
IOH= -60llA, 
Vcc -1.5 
V 


IOH= -JOllA 
Vcc - 0.7 
V 


IOH= -1011A 
Vcc - 0.3 
V 


VOH1 
Output high voltage (port 0 in external bus mode), 
IOH= -7.0mA, 
Vcc-1.5 
V 
ALE10, J>SE1\I3 
IOH=-3.2mA 
Vcc - 0.7 
V 
IOH= -200llA 
Vcc - 0.3 
V 


III 
Logical 0 input current, ports 1,2,37 
VIN = 0.45V 
-50 
llA 


ITl 
Logical 1-to-0 transition current, ports 1, 2, 37 
See note 4 
-650 
llA 


III 
Input leakage current, port 0 
0.45 VIN < 
±10 
llA 
Vcc-0.3 


Icc 
Power supply current:7 
See note 6 


Active mode @ 16MHzs 
15 
25 
mA 


Idle mode @ 16MHz 
3 
5 
mA 
Power-down mode 
10 
50 
llA 


RRST 
Internal reset pull-down resistor 
50 
225 
kn 


CIO 
Pin capacitance11 (except EA) 
15 
pF 
NOTES: 
1. Typical ratings are not guaranteed. The values listed are at room temperature, 5V. 
2. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOlS of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 
100pF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 


ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOl can exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 
3. 
Capacitive loading on ports 0 and 2 may cause the VOH on ALE and J>SE1\I to momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 
4. 
Pins of ports 1, 2 and 3 source a transition current when they are being externally driven from 1 to o. The transition current reaches its 
maximum value when VIN is approximately 2V. 
5. 
ICCMAXat other frequencies is given by: Active mode: ICCMAX= 1.50 x FREQ + 8: Idle mode: ICCMAX= 0.14 x FREQ +2.31, 
where FREQ is the external oscillator frequency in MHz. ICCMAXis given in mA. See Figure 23. 


6. 
See Figures 24 through 27 for Icc test conditions. 


7. These values apply only to Tamb= O°Cto +70°C. For Tamb= -40°C to +85°C, see table on previous page. 
8. 
Load capacitance for port 0, ALE, and J>SE1\I = 100pF, load capacitance for all other outputs = 80pF. 


9. 
Under steady state (non-transient) conditions, IOl must be externally limited as follows: 


Maximum IOl per port pin: 
15mA ("NOTE: This is 85°C specification.) 


Maximum IOl per 8-bit port: 
26mA 


Maximum total IOl for all outputs: 
71mA 


If IOl exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 


10.ALE is tested to VOH1,except when ALE is off then VOH is the voltage specification. 
11. Pin capacitance is less than 25pF. Pin capacitance of ceramic package is less than 15pF (except EA it is 25pF). 


AC ELECTRICAL 
CHARACTERISTICS 
Tamb; O°Cto +70°C or -40°C to +85°C, VCC; 5V ±10%, Vss; 
OV1,2,3 


16MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1/lcLCL 
16 
Oscillator frequency 
-4 
-5 
3.5 
16 
MHz 


-A 
-B 
3.5 
24 
MHz 


tLHLL 
16 
ALE pulse width 
85 
2lcLCL-40 
ns 


tAVLL 
16 
Address valid to ALE low 
22 
tCLCL-40 
ns 


tLLAX 
16 
Address hold after ALE low 
32 
tCLCL-30 
ns 


tLLlv 
16 
ALE low to valid instruction in 
150 
4tCLCL-100 
ns 


tLLPL 
16 
ALE low to I'"SEI'li0w 
32 
lcLCL-30 
ns 


tPLPH 
16 
I'"SEI'l pulse width 
142 
3lcLCL-45 
ns 


tPLIV 
16 
I'"SEI'li0w to valid instruction in 
82 
3lcLCL-105 
ns 


tPXIX 
16 
Input instruction hold after I'"SEI'l 
0 
0 
ns 


tPXIZ 
16 
Input instruction float after I'"SEI'l 
37 
tCLCL-25 
ns 


tAVIV 
16 
Address to valid instruction in 
207 
5lcLCL-105 
ns 


tpLAZ 
16 
I'"SEI'li0w to address float 
10 
10 
ns 


Data Memory 


tRLRH 
17,18 
FID pulse width 
275 
6tCLCL-100 
ns 


tWLWH 
17,18 
WR' pulse width 
275 
6tCLCL-100 
ns 


tRLDV 
17,18 
FID low to valid data in 
147 
5lcLCL-165 
ns 


tRHDX 
17,18 
Data hold after FID 
0 
0 
ns 


tRHDZ 
17,18 
Data float after FID 
65 
2lcLCL-60 
ns 


tLLDV 
17,18 
ALE low to valid data in 
350 
8lcLCL-150 
ns 


tAvDV 
17,18 
Address to valid data in 
397 
9tCLCL-165 
ns 


tLLwL 
17,18 
ALE low to FID or WR'low 
137 
237 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
17,18 
Address valid to WR'low or FID low 
175 
4lcLCL-75 
ns 


tevwx 
17,18 
Data valid to WR' transition 
42 
lcLCL-20 
ns 


tWHOX 
17,18 
Data hold after WR' 
42 
lcLCL-20 
ns 


tOVWH 
18 
Data valid to WR' high 
287 
7lcLCL-150 
ns 


tRLAZ 
17,18 
FID low to address float 
0 
0 
ns 


tWHLH 
17,18 
FID or WR' high to ALE high 
40 
87 
lcLCL-20 
lcLCL+25 
ns 


External Clock 


tCHCX 
20 
High time 
12 
20 
ns 


tCLCX 
20 
Low time 
12 
20 
ns 


tCLCH 
20 
Rise time 
20 
20 
ns 


tCHCL 
20 
Fall time 
20 
20 
ns 


Shift Register 


tXLXL 
19 
Serial port clock cycle time 
1 
12lcLCL 
I's 
teVXH 
19 
Output data setup to clock rising edge 
492 
1OlcLCL-133 
ns 


tXHOX 
19 
Output data hold after clock rising edge 
8 
2lcLCL-117 
ns 


tXHDX 
19 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
19 
Clock rising edge to input data valid 
492 
1OlcLCL-133 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and I'"SEI'l ; 100pF, load capacitance for all other outputs; 
80pF. 
3. 
Interfacing the 87C51 FB to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port 0 
drivers. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
P - PS"El\l 
first character is always 't' (= time). The other 
Q - 
Output data 
characters, depending on their positions, 
R - J=IDsignal 


indicate the name of a signal or the logical 
t 
- TIme 
status of that signal. The designations are: 
V - 
Valid 
A - Address 
W- 
WR signal 
C - Clock 
X - 
No longer a valid logic level 


D - 
Input data 
Z - 
Float 
H - 
Logic level high 
Examples: 
tAVLL= TIme for address valid to 
I - 
Instruction (program memory contents) 
ALE low. 


L - 
Logic level low, or ALE 
tLLPL =TIme for ALE low to 


PS"El\llow. 


INPUT 
DATA,-' 


CLEAR 
RI 


VCC-<>·5 


O.45V 


VCC-<>5=x 
>C 
o 2VCC+09 


o 45V 
.~O_2V-'C"'c-<>'-_' 
_ 


TIMING 


REFERENCE 


POINTS 


NOTE, 


AC inputs during 
testing 
are driven 
at VCC 
-0.5 
for a logic '1' and O.45V for a logic '0'. 


Timing 
measurements 
are made at VIH min for a logic '1' and VIL for a logic '0'. 


NOTE, 


For liming 
purposes, 
a port is no longer 
floating 
when a 100mV 
change 
from load 


voltage 
occurs, 
and begins 
to floal 
when a 100mV 
change 
from the loaded 
VOHI 


VOL 
level occurs. 
IOH/10L 
~ ± 20mA. 
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Figure 24. Icc Test Condition, 
Active Mode 
All other pins are disconnected 
Figure 25. Icc Test Condition, 
Idle Mode 
All other pins are disconnected 


VCC-o·5 
- - - - 


D·7VCC 
D.45V 
D.2VCC-O.1 


tCHCL- 


Figure 26. Clock Signal Waveform 
for Icc Tests in Active and Idle Modes 


tCLCH= tCHCL= 5ns 


Figure 27. Icc Test Condition, 
Power Down Mode 
All other pins are disconnected. 
VCC= 2V to 5.5V 


EPROM CHARACTERISTICS 
The 87C51 FB is programmed by using a 
modified Quick-Pulse Programming'" 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEIPROO pulses. 


The 87C51 FB contains two signature by1es 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature by1es identify the device as an 
87C51 FB manufactured by Philips. 


Table 3 shows the logic levels for reading the 
signature by1e,and for programming the 
program memory, the encryption table, and 
the security bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 28 and 29. Figure 30 shows 
the circuit configuration for normal program 
memory verification. 


Quick-Pulse 
Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 28. Note that 
the 87C51 FB is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 


The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 28. The code by1eto be 
programmed into that location is applied to 
port O. RST, l"SEJ\I and pins of ports 2 and 3 
specified in Table 3 are held at the 'Program 
Code Data' levels indicated in Table 3. The 
ALEIPROO is pulsed low 25 times as shown 
in Figure 29. 


To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 1FH, using the 'Pgm 
Encryption Tabie' levels. Do not forget thaI 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 


To program the security bits, repeat the 25 
pulse programming sequence using the 'Pgm 
Security Bit' levels. After one security bit is 
programmed, further programming of the 
code memory and encryption table is 
disabled. However, the other security bit can 
still be programmed. 


Note that the "EANpp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 


Program Verification 
If security bit 2 has not been programmed, 
the on-chip program memory can be read out 
for program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 30. The other pins are held at the 
'Verify Code Data' levels indicated in Table 3. 
The contents of the address location will be 
emitted on port O.External pull-ups are 
required on port 0 for this operation. 


If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program by1ewith one 
of the encryption by1es.The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 


The signature by1es are read by the same 
procedure as a normal verification of 
locations 030H and 031H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 
(030H) = 
15H indicates manufactured by 
Philips 


(031H) = 
B2H indicates 87C51FB 


ProgramNerify 
Algorithms 


Any algorithm in agreement with the 
conditions listed in Table 3, and which 
satisfies the timing specifications. is suitable. 


Erasure 
Characteristics 


Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary 
effects, 
it 
is recommended 
that an opaque label be 
placed over the window. 
For elevated 


temperature or environments where solvents 
are being used, appiy Kapton tape Fluorglas 
part number 2345-5, or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 


15W-s/cm2. 
Exposing the EPROM 10an 
ultraviolet lamp of 12,0001'W/cm2 
rating for 


20 to 39 minutes, at a distance of about 
1 inch, should be sufficient. 


Erasure leaves the array in an all 1s state. 


MODE 
RST 
'PSER 
ALEfI'RO'G' 
~pp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program code data 
1 
0 
O' 
Vpp 
1 
0 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 


Pgm encryption table 
1 
0 
O' 
Vpp 
1 
0 
1 
0 


pgm security bit 1 
1 
0 
O' 
Vpp 
1 
1 
1 
1 


Pgm security bit 2 
1 
0 
O· 
Vpp 
1 
1 
0 
0 


NOTES. 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 
2. Vpp = 12.75V ±0.25V. 
3. Vcc = 5V±10% during programming and verification. 


ALEIPROO receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 1001's (±10IlS) and high for a 
minimum of 1OilS. 
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P' 
PO 


RST 
EiWpp 


P3.6 
ALE/PIlOO 


P3.7 
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l'5rn 


XTAl2 
P2.7 


P2.6 


XTALl 
P2.o-P2.5 


VSS 


, 
lO~sMIN -1 -1·-----1ClOJlS±10----~·1 


ol 
~n 
1L- 


Vcc 


A~7 
P' 
PO 
PGM 
DATA 
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P3.6 
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P3.7 
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Figure 30. 
Program Verification 


EPROM PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb = 21°C 
to +27°C, vcc = 5V±10%, 
vss = OV (See 
Figure 
31) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply 
current 
50 
mA 


1ltcLCL 
Oscillator 
frequency 
, 
4 
6 
MHz 


tAVGL 
Address 
setup 
to J5'ROO 
low 
48teLCL 


lGHAX 
Address 
hold 
after J5'ROO 
48teLCL 


tOVGL 
Data 
setup 
to J5'ROO 
low 
48teLCL 


lGHDX 
Data 
hold 
after J5'ROO 
48teLCL 


tEHSH 
P2.7 (EI\lABU) 
high to Vpp 
48teLCL 


tsHGL 
Vpp 
setup 
to J5'ROO 
low 
10 
I'S 


lGHSL 
Vpp 
hold 
after J5'ROO 
10 
I'S 


lGLGH 
J5'ROO width 
90 
110 
I'S 


tAVQV 
Address 
to data 
valid 
48teLCL 


tELQZ 
EJit!J:l[E low to data 
valid 
48teLCL 


tEHQZ 
Data 
float 
after EJit!J:l[E 
0 
48teLCL 


lGHGL 
J5'ROO 
high to J5'ROO 
low 
10 
I'S 


DESCRIPTION 
The 83CS1FC/87CS1 FC (hereafter 
collectively called 8XCS1FC) Single-Chip 
8-Bit Microcontroller is manufactured in an 
advanced CMOS process and is a derivative 
of the 80CS1 microcontroller family. The 
8XCS1FC has the same instruction set as the 
80CS1. 


This device provides architectural 
enhancements that make it applicable in a 
variety of applications for general control 
systems. The 87CS1FC contains 32k x 8 
EPROM memory, the 83CS1FC contains 
32k x 8 ROM memory, a volatile 2S6 x 8 
read/write data memory, four 8-bit I/O ports, 
three 16-bit timer/event counters, a 
Programmable Counter Array (PCA), a 
multi-source, four-priority-Ievel, nested 
interrupt structure, an enhanced UART and 
on-chip oscillator and timing circuits. For 
systems that require extra capability, the 
8XCS1FC can be expanded using standard 
TIL compatible memories and logic. 


Its added features make it an even more 
powerful microcontroller for applications that 
require pulse width modulation, high-speed 
I/O and up/down counting capabilities such 
as motor control. It also has a more versatile 
serial channel that facilitates mUltiprocessor 
communications. 


FEATURES 


• 80CS1 central processing unit 


• 32k x 8 EPROM expandable externally to 
64k bytes (87CS1FC) 
- 
Quick Pulse programming algorithm 
- Two level program security system 


• 32k x 8 ROM (83CS1FC) 


• 2S6 x 8 RAM, expandable externally to 


64k bytes 


• Three 16-bit timer/counters 


- 
T2 is an up/down counter 


• Programmable Counter Array (PCA) 


- 
High speed output 
- 
Capture/compare 


- 
Pulse Width Modulator 
- Watchdog Timer 


• Four 8-bit I/O ports 


• Full-duplex enhanced UART 
- 
Framing error detection 
- Automatic address recognition 


• Power control modes 
- 
Idle mode 


- 
Power-down mode 


• Once (On Circuit Emulation) Mode 


• Five package styles 


• OTP package available 


ROM 
EPROM 
TEMPERATURE RANGE ·C AND PACKAGE1 
FREQUENCY 
DRAWING 
NUMBER 


S83CS1FG-4N40 
S87CS1 FG-4N40 
oTP 
o to +70, 40-Pin Plastic Dual In-line Package 
3.Sto 16MHz 
041SC 


S87CS1FG-4F40 
UV 
o to +70, 40-Pin Ceramic Dual In-line Package wlWindow 
3.S to 16MHz 
OS90B 


S83CS1FG-4A44 
S87CS1 FC-4A44 
OTP 
o to +70, 44-Pin Plastic Leaded Chip Carrier 
3.S to 16MHz 
0403G 


S87CS1FG-4K44 
UV 
o to +70, 44-Pin Ceramic Leaded Chip Carrier wlWindow 
3.S to 16MHz 
1472A 


S83CS1FG-4B44 
S87CS1FG-4B44 
oTP 
o to +70, 44-Pin Plastic Quad Flat Pack 
3.Sto 16MHz 
1118D 


S83CS1FG-SN40 
S87CS1 FG-SN40 
oTP 
o to +70, 40-Pin Plastic Dual In-line Package 
3.Sto 16MHz 
041SC 


S87CS1FG-SF40 
UV 
o to +70, 40-Pin Ceramic Dual In-line Package wlWindow 
3.Sto 16MHz 
OS90B 


S83CS1 FC-SA44 
S87CS1 FG-SA44 
OTP 
o to +70, 44-Pin Plastic Leaded Chip Carrier 
3.S to 16MHz 
0403G 


S87CS1FC-SK44 
UV 
o to +70, 44-Pin Ceramic Leaded Chip Carrier wlWindow 
3.Sto 16MHz 
1472A 


S83CS1FG-SB44 
S87CS1FC-SB44 
OTP 
o to +70, 44-Pin Plastic Quad Flat Pack 
3.Sto 16MHz 
1118D 


S83CS1FG-AN40 
S87CS1 FG-AN40 
OTP 
o to +70, 40-Pin Plastic Dual In-line Package 
3.S to 24MHz 
041SC 


S87CS1FG-AF40 
UV 
o to +70, 40-Pin Ceramic Dual In-line Package wlWindow 
3.Sto 24MHz 
OS90B 


S83CS1FG-AA44 
S87CS1 FG-AA44 
OTP 
o to +70, 44-Pin Plastic Leaded Chip Carrier 
3.S to 24MHz 
0403G 


S87CS1 FG-AK44 
UV 
o to +70, 44-Pin Ceramic Leaded Chip Carrier wlWindow 
3.S to 24MHz 
1472A 


S83CS1 FG-BN40 
S87CS1FC-BN40 
OTP 
o to +70, 40-Pin Plastic Dual In-line Package 
3.S to 24MHz 
041SC 


S87CS1FG-BF40 
UV 
o to +70, 40-Pin Ceramic Dual In-line Package wlWindow 
3.S to 24MHz 
OS90B 


S83CS1FG-BA44 
S87CS1 FG-BA44 
OTP 
o to +70, 44-Pin Plastic Leaded Chip Carrier 
3.S to 24MHz 
0403G 


S87CS1 FC-BK44 
UV 
o to +70, 44-Pin Ceramic Leaded Chip Carrier wlWindow 
3.S to 24MHz 
1472A 


NOTE: 
1. OTP = One Time Programmable EPROM. 
UV = Erasable EPROM. 


.------------- 
I 
I 


vccl 
--'--I 


vsslJl 


SFRs 


TIMERS 


P.C.A 


I 
I 
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I 
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I 
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I 
I 
I 
I 
__________ 
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SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 
RESET 


ADDRESS MSB 
LSB 
VALUE 


ACC" 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
DOH 


AUXR# 
Auxiliary 
8EH 
- 
I 
- 
- 
- 
I 
- 
- 
I - 
AO 
xxxxxxxOB 


B" 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
DOH 


CCAPOH# 
Module 0 Capture High 
FAH 
xxxxxxxxB 


CCAP1H# 
Module 1 Capture High 
FBH 
xxxxxxxxB 


CCAP2H# 
Module 2 Capture High 
FCH 
xxxxxxxxB 
CCAP3H# 
Module 3 Capture High 
FDH 
xxxxxxxxB 


CCAP4H# 
Module 4 Capture High 
FEH 
xxxxxxxxB 
CCAPOL# 
Module 0 Capture Low 
EAH 
xxxxxxxxB 
CCAP1L# 
Module 1 Capture Low 
EBH 
xxxxxxxxB 


CCAP2L# 
Module 2 Capture Low 
ECH 
xxxxxxxxB 
CCAP3L# 
Module 3 Capture Low 
EDH 
xxxxxxxxB 
CCAP4L# 
Module 4 Capture Low 
EEH 
xxxxxxxxB 


CCAPMO# 
Module 0 Mode 
DAH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM1# 
Module 1 Mode 
DBH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM2# 
Module 2 Mode 
DCH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM3# 
Module 3 Mode 
DDH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM4# 
Module 4 Mode 
DEH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 


CCOW# 
PCA Counter Control 
D8H 
CF 
I 
CR 
- 
CCF4 I CCF3 
CCF2 I CCF1 
CCFO 
OOxOOOOOB 
CH# 
PCA Counter High 
F9H 
DOH 
CL# 
PCA Counter Low 
E9H 
DOH 


CMOD# 
PCA Counter Mode 
D9H 
CIDL 
I WDTE 
- 
- 
I 
- 
CPS1 I CPSO 
ECF 
OOxxxOOOB 


DPTR: 
Data Pointer (2 bytes) 
DPH 
Data Pointer High 
83H 
DOH 
DPL 
Data Pointer Low 
82H 
DOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE" 
Interrupt Enable 
A8H 
EA 
I 
EC 
ET2 
ES 
I 
ET1 
EX1 
I 
ETO 
EXO 
DOH 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP" 
Interrupt Priority 
B8H 
- 
I 
PPC 
PT2 
PS 
I 
PT1 
PX1 I 
PTO 
PXO 
xOOOOOOOB 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


IPH"# 
Interrupt Priority High 
B8H 
- 
I PPCH 
PT2H 
PSH I PT1H 
PX1H I PTOH 
PXOH 
xOOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO" 
PortO 
80H 
AD7 
I 
AD6 
AD5 
AD4 
I 
AD3 
AD2 I AD1 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1" 
Port 1 
90H 
CEX4 I CEX3 
CEX2 
CEX1 I CEXO 
EXI 
T2EX 
T2 
FFH 


A7 
A6 
A5 
A4 
A3 
A2 
A1 
AD 


P2" 
Port 2 
AOH 
AD15 I AD14 
AD13 
AD12 I AD11 
AD10 
AD9 
AD8 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


P3" 
Port 3 
BOH 
RD 
IWR 
T1 
TO 
I JNrf 
II'lTO 
TxD 
RxD 
FFH 


PCON 
Power Control 
87H 
SMODl I SMODD 
- 
POF' 
I 
GF1 
GFO I 
PD 
IDL 
OOxxxxOOB 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 
ADDRESS 
MSB 
LSB 
VALUE 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


PSW· 
Program Status Word 
DOH 
CY 
I 
AC 
I 
FO 
I 
RS1 I 
RSO I 
OV 
I - 
I 
P 
OOH 


RACAP2H# 
Timer 2 Capture High 
CBH 
OOH 
RACAP2L# 
Timer 2 Capture Low 
CAH 
OOH 


SADDR# 
Slave Address 
A9H 
OOH 


SADEN# 
Slave Address Mask 
B9H 
OOH 


SBUF 
Serial Data Buffer 
99H 
xxxxxxxxB 


9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


SCON" 
Serial Control 
98H 
SMO I 
SM1 
I 
SM2 
I REN 
I 
TB8 
I 
RB8 
I 
TI 
I 
RI 
OOH 


SP 
Stack Pointer 
81H 
07H 


8F 
8E 
8D 
8C 
8B 
8A 
89 
88 


TCON" 
Timer Control 
88H 
TF1 
I 
TR1 
I 
TFO 
I 
TRO 
I 
IE1 
I 
IT1 
I 
IEO I 
ITO 
OOH 


CF 
CE 
CD 
CC 
CB 
CA 
C9 
C8 


T2CON" 
Timer 2 Control 
C8H 
TF2 
I EXF2 I RCLK I TCLK I EXEN2 I 
TR2 
I Crf2 
I CP/RL2 
OOH 


T2MOD# 
Timer 2 Mode Control 
C9H 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I - 
I DCEN 
xxxxxxxOB 


THO 
Timer High 0 
8CH 
OOH 
TH1 
Timer High 1 
8DH 
OOH 
TH2# 
Timer High 2 
CDH 
OOH 
TLO 
Timer Low 0 
8AH 
OOH 
TL1 
Timer Low 1 
8BH 
OOH 
TL2# 
Timer Low 2 
CCH 
OOH 


TMOD 
Timer Mode 
89H 
GATE I 
CIT 
I 
M1 
I 
MO 
I GATE I 
CIT 
I 
M1 
I 
MO 
OOH 


C7 
C6 
C5 
C4 
C3 
C2 
C1 
CO 
• 
SFRs are bit addressable. 
# 
SFRs are modified from or added to the 80C51 SFRs. 
1. Reset value depends on reset source. 


CERAMIC 
AND PLASTIC 
LEADED 
CHIP CARRIER 
PIN FUNCTIONS 


17 
29 
11 


18 
28 


12 
22 


Pin 
Function 
Pin 
Function 
PIn 
Function 
PIn 
Function 


1 
NC 
23 
NC 
1 
Pl.51CEX2 
23 
P2.51A13 


2 
P1.0IT2 
24 
P2.OIAB 
2 
P1.81CEX3 
24 
P2.61A14 


3 
P1.1fT2EX 
25 
P2.1/A9 
3 
Pl.7/CEX4 
25 
P2.7/A1S 


4 
Pl.2lECI 
26 
P2.21Al0 
4 
RST 
26 
I'SEfiI 


5 
Pl.31CEXO 
27 
P2.31Al, 
5 
P3.OIRxD 
27 
ALEIl'ROO 


6 
P1.4ICEX1 
28 
P2.41A12 
6 
NC 
28 
NC 


7 
Pl.5/CEX2 
29 
P2.51A13 
7 
P3.11TxD 
29 
EAAipp 


8 
Pl.6ICEX3 
30 
P2.61A14 
8 
P3.2IllITO 
30 
PO.7/AD7 


9 
Pl.7/CEX4 
31 
P2.7/A15 
9 
P3.3II1'ITf 
31 
PO.61AD6 
10 
RST 
32 
I'SEfiI 
10 
P3.4fTO 
32 
PO.5/AD5 
11 
P3.01RxO 
33 
ALEIl'ROO 
11 
P3.SfTl 
33 
PO.4JA04 


12 
NC 
34 
NC 
12 
P3.8IWR 
34 
PO.31AD3 
13 
P3.1fTxD 
35 
EAAipp 
13 
P3.71RU 
35 
PO.21AD2 


14 
P3.2IllITO 
36 
PO.l/AD? 
14 
XTAL2 
36 
PO. lIAO 
1 
15 
P3.3II1'ITf 
37 
PO.61AD6 
15 
XTALl 
37 
PO.OIADO 
16 
P3.4fT0 
38 
PO.51AD5 
16 
VSS 
38 
VCC 
17 
P3.5fTl 
39 
PO.4/AD4 
18 
P3.8IWR 
40 
PO.3JAD3 
17 
NC 
39 
NC 


19 
P3.71RU 
41 
PO.2/AD2 
18 
P2.0/A8 
40 
Pl,OfT2 


20 
XTAl2 
42 
PO.l/ADl 
19 
P2.1/A9 
41 
Pl.1fT2EX 


21 
XTAL1 
43 
PO.OIAOO 
20 
P2.21Al0 
42 
Pl.2lECI 
21 
P2.31Al1 
43 
Pl.31CEXO 
22 
VSS 
44 
VCC 
22 
P2.4/A12 
44 
Pl.41CEXl 


PIN NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


VSS 
20 
22 
16 
I 
Ground: 
OV reference. 


Vcc 
40 
44 
38 
I 
Power Supply: This is the power supply voltage for normal, idle, and power-down 
operation. 


PO.Q-O.7 
39-32 
43--36 
37-30 
I/O 
Port 0: Port 0 is an open-drain, bidirectional 110 port. Port 0 pins that have 1s written to 
them float and can be used as high-impedance inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to external program and data memory. In 
this application, it uses strong internal pull-ups when emitting 1s. Port 0 also outputs the 
code bytes during program verification and receives code bytes during EPROM 
programming. External pull-ups are required during program verification. 


P1.0-P1.7 
1-8 
2-9 
40-44, 
I/O 
Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups, except Pl.6 and Pl.7 


1-3 
which are open drain. Port 1 pins that have 1s written to them are pulled high by the internal 
pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: I,Ll. 
Port 1 also receives the low-order address byte during program memory verification. 
Alternate functions include: 
1 
2 
40 
I 
T2 (Pl.0): 
Timer/Counter 2 external count inpuVClockout 


2 
3 
41 
I 
T2EX (Pl.l): 
Timer/Counter 2 Reload/Capture/Direction 
Control 


3 
4 
42 
I 
ECI (Pl.2): 
External Clock Input to the PCA 


4 
5 
43 
I/O 
CEXO (Pl.3): 
Capture/Compare 
External I/O for PCA module 0 
5 
6 
44 
I/O 
CEXl (Pl.4): 
Capture/Compare 
External I/O for PCA moduie 1 


6 
7 
1 
I/O 
CEX2 (Pl.5): 
Capture/Compare 
External I/O for PCA module 2 


7 
8 
2 
I/O 
CEX3 (Pl.6): 
Capture/Cc:npare 
External I/O for PCA module 3 
8 
9 
3 
I/O 
CEX4 (Pl.7): 
Capture/Ccmpare 
External I/O for PCA module 4 


PIN NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


P2.o-P2.7 
21-2B 
24--31 
18-25 
I/O 
Port 2: Port 2 is an B-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have 1s 
written to them are pulled high by the intemal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: IILl. Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to external data memory 
that use 16-bit addresses (MOVX @DPTR). In this application, it uses strong internal 
pull-ups when emitting 1s. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. Some 
Port 2 pins receive the high order address bits during EPROM programming and 
verification. 


P3.o-P3.7 
10-17 
11, 
5, 
I/O 
Port 3: Port 3 is an B-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1s 
13--19 
7-13 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 3 pins that are externally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: IILl. Port 3 also serves the special features of the BOC51 
family, as listed below: 


10 
11 
5 
I 
RxD (P3.0): Serial input port 
11 
13 
7 
0 
TxD (P3.1): Serial output port 


12 
14 
B 
I 
fflTll (P3.2): Externai interrupt 


13 
15 
9 
I 
mTf (P3.3): External interrupt 


14 
16 
10 
I 
TO (P3.4): TImer 0 external input 
15 
17 
11 
I 
11 (P3.5): Timer 1 external input 
16 
1B 
12 
0 
\W[ (P3.6): External data memory write strobe 
17 
19 
13 
0 
RO (P3.7): External data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an externai 
capacitor to Vee. 


ALEIF'l'lOO 
30 
33 
27 
I/O 
Address 
Latch Enable/Program 
Pulse: Output pulse for latching the low byte of the 


address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is skipped during each access to external data memory. This pin is 
also the program pulse input (f'liOO) 
during EPROM programming. 


PSEI'J 
29 
32 
26 
0 
Program 
Store Enable: The read strobe to external ppo~Nm memory. When the BXC51 FC 
is executing code from the external program memory, 
is activated twice each 


machine cycle, except that two PSEI'J activations are skipped during each access to 
external data memory. PSEI'J is not activated during fetches from internal program memory. 


"CANpp 
31 
35 
29 
I 
External Access Enable/Programming 
Supply Voltage: I:'A must be externally held low 
to enable the device to fetch code from external program memory locations OOOOHand 
7FFFH. If I:'A is held high, the device executes from internal program memory unless the 
program counter contains an address greater than 7FFFH. This pin also receives the 
12.75V programming supply voltage (Vpp) during EPROM programming. If security bit 1 is 
programmed, I:'A will be internally latched on Reset. 


XTAL1 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 


XTAL2 
1B 
20 
14 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


NOTE: 
To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher than Vee + 0.5V or Vss - 0.5V, respectively. 


TIMER 2 
This is a 16-bit up or down counter, which 
can be operated as either a timer or event 
counter. It can be operated in one of three 
different modes (autoreload, capture or as 
the baud rate generator for the UART). 


In the auto reload mode the TImer can be set 
to count up or down by setting or clearing the 
bit DCEN in the T2CON Special Function 
Register. The SFR's RCAP2H and RCAP2L 
are used to reload the Timer upon overflow or 
a 1-10-0transition on the T2EX input (P1.1). 


In the Capture mode Timer 2 can either set 
TF2 and generate an interrupt or capture its 
value. To capture Timer 2 in response to a 
1-to-0 transition on the T2EX input, the 
EXEN2 bit in the T2CON must be set. TImer 
2 is then captured in SFR's RCAP2H and 
RCAP2L. 


As the baud rate generator, TImer 2 is 
selected by setting TCLK and/or RCLK in 
T2CON. As the baud rate generator TImer 2 
is incremented at 1/2 the oscillator frequency. 


POWER OFF FLAG 
The Power Off Flag (POF) is set by on-chip 
circuitry when the Vee level on the BXC51FC 
rises from 0 to 5V. The POF bit can be set or 
cleared by software allowing a user to 
determine if the reset is the result of a 
power-on or a warm start after powerdown. 
The Vee level must remain above 3V for the 
POF to remain unaffected by the Vee level. 


OSCILLATOR 
CHARACTERISTICS 
XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator. 


To drive the device from an extemal clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 


Reset 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on Vcc and RST must 
come up at the same time for a proper 
start-up. 


Idle Mode 
In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


Power-Down 
Mode 


To save even more power, a Power Down 
mode can be invoked by software. In this 


mode, the oscillator is stopped and the 
instruction that invoked Power Down is the 
last instruction executed. The on-chip RAM 
and Special Function Registers retain their 
values until the Power Down mode is 
terminated. 


On the 8XC51 FC either a hardware reset or 
external interrupt can use an exit from Power 
Down. Reset redefines all the SFRs but does 
not change the on-chip RAM. An external 
interrupt allows both the SFRs and the 
on-chip RAM to retain their values. 


To properly terminate Power Down the reset 
or external interrupt should not be executed 
before Vcc is restored to its normal operating 
level and must be held active long enough for 
the oscillator to restart and stabilize (normally 
less than 10ms). 


With an external interrupt, INTOand INT1 
must be enabled and configured as 
level-sensitive. Holding the pin low restarts 
the oscillator but bringing the pin back high 
completes the exit. Once the interrupt is 
serviced, the next instruction to be executed 
after RETI will be the one following the 
instruction that put the device into Power 
Down. 


Design Consideration 
• When the idle mode is terminated by a 


hardware reset, the device normally 
resumes program execution, from where it 
left off, up to two machine cycles before the 
internal rest algorithm takes control. 
On-chip hardware inhibits access to 
internal RAM in this event, but access to 
the port pins is not inhibited. To eliminate 
the possibility of an unexpected write when 
Idle is terminated by reset, the instruction 
following the one that invokes Idle should 
not be one that writes to a port pin or to 
external memory. 


ONCE'" 
Mode 
The ONCE ("On-Circuit Emulation") Mode 
facilitates testing and debugging of systems 


using the 8XC51 FC without the 8XC51 FC 
having to be removed from the circuit. The 
ONCE Mode is invoked by: 
1. Pull ALE low while the device is in reset 


and I5'SE'I is high; 


2. 
Hold ALE low as RST is deactivated. 


While the device is in ONCE Mode, the Port 0 
pins go into a float state, and the other port 
pins and ALE and I5'SE'I are weakly pulled 
high. The oscillator circuit remains active. 
While the 8XC51 FC is in this mode, an 
emulator or test CPU can be used to drive 
the circuit. Normal operation is restored when 
a normal reset is applied. 


Programmable 
Clock-Out 


The 8XC51 FC has a new feature. A 50% 
duty cycle clock can e programmed to come 
out on P1.0. This pin, besides being a regular 
I/O pin, has two altemate functions. It can be 
programmed (1) to input the external clock for 
Timer/Counter 2 or (2) to output a 50% duty 
cycle clock ranging from 61Hz to 4MHz at a 
16MHz operating frequency. 


To configure the Timer/Counter 2 as a clock 
generator, bit CIT2 (in T2CON) must be 
cleared and bit T20E in T2MOD must be set. 
Bit TR2 (T2CON.2) also must be set to start 
the timer . 


The Clock-Out frequency depends on the 
oscillator frequency and the reload value of 
Timer 2 capture registers (RCAP2H, 
RCAP2L) as shown in this equation: 


OsciliatorFrequency 
4 x (65536 - 
RCAP2H, RCAP2L) 


In the Clock-Out mode Timer 2 roll-overs will 
not generate an interrupt. This is similar to 
when it is used as a baud-rate generator. It is 
possible to use Timer 2 as a baud-rate 
generator and a clock generator 
simultaneously. Note, however, that the 
baud-rate and the Clock-Out frequency will 
be the same. 


PROGRAM 
MODE 
MEMORY 
ALE 
PSER 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


Programmable 
Counter 
Array 
(PCA) 
The Programmable Counter Array is a 
special Timer that has five 16-bit 
capture/compare modules associated with it. 
Each of the modules can be programmed to 
operate in one of four modes: rising and/or 
falling edge capture, software timer, 
high-speed output, or pulse width modulator. 
Each module has a pin associated with it in 
port 1. Module 0 is connected to P1.3(CEXO), 
module 1 to P1A(CEX1), etc. The basic PCA 
configuration is shown in Figure 1. 


The PCA timer is a common time base for all 
five modules and can be programmed to run 
at: 1/12 the oscillator frequency, 1/4 the 
oscillator frequency, the Timer 0 overilow, or 
the input on the ECI pin (P1.2). The timer 
count source is determined from the CPS1 
and CPSO bits in the CMOD SFR as follows 
(see Figure 4): 


CPS1 
CPSO PCA Timer Count Source 
o 
0 
1/12 oscillator frequency 
o 
1 
1/4 oscillator frequency 
1 
0 
Timer 0 overilow 
1 
1 
External Input at ECI pin 


In the CMOD SFR are three additional bits 
associated with the PCA. They are CIDL 
which allows the PCA to stop during idle 
mode, WDTE which enables or disables the 
watchdog function on module 4, and ECF 


1-- 
16BITS --I 


I 
PCA 
TIMER/COUNTER 
I 


TIME 
BASE 
FOR peA 
MODULES 


MODULE 
FUNCTIONS, 


16-BIT 
CAPTURE 


16-BIT 
TIMER 
16-BIT 
HIGH SPEED 
OUTPUT 


8-BITPWM 


WATCHDOG 
TIMER 
(MODULE 
4 ONLY) 


which when set causes an interrupt and the 
PCA overilow flag CF (in the CCON SFR) to 
be set when the PCA timer overilows. These 
functions are shown in Figure 2. 


The watchdog timer function is implemented 
in module 4 (see Figure 12). 


The CCON SFR contains the run control bit 
for the PCA and the flags for the PCA timer 
(CF) and each module (refer to Figure 5). To 
run the PCA the CR bit (CCON.6) must be 
set by software. The PCA is shut off by 
clearing this bit. The CF bit (CCON.7) is set 
when the PCA counter overilows and an 
interrupt will be generated if the ECF bit in 
the CMOD register is set, The CF bit can only 
be cleared by software. Bits 0 through 4 of 
the CCON register are the flags for the 
modules (bit 0 for module 0, bit 1 for module 
1, etc.) and are set by hardware when either 
a match or a capture occurs. These flags 
also can only be cleared by software. The 
PCA interrupt system shown in Figure 3. 


Each module in the PCA has a special 
function register associated with it. These 
registers are: CCAPMO for module 0, 
CCAPM1 for module 1, etc. (see Figure 6). 
The registers contain the bits that control the 
mode that each module will operate in. The 
ECCF bit (CCAPMn.O where n=O, 1, 2, 3, or 
4 depending on the module) enables the CCF 
flag in the CCON SFR to generate an 


interrupt when a match or compare occurs in 
the associated module. PWM (CCAPMn.1) 
enables the pulse width modulation mode. 
The TOG bit (CCAPMn.2) when set causes 
the CEX output associated with the module to 
toggle when there is a match between the 
PCA counter and the module's 
capture/compare 
register. The match bit MAT 
(CCAPMn.3) when set will cause the CCFn 
bit in the CCON register to be set when there 
is a match between the PCA counter and the 
module's capture/compare 
register. 


The next two bits CAPN (CCAPMnA) 
and 
CAPP (CCAPMn.5) determine the edge that 
a capture input will be active on. The CAPN 
bit enables the negative edge, and the CAPP 
bit enables the positive edge. If both bits are 
set both edges will be enabled and a capture 
will occur for either transition. The last bit in 
the register ECOM (CCAPMn.6) when set 
enables the comparator function. Figure 7 
shows the CCAPMn settings for the various 
PCA functions. 


There are two additional registers associated 
with each of the PCA modules. They are 
CCAPnH and CCAPnL and these are the 
registers that store the 16-bit count when a 
capture occurs or a compare should occur. 
When a module is used in the PWM mode 
these registers are used to control the duty 
cycle of the output. 


1- 16 BITS ---1 
I 
MODULE 
0 ~r-----i"-D 
Pl.31CEXO 
I 
MODULE 
1 I"-~----~ 
Pl.4/CEXl 


I 
MODULE 
2 I"-~----~ 
Pl.51CEX2 


I 
MODULE 
3 I"-~----"~D 
Pl.61CEX3 


.... 00 .... 
...9.1.. . 
............ 10.... 


.......... 
11.. 


~~ 
L..!£..J ~ 


TO 
INTERRUPT 
PRIORITY 
OECOOER 


CMOO.O~ 
CCAPMn.O I EC~~~ I 


CPS1 


CPSO 


Bit Addressable 
I 
CIOl 
I-W-O-T-E- 
CPS1 


2 


Counter Idle control: CIOL = a programs the PCA Counter to continue functioning during idle Mode. CIDL = 1 programs 
it to be gated off during idle. 


Watchdog Timer Enable: WDTE = a disables Watchdog Timer function on PCA Module 4. WDTE = 1 enables it. 


Not implemented, reserved for future use: 


PCA Count Pulse Select bit 1. 


PCA Count Pulse Select bit a. 
CPS1 
cpsa 
Selected PCA Input-- 


a 
a 
a 
Internal clock, Fosc .•.12 


a 
1 
1 
Internal clock, Fosc .•.4 
1 
a 
2 
Timer a overflow 


1 
1 
3 
External clock at ECI/P1.2 pin (max. rate = Fosc .•.8) 


PCA Enable Counter Overflow interrupt: ECF = 1 enables CF bit in CCON to generate an interrupt. ECF = a disables 
that function of CF. 


NOTE: 
'User 
software 
should 
not write is 10 reserved 
bils. These 
bits may be used in future 
8051 family 
products 
to invoke 
new features 
In Ihat case, the reset 
Of inactive 
value of the new 


bit will be 0, and its active 
value will be 1. The value 
read from a reserved 
bit is indeterminate. 


··-Fosc 
::: oscillator 
frequency 


Symbol 


CF 


CCF4 


CCF3 


CCF2 


CCF1 


CCFO 


Bit Addressable 


I 
CF 
_I 
_CR 
_ 
CCF4 


4 


CCF2 


2 


CCFa 


a 


PCA Counter Overflow flag. Set by hardware when the counter rolls over. CF flags an interrupt If bit ECF in CMOD is 
set. CF may be set by either hardware or software but can only be cleared by software. 


PCA Counter Run control bit. Set by software to turn the PCA counter on. Must be cleared by software to turn the PCA 
counter off. 


Not implemented, reserved for future use-. 


PCA Module 4 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 3 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 2 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 1 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module a interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


NOTE: 


'User 
software 
should 
not write 
1s to reserved 
bits. These 
bils may be used in future 
8051 family 
products 
to invoke 
new features. 
In that case, 
the reset or inactive 
value of the new 
bit will be 0, and its active 
value will be 1, The value read from a reserved 
bit is indeterminate, 


CCON 
Address 
CCAPMO 
CCAPM1 
CCAPM2 
CCAPM3 
CCAPM4 


ODAH 
ODBH 
ODCH 
ODDH 
ODEH 


Not Bit Addressable 
I 
I-E-C-O-M-n-I-c-A-p-p-n-I-c-A-p-N-n-__M_A_T_n 
__ 
T_O_G_n 
P_W_M_n_ 


Bit: 
7 
6 
5 
4 


ECOMn 


CAPPn 


CAPNn 


MATn 


PWMn 


ECCFn 


ECCFn 


o 


NOTE: 
·User 
software 
should 
nol write 
15 to reserved 
bits. These 
bits may be used in future 
8051 family 
products 
10 invoke 
new features. 
In that case, the reset or inactive 
value of the new 


bit will be 0, and its active 
value will be 1. The value 
read from a reserved 
bit is indeterminate. 


Not implemented, reserved for future use". 


Enable Comparator. ECOMn = 1 enables the comparator function. 


Capture Positive, CAPPn = 1 enables positive edge capture. 


Capture Negative, CAPNn = 1 enables negative edge capture. 


Match. When MATn = 1, a match of the PCA counter with this module's compare/capture 
register causes the CCFn bit 
in CCON to be set, flagging an interrupt. 


Toggle. When TOGn = 1, a match of the PCA counter with this module's compare/capture 
register causes the CEXn 
pin to toggle. 


Pulse Width Modulation Mode. PWMn = 1 enables the CEXn pin to be used as a pulse width modulated output. 


Enable CCF interrupt. Enables compare/capture flag CCFn in the CCON register to generate an interrupt. 


PCA Capture Mode 
To use one of the PCA modules in the 
capture mode either one or both of the 
CCAPM bits CAPN and CAPP for that 
module must be set. The external CEX input 
for the module (on port 1) is sampied for a 
transition. When a valid transition occurs the 
PCA hardware loads the value of the PCA 
counter registers (CH and CL) into the 
module's capture registers (CCAPnL and 
CCAPnH). If the CCFn bit for the module in 
the CCON SFR and the ECCFn bit in the 
CCAPMn SFR are set then an interrupt will 
be generated. Refer to Figure 8. 


16-bit Software 
Timer Mode 
The PCA modules can be used as software 
timers by setting both the ECOM and MAT 
bits in the modules CCAPMn register. The 
PCA timer will be compared to the module's 
capture registers and when a match occurs 
an interrupt will occur if the CCFn (CCON 
SFR) and the ECCFn (CCAPMn SFR) bits for 
the module are both set (see Figure 9). 


High Speed Output Mode 
In this mode the CEX output (on port 1) 
associated with the PCA module will toggle 
each time a match occurs between the PCA 
counter and the module's capture registers. 
To activate this mode the TOG, MAT, and 
ECOM bits in the module's CCAPMn SFR 
must be set (see Figure 10). 


Pulse Width Modulator 
Mode 
All of the PCA modules can be used as PWM 
outputs. Figure 11 shows the PWM function. 
The frequency of the output depends on the 
source for the PCA timer. All of the modules 
will have the same frequency of output 
because they all share the PCA timer. The 
duty cycle of each module is independently 
variable using the module's capture register 
CCAPLn. When the value of the PCA CL 
SFR is less than the value in the module's 
CCAPLn SFR the output will be low, when it 
is equal to or greater than the output will be 
high. When CL overflows from FF to 00, 
CCAPLn is reloaded with the value in 
CCAPHn. the allows updating the PWM 


without glitches. The PWM and ECOM bits in 
the module's CCAPMn register must be set 
to enable the PWM mode. 


Enhanced 
UART 
The UART operates in all of the usual modes 
that are described in the first section of this 
book for the 80C51. In addition the UART can 
perform framing error detect by looking for 
missing stop bits, and automatic address 
recognition. The 8XC51 FC UART also fully 
supports multiprocessor communication as 
does the standard 80C51 UART. 


When used for framing error detect the UART 
looks for missing stop bits in the 
communication. A missing bit will set the FE 
bit in the SCON register. The FE bit shares 
the SCON.7 bit with SMO and the function of 
SCON.7 is determined by PCON.6 (SMODO) 
(see Figure 13). If SMODO is set then 
SCON.7 functions as FE. SCON.7 functions 
as SMO when SMODO is cleared. When used 
as FE SCON.7 can only be cleared by 
software. Refer to Figure 14. 


- 
ECOMn 
CAPPn 
CAPNn 
MATn 
TOGn 
PWMn 
ECCFn 
MODULE FUNCTION 


X 
0 
0 
0 
0 
0 
0 
0 
No operation 


X 
X 
1 
0 
0 
0 
0 
X 
16-bit capture by a positive-edge trigger on CEXn 


X 
X 
0 
1 
0 
0 
0 
X 
16-bit capture by a negative trigger on CEXn 


X 
X 
1 
1 
0 
0 
0 
X 
16-bit capture by a transition on CEXn 


X 
1 
0 
0 
1 
0 
0 
X 
16-bit Software Timer 


X 
1 
0 
0 
1 
1 
0 
X 
16-bit High Speed Output 


X 
1 
0 
0 
0 
0 
1 
0 
8-bitPWM 


X 
1 
0 
0 
1 
X 
0 
X 
Watchdog Timer 


Automatic 
Address 
Recognition 


Automatic Address Recognition is a feature 
which allows the UART to recognize certain 
addresses in the serial bit stream by using 
hardware to make the comparisons. This 
feature saves a great deal of software 
overhead by eliminating the need for the 
software to examine every serial address 
which passes by the serial port. This feature 
is enabled by setting the SM2 bit in SCaN. In 
the 9 bit UART modes, mode 2 and mode 3, 
the Receive Interrupt flag (RI) will be 
automatically set when the received byte 
contains either the "Given" address or the 
"Broadcast" address. The 9 bit mode requires 
that the 9th information bit is a 1 to indicate 
that the received information is an address 
and not data. Automatic address recognition 
is shown in Figure 15. 


The 8 bit mode is called Mode 1. In this mode 
the RI flag will be set if SM2 is enabled and 
the information received has a valid stop bit 
following the 8 address bits and the 
information is either a Given or Broadcast 
address. 


Mode 0 is the Shift Register mode and SM2 
is ignored. 


Using the Automatic Address Recognition 
feature allows a master to selectively 
communicate with one or more slaves by 
invoking the Given slave address or 
addresses. All of the slaves may be 
contacted by using the Broadcast address. 
Two special Function Registers are used to 
define the slave's address, SADDR, and the 
address mask, SADEN. SADEN is used to 
define which bits in the SADDR are to bused 
and which bits are "don't care". The SADEN 
mask can be logically ANDed with the 
SADDR to create the "IGiven" address which 
the master willLJse for addressing each of the 
slaves. Use of the Given address allows 
multiple slaves to be recognized while 
excluding others. The following examples will 
help to show the versatility of this scheme: 


SADDR 
SADEN 
Given 


1100 0000 
1111 1101 
1100 OOXO 


SADDR 
SADEN 
Given 


1100 0000 
1111 1110 
1100 OOOX 


In the above example SADDR is the same 
and the SADEN data is used to differentiate 
between the two slaves. Slave 0 requires a 0 
in bit 0 and it ignores bit 1. Slave 1 requires a 
o in bit 1 and bit 0 is ignored. A unique 
address for Slave 0 would be 11000010 
since slave 1 requires a 0 in bit ,. A unique 
address for slave 1 would be 11000001 
since a 1 in bit 0 will exclude slave O.Both 
slaves can be selected at the same time by 
an address which has bit 0 ; 0 (for slave 0) 
and bit 1 ; 0 (for slave 1). Thus, both could 
be addressed with 11000000. 


In a more complex system the following could 
be used to select slaves 1 and 2 while 
excluding slave 0: 


Slave 0 
SADDR 
1100 0000 
SADEN 
1111 1001 
Given 
1100 OXXO 


Slave 1 
SADDR 
1110 0000 
SADEN 
1111 1010 
Given 
1110 OXOX 


Slave 2 
SADDR 
1110 0000 
SADEN 
1111 1100 
Given 
1110 OOXX 


In the above example the differentiation 
among the 3 slaves is in the lower 3 address 
bits. Slave 0 requires that bit 0 ; 0 and it can 
be uniquely addressed by 1110 0110. Slave 1 
requires that bit 1 ; 0 and it can be uniquely 
addressed by 1110 and 0101. Slave 2 
requires that bit 2; 
0 and its unique address 
is 1110 0011. To select Slaves 0 and 1 and 
exclude Slave 2 use address 11100100, 
since it is necessary t make bit 2 ; 1 to 
exclude slave 2. 


The Broadcast Address for each slave is 
created by taking the logical OR of SADDR 
and SADEN. Zeros in this result are teated 
as don't-cares. In most cases, interpreting 
the don't-cares as ones, the broadcast 
address will be FF hexadecimal. 


Upon reset SADDR (SFR address OA9H) and 
SADEN (SFR address OB9H) are leaded with 
Os.This produces a given address of all 
"don't cares" as well as a Broadcast address 
of all "don't cares". this effectively disables 
the Automatic Addressing mode and allows 
the microcontroller to use standard 80C51 
type UART drivers which do not make use of 
this feature. 


Reduced 
EMI Mode 


The AO bit (AUXR.O) in the AUXR register 
when set disables the ALE output. 


8XC51FC Reduced 
EMI Mode 


AUXR (OX8E) 


Interrupt 
Priority 
Structure 
The 8XC51 FC has a 7-source four-level 
interrupt structure. There are 3 SFRs 
associated with the interrupts on the 
8XC51 FC. They are the IE and IP which are 
identical in function to those on the 80C51. In 
addition, there is the IPH (Interrupt Priority 
High) register that makes the four-level 
interrupt structure possible. The IPH is bit 
addressable and is located at SFR address 
B7H. The structure of the IPH register and a 
description f its bits is shown below: 


76543210 


I 
- 
I PPCH 
I PT2H 
I PSH I PT1 HI 
PX1 H I PTOHI 
PXOHI 


IPH.O 
PXOH External interrupt 0 priority high 
IPH.1 
PTOH Timer 0 interrupt priority high 
IPH.2 
PX1H 
External interrupt 1 priority high 
IPH.3 
PT1H 
Timer 1 interrupt priority high 
IPHA 
PSH 
Serial Port interrupt high 
IPH.5 
PT2H 
Timer 2 interrupt priority high 


IPH.6 
PPCH 
PCA interrupt priority high 
IPH.7 
Not implemented 


The function of the IPH SFR is simple and 
when combined with the IP SFR determines 
the priority of each interrupt. The priority of 
each interrupt is determined as shown in the 
following table: 


The priority scheme for servicing the 
interrupts is the same as that for the 80C51 , 
except there are four interrupt levels on the 
8XC51 FC rather than two as on the 80C51. 
An interrupt will be serviced as long as an 
interrupt of equal or higher priority is not 
already being serviced. If an interrupt of 
equal or higher level priority is being 


serviced, the new interrupt will wait until it is 
finished before being serviced. If a lower 
priority level interrupt is being serviced, it will 
be stopped and the new interrupt serviced. 
When the new interrupt is finished, the lower 
priority level interrupt that was stopped will be 
completed. 
PRIORITY BITS 
INTERRUPT 


IPH.x 
IP.x 
PRIORITY LEVEL 


0 
0 
Level 0 (lowest priority) 


0 
1 
Levell 


1 
0 
Level 2 


1 
1 
Level 3 (highest priority) 


....+ 
~ 
, 


~ 
PCAINTERRUPT 


...'t' 
;=:; , 


~ 
PCAINTERRUPT 


Bit Addressable 


I 
SMOIFE I 
SM1 
SM2 
REN 
TBa 
RBa 


Bit: 
7 
6 
5 
4 
3 
2 


(SMODO = 0/1)' 


Framing Error bit. This bit is set by the receiver when an invalid stop bit is detected. The FE bit is not cleared by valid 
frames but should be cleared by software. The SMODO bit must be set to enable access to the FE bit. 


Serial Port Mode Bit 0, (SMODO must = 0 to access bit SMO) 


Serial Port Mode Bit 1 
SMO 
SM1 
Mode 


o 
0 
0 
o 
1 
1 
1 
0 
2 


1 
1 
3 


Description 


shift register 
a-bit UART 
9-bit UART 
9-bit UART 


Fosci12 
variable 
Fosc/64 or Fosc/32 
variable 


Enables the Automatic Address Recognition feature in Modes 2 or 3. If SM2 = 1 then Ri will not be set unless the 
received 9th data bit (RB8) is 1, indicating an address, and the received byte is a Given or Broadcast Address. In Mode 
1, if SM2 = 1 then RI will not be activated unless a valid stop bit was received, and the received byte is a Given or 
Broadcast Address. In Mode 0, SM2 should be O. 


Enables serial reception. Set by software to enable reception. Clear by software to disable reception. 


The 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired. 


In modes 2 and 3, the 9th data bit that was received. In Mode 1, if SM2 = 0, RB8 is the stop bit that was received. In 
Mode 0, RB8 is not used. 


Transmit interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or at the beginning of the stop bit in the 
other modes, in any serial transmission. Must be cleared by software. 


Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or halfway through the stop bit time in 
the other modes, in any serial reception (except see SM2). Must be cleared by software. 


NOTE: 
·SMODO 
is located at peON6. 


··Fosc 
= oscillator 
frequency 


START 
DATA 
BYTE 
ONLY 
IN 
STOP 


BIT 
MODE 
2, 3 
BIT 


IN UART 
MODE 
2 OR MODE 
3 AND SM2 = 1: 


INTERRUPT 
IF REN=1, 
RB8=1 
AND 
"RECEIVED 
ADDRESS" 
= "PROGRAMMED 
ADDRESS" 


- WHEN 
OWN ADDRESS 
RECEIVED, 
CLEAR 
SM2 TO RECEIVE 
DATA 
BYTES 
- WHEN 
ALL 
DATA 
BYTES 
HAVE 
BEEN 
RECEIVED: 
SET SM2 TO WAIT 
FOR NEXT 
ADDRESS. 


PARAMETER 
- 
RATING 
UNIT 


Operating temperature under bias 
o to +70 or-40 
to +85 
°C 


Storage temperature range 
-65 to +150 
°C 


Voltage on ~pp 
pin to Vss 
o to +13.0 
V 


Voltage on any other pin to Vss 
-{).5 to +6.5 
V 


Maximum IOLper 1/0 pin 
15 
mA 


Power dissipation (based on package heat transfer limitations, not 
1.5 
W 
device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 
2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 
3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


Electrical 
Deviations 
from Commercial 
Specifications 
for Extended Temperature 
Range 


DC and AC parameters not included here are the same as in the commercial temperature range table. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= -40°C to +85°C, Vee = 5V ±10%, Vss = OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


VIL 
Input low voltage, except l:A 
-{).5 
0.2Vee-{)·15 
V 


VIL1 
Input low voltage to l:A 
0 
0.2Vec-0.35 
V 


VIH 
Input high voltage, except XTAL1, RST 
0.2Vee+1 
Vee+0.5 
V 


VIH1 
Input high voltage to XTAL1, RST 
0.7Vee+0.1 
Vee+0.5 
V 


IlL 
Logical 0 input current, ports 1, 2, 3 
VIN = 0.45V 
-75 
J.lA 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 3 
VIN =2.0V 
-750 
J.lA 


Ice 
Power supply current: 
Vee = 4.5-5.5V, 


Active mode 
Frequency range = 
44 
mA 
Idle mode 
3.5 to 16MHz 
12 
mA 
Power-down mode 
100 
J.lA 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb~ O°Cto +70°C or -40°C to +85°C, Vcc ~ 5V ±10%, Vss ~ OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
Typl 
MAX 
UNIT 


VIL 
Input low voltage, except EA7 
-0.5 
0.2Vcc-0.1 
V 


VIL1 
Input low voltage to EA7 
0 
0.2Vcc-o·3 
V 


VIH 
Input high voltage, except XTAL 1, RST7 
0.2Vcc+0.9 
Vcc+0.5 
V 


VIH1 
Input high voltage, XTAL 1, RST7 
0.7Vcc 
Vcc+0.5 
V 


VOL 
Output low voltage, ports 1, 2, 39 
IOL~ 100llA 
0.3 
V 


IOL~ 1.6mA2 
0.45 
V 


IOL~ 3.5mA 
1.0 
V 


VOL1 
Output low voltage, port 0, ALE, l"SEI\I9 
IOL~ 200llA 
0.3 
V 


IOL~ 3.2mA2 
0.45 
V 


IOL~ 7.0mA 
1.0 
V 


VOH 
Output high voltage, ports 1, 2, 3, ALE, l"SEI\I3 
IOH~-60IlA, 
Vcc-1.5 
V 


IOH~-30IlA 
VCC- 0.7 
V 


IOH~ -1OIlA 
VCC- 0.3 
V 


VOHl 
Output high voltage (port 0 in external bus mode), 
IOH~ -7.0mA, 
Vcc-1.5 
V 
ALE10, l"SEI\I3 
IOH~-3.2mA 
VCC- 0.7 
V 


IOH~-200IlA 
VCC- 0.3 
V 


IlL 
Logical 0 input current, ports 1, 2, 37 
VIN ~ 0.45V 
-50 
IlA 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 37 
See note 4 
--650 
IlA 


III 
Input leakage current, port 0 
0.45 VIN < 
±10 
IlA 
VCC- 0.3 


Icc 
Power supply current:7 
See note 6 


Active mode @ 16MHz5 
15 
40 
mA 
Idle mode @ 16MHz 
3 
10 
mA 
Power-down mode 
10 
100 
IlA 


RRST 
Internal reset pull-down resistor 
50 
225 
kn 


CIO 
Pin capacitance11 (except EA) 
15 
pF 


NOTES: 
1. Typical ratings are not guaranteed. The values listed are at room temperature, 5V. 
2. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VoLs of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 


3. 
Capacitive loading on ports 0 and 2 may cause the VOH on ALE and l"SEI\I to momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 


4. 
Pins of ports 1, 2 and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 2V. 


5. 
ICCMAXat other frequencies is given by: Active mode: ICCMAX~ 1.50 x FREQ + 8: Idle mode: ICCMAX~ 0.14 x FREQ +2.31, 
where FREQ is the external oscillator frequency in MHz. ICCMAXis given in mA. See Figure 23. 


6. See Figures 24 through 27 for Icc test conditions. 
7. These values apply only to Tamb~ O°Cto +70°C. For Tamb~ -40°C to +85°C, see table on previous page. 
8. 
Load capacitance for port 0, ALE, and l"SEI\I ~ 100pF, load capacitance for all other outputs ~ 80pF. 


9. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 


Maximum IOLper port pin: 
15mA ('NOTE: This is 85°C specification.) 


Maximum IOLper 8-bit port: 
26mA 


Maximum total IOLfor all outputs: 
71mA 


If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 
10. ALE is tested to VOH1, except when ALE is off then VOHis the voltage specification. 
11. Pin capacitance is less than 25pF. Pin capacitance of ceramic package is less than 15pF (except EA it is 25pF). 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb: O°Cto +70°C or -40°C to +85°C, VCC: 
5V ±10%, Vss: 
OV1,2, 3 


16MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1/tCLCL 
16 
Oscillator frequency 
-4 
-5 
3.5 
16 
MHz 


-A 
-B 
3.5 
24 
MHz 


tLHLL 
16 
ALE pulse width 
85 
2tCLCL-40 
ns 


tAVLL 
16 
Address valid to ALE low 
22 
lcLCL-40 
ns 


tLLAX 
16 
Address hold after ALE low 
32 
lcLCL-30 
ns 


tLLlV 
16 
ALE low to valid instruction in 
150 
4lcLCL-100 
ns 


tLLPL 
16 
ALE low to I'Sm low 
32 
lcLCL-GO 
ns 


tPLPH 
16 
I'Sm pulse width 
142 
3tCLCL-45 
ns 


tpLiv 
16 
I'Sm low to valid instruction in 
82 
3tCLCL-105 
ns 


tPXIX 
16 
Input instruction hold after I'Sm 
0 
0 
ns 


tpXIZ 
16 
Input instruction float after I'Sm 
37 
tCLCL-25 
ns 


tAVIV 
16 
Address to valid instruction in 
207 
5lcLCL-105 
ns 


tpLAZ 
16 
I'Sm low to address float 
10 
10 
ns 


Data Memory 


tRLRH 
17, 18 
FID pulse width 
275 
6tCLCL-100 
ns 


tWLWH 
17,18 
WR" pulse width 
275 
6tCLCL-100 
ns 


tRLDV 
17,18 
FID low to valid data in 
147 
5tCLCL-165 
ns 


tRHDX 
17,18 
Data hold after FID 
0 
0 
ns 


tRHDZ 
17,18 
Data float after FID 
65 
2tCLCL-60 
ns 


tLLDV 
17,18 
ALE low to valid data in 
350 
8lcLCL-150 
ns 


tAvDV 
17,18 
Address to valid data in 
397 
9lcLCL-165 
ns 


tLLWL 
17,18 
ALE low to FID or WR" low 
137 
237 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
17,18 
Address valid to WR" low or FID low 
175 
4tCLCL-75 
ns 


tavwx 
17,18 
Data valid to WR" transition 
42 
tCLCL-20 
ns 


tWHQX 
17,18 
Data hold after WR" 
42 
tCLCL-20 
ns 


taVWH 
18 
Data valid to WR" high 
287 
7lcLCL-150 
ns 


tRLAZ 
17,18 
FID low to address float 
0 
0 
ns 


tWHLH 
17,18 
FID or WR" high to ALE high 
40 
87 
lcLCL-20 
lcLCL+25 
ns 


External Clock 


tCHCX 
20 
High time 
12 
20 
ns 


tCLCX 
20 
Low time 
12 
20 
ns 


tCLCH 
20 
Rise time 
20 
20 
ns 


tCHCL 
20 
Fall time 
20 
20 
ns 


Shift Register 


tXLXL 
19 
Serial port clock cycle time 
1 
12lcLCL 
J.ls 


taVXH 
19 
Output data setup to clock rising edge 
492 
1OlcLCL-133 
ns 


tXHQX 
19 
Output data hold after clock rising edge 
8 
2lcLCL-117 
ns 


tXHDX 
19 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
19 
Clock rising edge to input data valid 
492 
1OtCLCL-133 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and I'Sm : 100pF, load capacitance for all other outputs: 
80pF. 
3. 
Interfacing the 8XC51 FC to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port 0 
drivers. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
P - PSEI'l 


first character is always 'I' (~time). The other 
Q - 
Output data 


characters, depending on their positions, 
R - FlU signal 


indicate the name of a signal or the logical 
t - TIme 


status of that signal. The designations are: 
V - Valid 
A - Address 
W- 
WFl signal 


C - Clock 
X - No longer a valid logic level 


D - 
Input data 
Z - 
Float 
H - Logic level high 
Examples: tAVLL~ TIme for address valid to 


I - Instruction (program memory contents) 
ALE low. 


L - Logic level low, or ALE 
ILLPL ~TIme for ALE low to 
PSEI'llow. 


ILLWL 
IWLWH 


WR 


ILLAX 


IWHQX 
IAVLL 


taVWH 


PORTO 
DATA OUT 
Ao-A7 FROM pel 
IN$TR 
IN 


INPUT 
DATA 
~' 


CLEAA 
AI 


VCC-<>·5 
•••. 


O.7VCC 


O.45V 
O.2VCC-<>.1 


VCC-Q 


5=X 
>C 


o 2VCC+09 


o 45V- 
.0_2V_C_C_-Q_' 
_ 


TIMING 


REFERENCE 


POINTS 


NOTE: 


AC inputs 
during 
testing 
are driven 
at VCC 
~.5 
for a logic '" 
and O.45V lor a logic '0'. 


Timing 
measurements 
are made 
at VIH min for a logic '1' and VIL for a logic '0'. 


NOTE: 
For liming 
purposes, 
a port is no longer 
floating 
when 
a 100mV 
change 
from load 


voltage 
occurs, 
and begins 
to floal 
when a l00mV 
change 
from the loaded 
VOH' 


VOL 
level occurs. 
'OHflOL.2:. 
± 20mA. 


45 


40 


35 


30 


25 


IcernA 


20 
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10 


Figure 24. Ice Test Condition, Active Mode 


All other pins are disconnected 
Figure 25. lee Test Condition, Idle Mode 


All other pins are disconnected 


VCC-O·5- - - - 
O.7VCC 
O.45V 
O.2VCC-O.' 


Figure 26. Clock Signal Waveform 
for lee Tests in Active and Idle Modes 
tCLCH= tCHCL= 5ns 


EPROM CHARACTERISTICS 
The 87C51 FC is programmed by using a 
modified Quick-Pulse Programming'· 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEIPROO pulses. 


The 87C51 FC contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C51 FC manufactured by Philips. 


Table 3 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the security bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 28 and 29. Figure 30 shows 
the circuit configuration for normal program 
memory verification. 


Quick-Pulse 
Programming 


The setup for microcontroller quick-pulse 
programming is shown in Figure 28. Note that 
the 87C51 FC is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 


Figure 27. lee Test Condition, 
Power Down Mode 
All other pins are disconnected. 
VCC= 2V to 5.5V 


be running is that the device is execuhng 
intemal address and program data transfers. 


The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 28. The code byte to be 
programmed into that location is applied to 
port O. RST, PSEII and pins of ports 2 and 3 
specified in Table 3 are held at the 'Program 
Code Data' levels indicated in Table 3. The 
ALEIPROO is pulsed low 25 times as shown 
in Figure 29. 


To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 1FH, using the 'Pgm 
Encryption Table' levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 


To program the security bits, repeat the 25 
pulse programming sequence using the 'Pgm 
Security Bit' levels. After one security bit is 
programmed, further programming of the 
code memory and encryption table is 
disabled. However, the other security bit can 
shll be programmed. 


Note that the F:AN pp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 


Program Verification 
If security bits 2 and 3 have not been 
programmed, the on-chip program memory 
can be read out for program verification. The 
address of the program memory locations to 
be read is applied to ports 1 and 2 as shown 
in Figure 30. The other pins are held at the 
'Verify Code Data' levels indicated in Table 3. 
The contents of the address location will be 
emitted on port O. External pull-ups are 
required on port 0 for this operation. 


If the 64 byte encryption table has been 
programmed, the data presented at port 0 will 
be the exclusive NOR of the program byte 
with one of the encryption bytes. The user will 
have to know the encryption table contents in 
order to correctly decode the verification 
data. The encryption table itself cannot be 
read out. 


Reading the Signature 
Bytes 
The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 
(030H) = 
15H indicates manufactured by 
Philips 


(031 H) = 
B3H indicates 87C51 FC 


ProgramNerify 
Algorithms 
Any algorithm in agreement with the 
conditions listed in Table 3, and which 
satisfies the timing specifications, is suitable. 


Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 
angstroms. 


Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary 
effects, 
it 


is recommended 
that an opaque label be 


placed over the window. 
For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345--5, or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 


15W-s/cm2. 
Exposing the EPROM to an 
ultraviolet lamp of 12,000~W/cm2 
rating for 


20 to 39 minutes, at a distance of about 
1 inch, should be sufficient. 


Erasure leaves the array in an all1s state. 


Security 
Bits 


With none of the security bits programmed 
the code in the program memory can be 
verified. If the encryption table is 
programmed, the code will be encrypted 
when verified. When only security bit 1 is 
programmed, MOVC instructions executed 
from external program memory are disabled 
from fetching code bytes from the internal 
memory, EA is latched on Reset and all 
further programming of the EPROM is 
disabled. When security bits 1 and 2 are 
programmed, in addition to the above, verify 
mode is disabled. When all three security bits 
are programmed, all of the conditions above 
apply and all external program memory 
execution is disabled. 


MODE 
RST 
PSEN 
ALEII'ROG 
EJUVpp 
P2,7 
P2,6 
P3.7 
P3.6 
P3.3 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 
0 


Program code data 
1 
0 
O' 
Vpp 
1 
0 
1 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 
0 


pgm encryption table 
1 
0 
O' 
Vpp 
1 
0 
1 
0 
1 


Pgm security bit 1 
1 
0 
O' 
Vpp 
1 
1 
1 
1 
1 


Pgm security bit 2 
1 
0 
O' 
Vpp 
1 
1 
0 
0 
1 


pgm security bit 3 
1 
0 
O' 
Vpp 
0 
1 
0 
1 
1 


NOTES: 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 
2. Vpp = 12.75V ±0.25V. 
3. Vcc = 5V±1 0% during programming and verification. 
.. 
. 
ALEIP'ROO receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse IS low for 100~s (±10~s) and high for a 
minimum of 1O~s. 
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Figure 30. Program Verification 


EPROM PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb = 21°C 
to +27°C, 
VCC = 5V±10%, 
VSS = OV (See 
Figure 
31) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
suppiy 
current 
50 
mA 


1ltCLCL 
Oscillator 
frequency 
4 
6 
MHz 


tAVGL 
Address 
setup 
to Pm:m: 
low 
48teLCL 


tGHAX 
Address 
hold 
after 
Pm:m: 
48tCLCL 


tOVGL 
Data 
setup 
to Pm:m: 
low 
48tCLCL 


'GHOX 
Data 
hold after 
Pm:m: 
48teLCL 


tEHSH 
P2.7 (ENABLE) 
high 
to Vpp 
48teLCL 


tSHGL 
Vpp setup 
to Pm:m: 
low 
10 
~s 


'GHSL 
Vpp 
hold 
after 
Pm:m: 
10 
~s 


'GLGH 
Pm:m:width 
-. 
90 
110 
~s 


tAVQV 
Address 
to data 
valid 
48teLCL 


tELQZ 
E'NABCE 
low to data 
valid 
48teLCL 


tEHQZ 
Data 
float 
after E'NABCE 
0 
48teLCL 


'GHGL 
Pm:m: 
high to Pm:m: 
low 
10 
~s 


FEATURES 


• 
Full static 80C51 CPU 


• 
8-bit CPU, ROM, RAM, 1/0 in a single 
40-lead Dill 
mini-pack 


• 
4K x 8 ROM, expandable externally to 64K 
bytes 


• 
128 bytes RAM, expandable externally to 
64K bytes 


• 
Four 8-bit ports, 321/0 
lines 


• Two 16-bit timer 1 event counters 


• 
Externai memory expandable up to 128K, 
external ROM up to 64K and lor RAM up 
to 64K 


• On-chip oscillator suitable for RC, LC, 
quartz crystal or ceramic resonator 


• 
Thirteen source, thirteen vector interrupt 
structure with two priority levels 


• 
Full duplex serial port (UART) 


I"flnIP1.0 
1 


IIlnIP1.1 
2 


Jm';{fP1.2 
3 


II'IT5IP1.3 
4 


IR'nIP1.4 5 


lR'I7/P1.5 
6 


fIiITllP1.6 
7 


RXDIDATAlP3.0 1 


TXD/CLOCKlP3.1 


TRrniP3.2 
1 


JIlTlp3.3 
1 


TOP3.4 
1 


T1P3.5 
1 


WRP3.6 
1 


ImP3.7 1 


• 
Enhanced architecture with: 


non-page oriented instructions 


direct addressing 


four eight byte RAM register banks 


stack depth up to 128 bytes 


multipiy, divide, subtract and compare 
instructions 


• 
Wake-up via external interrupts at Port 1 


• 
Single supply voltage of 1.8V to 6.0V 
(5.0V ±10% for P80C51) 


• 
Frequency range of 0 to 16MHz 
(3.5MHz to 16MHz for P80C51) 


• 
Very low current consumption 


• 
Operating temperature range: -40 to 
+850C 


PO.3JAD3 


PO.41AD4 


PO.51AD5 


PO.61AD6 


PO.7/AD7 


P2.7/A15 


P2.61A14 


P2.51A13 


P2.41A12 


P2.3/All 


P2.21A10 


PZ.lIA9 


P1.511NT7 1 


P1.6I1R1'I 


P1.7JrnTg 


RST 
4 


P3.OIRXD 
5 


NC 


P3.UfXO 


P3.2I1flTlj 


P3.3ImTf 


P3.4ITO 


P3.SlT1 


DESCRIPTION 
The 80CL51 is manufactured in an advanced 
CMOS technology. The instruction set of the 
80CL51 is based on that of the 8051. The 
80CL51 is a general purpose microcontroller 
especially suited for battery-powered 
applications. The device has low power 
consumption and a wide range of supply 
voltage. For emulation purposes, the 
85CLOOO(Piggy-back version) with 256 bytes 
of RAM is recornmended. The 80CL51 has 
two software selectable modes of reduced 
activity for further power reduction: Idle and 
Power-down. The 80CL51 also functions as 
an arithmetic processor having facilities for 
both binary and BCD arithmetic plus 
bit-handling capabilities. The instruction set 
consists of over 100 instructions: 49 
one-byte, 46 two-byte, and 16 three-byte. 


The P80CL31 is the ROMless version of the 
P80CL51. P80C51 is a 5V version of the low 
voltage P80CL51. 


The P80CL31 is the ROMless version of the 
P80CL51. P80C51 is a 5V version of the low 
voitage P80CL51. 
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PO.61A06 
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PHILIPS PART ORDER 
PHILIPS NORTH AMERICA 1 
NUMBER PART MARKING 
PART ORDER NUMBER 
TEMPERATURE RANGE °C 
DRAWING 
AND PACKAGE 
NUMBER 
ROMless 
ROM 
ROMless 
ROM 
. 


P80CL31HFP 
P80CL51HFP 
P80CL31 HFP N 
P80CL51HFP N 
-40 to +85; 
SOT129 
40-lead Plastic Dual In-line Package (1.8V to 6V) 


P80CL31HFT 
P80CL51HFT 
P80CL31 HFT D 
P80CL51HFT D 
-40 to +85; 
SOT158A 
40-lead Plastic Small Outline Package (1.8V to 6V) 


P80CL51HFH 
P80CL41HFH B 
P80CL51HFH B 
-40 to +85; 
SOT307 
44-lead Plastic Quad Flat Package (1.8V to 6V) 


P80C51HFP 
P80C51HFP N 
-40 to +85; 
SOT129 
40-lead Plastic Dual In-line Package (5.0V ±10%) 


P80C51HFT 
P80C51HFTD 
-40 to +85; 
SOT158A 
40-iead Plastic Small Outline Package (5.0V ±10%) 


P80C51HFH 
P80C51HFH B 
-40 to +85; 
SOT307 
44-lead Plastic Quad Flat Package (5.0V ±10%) 


PIN 
FUNCTION 
DESIGNATION 
QFP 
DIP 


40 
1 
P1.0/INT2 
Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pullups. Port 1 pins that have 1s written 


41 
2 
P1.1~NT3 
to them are pulled HIGH by the internal pullups, and in that state can be used as inputs. The Port 1 
42 
3 
P1.~NT4 
output buffer can sink/source 4 LS TTL loads. As inputs, Port 1 pins that are externally pulled LOW 


43 
4 
P1.3/INT5 
will source current (IlL in the characteristics) due to the internal pullups. Port 1 also serves the 


44 
5 
P1.4~NT6 
alternative functions INT2 to INT9. 
1 
6 
P1.5/INT7 
2 
7 
P1.6/INT8 
3 
8 
P1.7~NT9 


4 
9 
RST 
Reset: A high level on this pin for two machine cycles while the oscillator is running resets the 
device. 


5-13 
10-17 
Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. The Port 3 output buffers can 
sink/source 4 LS TTL inputs. Port 3 pins that have 1s written to them are pulled HIGH by the 
internal pull ups, and in that state can be used as inputs. As inputs, Port 3 pins that are externally 
pulled LOW will source current (IlL in the characteristics) due to the internal pUll ups. 
5 
10 
P3.0/RXD/data 
RXD/data: Serial port receiver data input (asynchronous)or data inpuVoutput (synchronous) 
7 
11 
P3.1ITXD/c1ock 
TXD/clock: 
Serial port transmitter data output (asynchronous) or clock output (synchronous) 


8 
12 
P3.2/INTO 
INTO: External interrupt O. 


9 
13 
P3.3~NT1 
INT1: External interrupt 1. 
10 
14 
P3.41T0 
TO: Timer 0 external input. 


11 
15 
P3.51T1 
T1: Timer 1 external input. 


12 
16 
P3.6iWR 
WI'!: External data memory write strobe. 
13 
17 
P3.7/FfD 
RO: External data memory read strobe. 


14 
18 
XTAL2 
Crystal output: 
Output of the inverting amplifier of the oscillator. Left open when external clock is 


used. 


Crystal input: Input to the inverting amplifier of the oscillator; also the input for an externally gen- 
erated clock source. 


15 
19 
XTAL1 
Crystal input: Input to the inverting amplifier of the oscillator; also the input for an externally 
generated clock source. 


16 
20 
Vss 
Ground: 
Circuit ground potential. 


18-25 
21-28 
P2.0-P2.7 
Port 2: Port 2 is an 8-bit bidirectional 1/0 port with internal pullups. Port 2 pins that have 1s written 
to them are pulled HIGH by the internal pullups, and in that state can be used as inputs. The Port 2 
output buffer can sink/source 4 LS TTL loads. 


Port 2 emits the high-order address byte during accesses to external memory that use 1 6-bit ad- 
dresses (MOVX @DPTR). In this application it uses the strong internal pullups when emitting 1s. 
During accesses to external memory that use 8-bit addresses (MOVX @Ri), Port 2 emits the con- 
tents of the P2 Special Function Register. 


26 
29 
PSEN 
Program store enable output: 
Read strobe to external program memory. When executing code 


out of external program memory, PSEN is activated twice each machine cycle. However, during 
each access to external data memory two PSEN activations are skipped. 


27 
30 
ALE 
Address 
Latch Enable: Output pulse for latching the low byte of the address during access to 
external memory. ALE is emitted at a constant rate of 1/6 of the oscillator frequency, and may be 
used for external timing or clocking purposes. 


29 
31 
Ell 
External Access: 
When EA is held High the CPU executes out of internal program memory (un- 


less the program counter exceeds OFFFH). Holding EA LOW forces the CPU to execute out of 
external memory regardless of the value of the program counter. 


30-37 
32-39 
PO.0-POO.7 
Port 0: Port 0 is an 8-bit open drain bidirectional I/O port. As an open drain output port it can sink 8 
LS TTL ioads. Port 0 pins that have 1s written to them float, and in that state will function as high 
impedance inputs. Port 0 is also the multiplexed low order address and data bus during access to 
external memory. In this application it uses strong internal pull-ups when emitting logic 1s. 


38 
40 
VDD 
Power supply. 
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1.0 
FUNCTIONAL 
DESCRIPTION 


General 
The 80CL51 is a stand-alone 
high-performance CMOS microcontroller 
designed for use in real-time applications 
such as instrumentation, industrial control, 
intelligent computer peripherals and 
consumer products. 


The device provides hardware features, 
architectural enhancements and new 
instructions to function as a controller for 
applications requiring up to 64K bytes of 
program memory and/or up to 64K bytes of 
data storage. 


The 80CL51 contains a non-volatile 4K byte x 
8 read-only program memory; a static 
128 byte x 8 read/write data memory; 32 1/0 
lines; two 16-bit timer/event counters; a 
thirteen- source two priority-level, nested 
interrupt structure and on-chip oscillator and 
timing circuit. 


The device has two software selectable 
modes of reduced activity for power 
reduction: IDLE and Power-down. The Idle 
mode freezes the CPU while allowing the 
RAM, timers, serial I/O and interrupt system 
to continue functioning. The Power-down 
mode saves the RAM contents but freezes 
the oscillator causing all other chip functions 
to be inoperative. 


The P80C51 is a 5V version of the low 
voltage microcontroller P80CL51. Hereafter 
the generic term P80CL51 will be used for 
the functional description of both types. The 
special features of the P80C51 are handled 
in chapter 1.9. 


CPU timing 
A machine cycle consists of a sequence of 6 
states. Each state time lasts for two oscillator 
periods, thus a machine cycle takes 12 
oscillator periods or 11!sif the oscillator 
frequency is 12MHz. 


1.1 
Memory organization 
The 80CL51 has a 4K Program Memory 
(ROM) plus 128 bytes of Data Memory 
(RAM) on board. The device has separate 
address spaces for Program and Data 
Memory (see Memory Map). Using Ports PO 
and P2, the 80CL51 can address up to 64K 
bytes of external memory. The CPU 
generates both read and write signals (RD 
and WR) for external Data Memory 
accesses, and the read strobe (PSEN) for 
external Program Memory. 


1.1.1 
Program Memory 
The 80CL51 contains 4K bytes of internal 
ROM. After reset the CPU begins execution 
at location OOOOH.The lower 4K bytes of 
Program Memory can be implemented in 
either on- chip ROM or external Memory. If 
the EA pin is strapped to VDD, then program 
memory fetches from addresses OOOH 
through OFFFH are directed to the internal 
ROM. Fetches from addresses 1000H 
through FFFFH are directed to external ROM. 
Program counter values greater than OFFFH 
are automatically addressed to external 
memory regardless of the state of the EA pin. 


1.1.2 
Data Memory 


The 80CL51 contains 128 bytes of internal 
RAM and 25 Special Function Registers 
(SFR). The Memory Map below shows the 


225r- 


I 
127 


internal Data Memory space divided into the 
Lower 128, the Upper 128, and the SFR 
space. 


The lower 128 bytes of the internal RAM are 
organized as mapped in Figure 1. The lowest 
32 bytes are grouped into 4 banks of 8 
registers. Program instructions refer to these 
registers ROthrough R7. Two bits in the 
Program Status Word select which register 
bank is in use. The next 16 bytes above the 
register banks form a block of 
bit-addressable memory space. The 128 bits 
in this area can be directly addressed by the 
single-bit manipulation instructions. The 
remaining registers (30H to 7FH) are directly 
and indirectly byte addressable. 


1.1.3 
Special Function 
Registers 


The upper 128 bytes are the address 
locations of the SFRs. Figure 2 shows the 
Special Function Register (SFR) space. 
SFRs include the port latches. timers, 
peripheral control, serial I/O registers, etc. 
These registers can only be accessed by 
direct addressing. There are 128 addressable 
locations in the SFR address space (SFRs 
with addresses divisible by eight). 


1.1.4 
Addressing 
The 80CL51 has five methods for addressing 


source 
operands: 


Register 


Direct 


Register-Indirect 


Immediate 


Base-Register-plus 
Index- Register-indirect 


'----v-----' 


EXTERNAL 
DATA 
RAM 


The first three methods can be used for 
addressing destination operands. Most 
instructions have a "destination/source" filed 
that specifies data type, addressing methods 
and operands involved. For operations other 
than MOVs, the destination operand is also a 
source operand. 


Access to memory addressing is as follows: 


Registers in one of the four register 
banks through register, direct or indirect. 


Internal RAM (128 bytes) through direct 
or register-indirect. 


Special Function Register through 
Direct. 


External data memory through 
Register-Indirect 


Program memory look-up tables through 
Base-Register-Plus 
Index-Register -Indirect. 


1.2.1 
Ports 
The 80CL51 has 32 I/O lines treated as 32 
individually addressable bits or as four 
parallel 8- bit addressable ports. Port 0, 1, 2 
and 3 perform the following alternate 
functions: 


7FH 


2FH 


20H 


R7 
lFH 


I 


I 


RO 
18H 


R7 
17H 
I 
I 


RO 
10H 


R7 
OFH 


I 
I 


RO 
08H 


R7 
07H 


I 
I 
RO 
0 


} 


BIT-ADDRE$$ABLE$PACE 
(BIT ADDRESSES 
D-7F) 


Port 0: 
provides the multiplexed low-order 
address and data bus for 
expanding the device with 
standard memories and 
peripherals. 


Port 1: 
provides the inputs for the external 
interrupts INT2/INT9. 


Port 2: 
provides the high-order address 
when expanding the device with 
external program or data memory. 


Port 3: 
pins can be configured individually 
to provide: 


(1) external interrupt request inputs 
(2) counter input 


(3) control signals to read and 
write to external memories 


(4) UART input and output 


To enable a Port 3 pin alternate function, the 
Port 3 bit latch in its SFR must contain a 
logic 1. 


Each port consists of a latch (Special 
Function Registers POto P3), an output 
driver and an input buffer. Ports 
1,2,3 
have 


internal pull ups. Figure 3(a) shows that the 
strong transistor p1 is turned on for only 2 
oscillator periods after a 0-to-1 transition in 


the port latch. When on, it turns on p3 (a 
weak pull up) through the inverter. This 
inverter and p3 form a latch which hold the 1. 
In Port 0 the pull up p1 is only on when 
emitting 1s for external memory access. 
Writing a 1 to a Port 0 bit latch leaves both 
output transistors switched off so the pin can 
be used as a high-impedance input. 


1.2.2 
Port Options 


The pins of port 1, port 2, and port 3 may be 
individually configured with one of the 
following options (see Figure 3): 


Option 1: Standard Port; quasi-bidirectional 


I/O with pull up. The strong booster 
pull up p1 is turned on for two 
oscillator periods after a 0-to-1 
transition in the port latch (see 
Figure 3(a)). 


Option 2: Open drain; quasi-bidirectional 
I/O 


with n-channel open drain output. 
Use as an output requires the 
connection of an externai pull up 
resistor (see Figure 3(c)). 


Option 3: Push-Pull; output with drive 


capability in both polarities. Under 
this option, pins can only be used 
as outputs. See Figure 3(b). 
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The definition of port options for port 0 is 
slightly different. Two cases have to be 
examined. First, accesses to external 
memory (EA=O or access above the built-in 
memory boundary), second, 110 accesses. 


External Memory Accesses 
Option 1: True 0 and 1 are written as 
address to the external memory 
(strong pull up is used). 


Option 2: An external pull up resistor is 
needed for external accesses. 


Option 3: Not allowed for external memory 


access as the port can only be 
used as output. 


I/O Accesses 
Option 1: When writing a 1 to the port-latch, 


the strong pull up p1 will be on for 
2 oscillator periods. No weak pull 
up exists. Without an external pUll 
up, this option can be used as a 
high-impedance input. 


Option 2: Open drain; quasi-bidirectional 
I/O 
with n-channel open drain output. 
Use as an output requires the 
connection of an external pull up 
resistor (see Figure 3(c)). 


Option 3: PUSh-Pull; output with drive 


capability in both polarities. Under 
this option, pins can only be used 
as outputs. 


Individual mask selection of the post-reset 
state is available on any of the above pins. 
Make your selection by appending "S" or "R" 
to option 1, 2, or 3 above (e.g. 1 S for a 
standard i/O to be set after RESET or 2R for 
an open-drain I/O to be reset after RESET). 


1.3 
Timer/event 
counter 


The 80CL51 contains two 16-bit 
Timer/Counter registers, Timer 0 and Timer 1, 
which can periorm the following functions: 


Measure time intervals and pulse 
durations 


Count events 


- 
Generate interrupts requests 


Timer 0 and Timer 1 can be independently 
programmed to operate as follows: 


Mode 0 - B-bit timer or counter with 
divide-by-32 prescaler 


Mode 1 - 
16-bit time-interval or event 
counter 


Mode 2 - B-bit time interval or event counter 


with automatic reload upon 
overflow 


Mode 3 - Timer 0 establishes TLO and THO 
as two separate counters. 


In the "Timer" function, the register is 
incremented every machine cycle. Since a 
machine cycle consists of 12 oscillator 


periods, the count rate is 1/12 of the oscillator 
frequency. 


In the "Counter" function, the register is 
incremented in response to a l-to-O 
transition. Since it takes 2 machine cycles 
(24 oscillator periods) to recognize a Ho-O 
transition, the maximum count rate is 1/24 of 
the oscillator frequency. To ensure a given 
level is sampled, it should be held for at least 
one full machine cycle. 


1.4 
Idle and Power-down 
operation 
Idle mode operation permits the interrupt, 
serial port and timer blocks to continue 
functioning while the clock to the CPU is 


halted. The following functions remain active 
during Idle mode: 


Timer 0, Timer 1 


UART 


Ex1ernal interrupt 


The Power-down operation freezes the 
oscillator. The Power-down mode can only be 
activated by setting the PO bit in the PCON 
register. 


1.4.1 
Power control 
register 


Power-down and Idle modes are activated by 
software via the Special Function Register 
PCON. Its hardware address is B?H. PCON 
is byte addressable only. 


PCON 


BIT 
POSITION 
FUNCTION 


SMOD 
PCON.? 
Double baud-rate bit, see description of the UART, chapter 1.5. 
PCONA-PCON.6 
(reserved) 


GFl 
PCON.3 
General purpose flag bit 


GFO 
PCON.2 
General purpose flag bit 
, 


PO 
PCON.l 
Power-down activation bit 
, 


IDL 
PCON.O 
Idle mode activation bit 


INPUTS 


SERIAL 
PORTS 


TIMER 
BLOCKS 


1.4.2 
Power-down 
mode 
The instruction setting PCON.1 is the last 
executed prior to going into the Power-down 
mode. in Power-down mode the oscillator is 
stopped. The contents of the on-chip RAM 
and SFRs are preserved. The port pins 
output the values held by their respective 
SFRs. ALE and PSEN are held LOW. 


In the Power-down mode Voo may be 
reduced to minimize power consumption. 
However. the supply voltage must not be 
reduced until Power-down mode is active, 
and must be restored before the hardware 
reset is applied and frees the oscillator. Reset 
must be held active until the oscillator has 
restarted and stabilized. 


The wake-up operation after power-down in 
this controller has two basic approaches: 


1.4.2.1 
Wake-up using INT2 to INT9 


If INT2 to INT9 are enabled, the 80CL51 can 
be awakened from power-down mode with 
the eldernal interrupts. To ensure that the 
oscillator is stable before the controller 
restarts, the internal clock will remain inactive 
for 1536 oscillator periods. This is controlled 
by an on-chip delay counter. 


1.4.2.2 
Wake-up using RESET 


To wake-up the 80CL51 the RESET pin has 
to be kept HIGH for a minimum of 24 
oscillator periods. The on-chip delay counter 
is inactive. The user has to ensure that the 
oscillator is stable before any operation is 
attempted. Figure 5 illustrates the two 
possibilities for wake-up. 


1.4.3 
Idle mode 


The instruction that sets PCON.O is the last 
instruction executed before going into Idle 
mode. Once in the Idle mode, the internal 
clock is gated away from the CPU, but not 
from the Interrupt, Timer and Serial port 
functions. The CPU status is preserved along 
with the Stack Pointer, Program Counter, 
Program Status Word and Accumulator. The 
RAM and all other registers maintain their 
data during Idle mode. The port pins retain 
the logical states they held at Idle mode 
activation. ALE and PSEN hold at the logic 
HIGH level. 


There are two methods used to terminate the 
Idle mode. Activation of any enabled interrupt 
will cause PCON to be cleared by hardware, 
terminating Idle mode. The interrupt is 
serviced, and following the instruction RETI, 
the next instruction to be executed will be the 


one following the instruction that put the 
device in the Idle mode. 


Flag bits GFO and GF1 may be used to 
determine whether the interrupt was received 
during normal execution or Idle mode. For 
example, the instruction that writes to 
PCON.O can also set or clear one or both flag 
bits. When Idle mode is terminated by an 
interrupt, the service routine can examine the 
status of the flag bits. 


The second method of terminating the Idle 
mode is with an external hardware reset. 
Since the oscillator is still running, the 
hardware reset is required to be active for 
only two machine cycles to complete the 
reset operation. 


Reset redefines all SFRs, but does not affect 
the on-chip RAM. 


The status of the external pins during Idle 
and Power-down mode is shown in Table 4. 
If the Power-down mode is activated while 
accessing eldernal memory, port data held in 
the Special Function Register P2 is restored 
to Port 2. If the data is a logic 1, the port pin 
is held HIGH during the Power-down mode 
by the strong pull up transistor p1 (see 
Figure 3(a)). 


MODE 
MEMORY 
ALE 
PSEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
internal 
1 
1 
Port Data 
Port Data 
Port Data 
Port Data 


Idle 
external 
1 
1 
Floating 
Port Data 
Address 
Port Data 


Power-down 
internal 
a 
a 
Port Data 
Port Data 
Port Data 
Port Data 


Power-down 
external 
a 
a 
Floating 
Port Data 
Port Data 
Port Data 


1.5 
Standard 
serial interface 
SID: 


UART 
This serial port is full duplex, meaning it can 
transmit and receive simultaneously. It is also 
receive-buffered, meaning it can commence 
reception of a second byte before a 
previously received byte has been read from 
the register. (However, if the first byte still 
hasn't been read by the time reception of the 
second byte is complete, one of the bytes will 
be lost). The serial port receive and transmit 
registers are both accessed at Special 
Function Register SOBUF.Writing to SOBUF 
loads the transmit register, and reading 
SOBUF loads the transmit register, and 
reading SOBUF accesses a physically 
separate receive register. 


The serial port can operate in 4 modes: 


Mode 0: 
Serial data enters and exits 
through RxD. TxD outputs the shift 
clock. 8 bits are transmitted/ 
received (LSB first). The baud is 
fixed at 1/12 the oscillator 
frequency. 


Mode 1: 
10 bits are transmitted (through 
TxD) or received (through RxD): a 
start bit (0), 8 data bits (LSB first), 
and a stop bit (1). On receive, the 
stop bit goes into RB8 in Special 
Function Register SCON. The 
baud rate is variable. 


Mode 2: 
11 bits are transmitted (through 
TxD) or received (through RxD): 
start bit (O), 8 data bits (LSB first), 
a programmable 9th data bit, and a 
stop bit (1). On Transmit, the 9th 
data bit (TB8 in SCON) can be 
assigned the value of 0 or 1. Or, 
for example, the parity bit (P, in the 
PSW) could be moved into TB8. 
On receive, the 9th data bit goes 
into RB8 in Special Function 
Register SCaN, while the stop bit 
is ignored. The baud rate is 
programmable to either 1/32 or 
1/64 the oscillator frequency. 


Mode 3: 
11 bits are transmitted (through 
TxD) or received (through RxD): a 
start bit (0), 8 data bits (LSB first), 
a programmable 9th data bit and a 
stop bit (1). In fact, Mode 3 is the 
same as Mode 2 in all respects 
except baud rate. The baud rate in 
Mode 3 is variable. 


In all four modes, transmission is initiated by 
any instruction that uses SOBUF as a 
destination register. Reception is initiated in 
Mode 0 by the condition RI = 0 and REN = 1. 
Reception is initiated in the other modes by 
the incoming start bit if REN = 1. 


1.5.1 
Multiprocessor 
communications 


Modes 2 and 3 have a special provision for 
multiprocessor communications. In these 
modes, 9 data bits are received. The 9th one 
goes into RB8. Then comes a stop bit. The 
port can be programmed such that when the 
stop bit is received, the serial port interrupt 
will be activated only if RB8 = 1. This feature 
is enabled by setting bit SM2 in SCON. A 
way to use this feature in multiprocessor 
systems is as follows: 


When the master processor wants to transmit 
a block of data to one of several slaves, it 
first sends out an address byte which 
identifies the target slave. An address byte 
differs from a data byte in that the 9th bit is 1 
in an address byte and 0 in a data byte. With 
SM2 = 1, no slave will be interrupted by a 
data byte. An address byte, however, will 
interrupt all slaves, so that each slave can 
examine the received byte and see if it is 
being addressed. The addressed slave will 
clear its SM2 bit and prepare to receive the 
data bytes that will be coming. The slaves 
that weren't being addressed leave their 
SM2s set and go on about their business, 
ignoring the coming data bytes. 


SM2 has no effect in Mode 0, and in Mode 1 
can be used to check the validity of the stop 
bit. In a Mode 1 reception, if SM2 = 1, the 
receive interrupt will not be activated unless a 
valid stop bit is received. 


1.5.2 
Serial port control 
register 
The serial port control and status register is 
the Special Function Register SOCON, 
shown in Figure 6. The register contains not 
only the mode selection bits, but also the 9th 
data bit for transmit and receive (TB8 and 
RB8), and the serial port interrupt bits (T1 
and R1). See next page. 


Baud Rates 
The baud rate in Mode 0 is fixed: Mode 0 
Baud Rate = Oscillator Frequency /12. The 
baud rate in Mode 2 depends on the value of 
bit SMOD in Special Function Register 
PCON. If SMOD = 0 (which is the value on 
reset), the baud rate is 1/64 the oscillator 
frequency. If SMOD = 1, the baud rate is 1/32 
the oscillator frequency. 


Mode 2 Baud Rate = 


(2SMOD/64}(Oscillator Frequency) 


The baud rates in Modes 1 and 3 are 
determined by the Timer 1 overflow rate. 


Using Timer 1 to generate baud rates 
When Timer 1 is used as the baud rate 
generator, the baud rates in Modes 1 and 3 
are determined by the Timer 1 overflow rate 
and the value of SMOD as follows: 


(2SMOD/32}(Timer 1 Overflow Rate) 


The Timer 1 interrupt should be disabled in 
this application. 
The Timer itself can be 
configured for either "limer" or "counter" 
operation, and in any of its 3 running modes. 
In the most typical applications, it is 
configured for '1imer operation, in the 
auto-reload mode (high nibble of TMOD = 
0010B). In that case the baud rate is given by 
the formula: 


Mode 1, 3 Baud Rate = 


((2SMOD/32) (Oscillator Frequency)) / 
{12 (256 - (TH 1 )) 


One can achieve very low baud rates with 
Timer 1 by leaving the Timer 1 interrupt 
enabled, and configuring this Timer to run as 
a 16-bit timer (high nibble of TMOD = 
0001 B), and using the Timer 1 interrupt to do 
a 16-bit software reload. Table 5 lists various 
commonly used baud rates and how they can 
be obtained from Timer 1. 


More about Mode 0 
Figure 7 shows a simplified functional 
diagram of the serial port in Mode 0, and 
associated timing. Transmission is initiated 
by any instruction that uses SOBUF as a 
destination register. The ''write to SOBUP' 
signal at S6P2 also loads a 1 into the 9th 
position of the transmit shift register and tells 
the TX Control block to commence a 
transmission. The internal timing is such that 
the one full machine cycle will elapse 
between "write to SOBUP, and activation of 
SEND. 


SEND enables the output of the shift register 
to the alternate output function line of P3.0 
and also enables SHI FT CLOCK to the 
alternate output function line of P3.1. SHIFT 
CLOCK is low during S3, S4, and S5 of every 
machine cycle, and high during S6, S1 and 
S2. At S6P2 of every machine cycle in which 
SEND is active, the contents of the transmit 
shift are shifted to the right one position. 


As data bits shift out to the right, zeros come 
in from the left. When the MSB of the data 
byte is at the output position of the shift 
register, then the 1 that was initially loaded 
into the 9th position is just to the left of the 
MSB, and all positions to the left of that 
contain zeros. This condition flags the TX 
Control block to do one last shift and then 
deactivate SEND and set T1. Both of these 
actions occur at S1P1 of the 10th machine 
cycle after "write to SOBUP. 


Reception is initiated by the condition REN = 
1 and R1 = O.At S6P2 of the next machine 
cycle, the RX Control unit writes the bits 
11111110to the receive shift register, and in 
the next clock phase activates RECEIVE. 


Mse 
Lse 


~ 


Where SMO, SM1 specify the serial 
port mode, as follows: 


SMO 
SM1 
Mode 
Description 
Baud Rate 


0 
0 
0 
shift register 
fose! 12 


0 
1 
1 
8~bil UART 
variable 


1 
0 
2 
9-bit UART 
fose!64 
or 
fose!32 


3 
9-bit variable UART 


-SM2 
Enables the multiprocessor communication feature in Modes 2 and 3. In Mode 2 or 3, if SM2 is set to 1 then RI will not be activated 
if the received 9th data bit (RB8) is O.In Mode 1, if SM2=1 then R1 will not be activated if a valid stopbit was not received. In Mode 0, 
SM2 should be O. 


-REN 
Enables serial reception. Set by software to enable reception, Clear by software to disable reception. 


-RBS 
In Modes 2 and 3, is the 9th data bit that was received. In Mode 1, it SM2=0, RB8 is the stop bit that was received. In Mode 0, RB8 
is not used. 
-TI 
Is transmit interrupt flag. Set by hardware at the end of the 8th time in Mode 0, or at the beginning of the stop bit in the other modes, 
in any serial transmission. Must be cleared by software. 
-RI 
Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or halfway through the stop bit time in the other modes, 
in any serial reception except (see SM2). Must be cleared by software. 


TIMER 1 


BAUD 
RATE 
fose 
SMOD 
err 
MODE 
RELOAD 
VALUE 


Mode 0 Max: 1.33 Mb/s 
16 MHz 
x 
x 
x 
x 


Mode 2 Max: 500 Kb/s 
16 MHz 
1 
x 
x 
x 


Modes 1,3: 83.3 Kb/s 
16MHz 
1 
0 
2 
FFH 


19.2 Kb/s 
11.059 MHz 
1 
0 
2 
FDH 


9.6 Kb/s 
11.059 MHz 
0 
0 
2 
FDH 


4.8 Kb/s 
11.059 MHz 
0 
0 
2 
FAH 


2.4 Kb/s 
11.059 MHz 
0 
0 
2 
F4H 


1.2 Kb/s 
11.059 MHz 
0 
0 
2 
E8H 


137.5 Kb/s 
11.986 MHz 
0 
0 
2 
1DH 


110 
6 MHz 
0 
0 
2 
72H 


110 
12MHz 
0 
0 
1 
FEEBH 


RECEIVE enables SHIFT CLOCK to the 
alternate output function line of P3.1. SHIFT 
Clock makes transitions at S3P1 and S6P1 of 
every machine cycle. at S6P2 of every 
machine cycle in which RECEIVE is active, 
the contents of the receive shift register are 
shifted to the left one position. The vaiue that 
comes in from the right is the value that was 
sampled at the P3.0 pin at S5P2 of the same 
machine cycle. 


As data bits come in from the right, 1S shift 
out to the left. When the 0 that was initially 
loaded into the right-most position arrives at 
the left-most position in the shift register, it 
flags the RX Control block to do one last shift 
and load SOBUF.At S1P1 of the 10th 
machine cycle after the write to SCON that 
cleared RI, RECEIVE is cleared as RI is set. 


More about Mode 1 
Ten bits are transmitted (through TxD), or 
received (through RxD): a start bit (0), 8 data 
bits (LSB first), and a stop bit (1 ). On 
receive, the stop bit goes into RB8 in SCON. 
In the 8051 the baud rate is determined by 
the Timer 1 overflow rate. 


Figure 8 shows a simplified functional 
diagram of the serial port in Mode 1, and 
associated timings for transmiVreceive. 


Transmission is initiated by any instruction 
that uses SOBUF as a destination register. 
The "write to SOBUF" signal also loads a 1 
into the 9th bit position of the transmit shift 
register and flags the TX Control unit that a 
transmission is requested. Transmission 
actually commences at S1P1 of the machine 
cycle following the next rollover in the 
divide-by-16 counter. (Thus, the bit times are 
synchronized to the divide-by-16 counter, not 
to the "write to SOBUF" signal). 


The transmission begins with activation of 
SEND which sends the start bit to pin TxD. 
One bit time later, DATA is activated, 
enabling the transmission of the output bit of 
the transmit shift register to TxD. The first 
shift pulse occurs one bit time after that. 


As data bits shift out to the right, zeros are 
clocked in from the left. When the MSB of the 
data byte is at the output position of the shift 
register, then the 1 that was initially loaded 
into the 9th position is just to the left of the 
MSB, and all positions to the left of that 
contain zeros. This condition flags the TX 
Control unit to do one last shift and then 
deactivate SEND and set TI. This occurs at 
the 10th divide-by-16 rollover after "write to 
SOBUF". Reception is initiated by a detected 


1 -to-O transition at RxD. For this purpose 
RxD is sampled at a rate of 16 times 
whatever baud rate has been established. 
When a transition is detected, the 
divide-by-16 counter is immediately reset, 
and 1FFH is written into the input shift 
register. Resetting the divide-by-16 counter 
aligns its rollovers with the boundaries of the 
incoming bit times. The 16 states of the 
counter divide each bit time into 16th. At the 
7th, 8th, and 9th counter states of each bit 
time, the bit detector samples the value of 
RxD. The value accepted is the value that 
was seen in at least 2 of the 3 samples. This 
is done for noise rejection. If the value 
accepted during the first bit time is not 0, the 
receive circuits are reset and the unit goes 
back to looking for another 1-to-0 transition. 
This is to provide rejection of false start bits. 
If the start bit proves valid, it is shifted into the 
input shift register, and reception of the rest 
of the frame will proceed. 


As data bits come in from the right, 1S shift 
out to the left. When the start bit arrives at the 
left-most position in the shift register, (which 
in mode 1 is a 9-bit register), it flags the RX 
Control block to do one last shift, loads 
SOBUF and RB8, and set RI. The signal to 
load SOBUF and RB8, and to set RI, will 
generated if, and only if, the following 
conditions are met at the time the final shift 
pulse is generated. 


1. R1 = 0, and 


2. 
Either SM2 = 0, or the received stop 
bit= 1 


If either of these two conditions is not met, 
the received frame is irretrievably lost. If both 
conditions are met, the stop bit goes into 
RB8, the 8 data bits go into SOBUF, and RI is 
activated. At this time, whether the above 
conditions are met or not, the unit goes back 
to looking for a 1-10-0transition in RxD. 


More about modes 2 and 3 
Eleven bits are transmitted (through TxD), or 
received (through RxD): a start bit (0), 8 data 
bits (LSB first), a programmable 9th data bit, 
and a stop bit (1). On transmit, the 9th data 
bit (TB8) can be assigned the value of 0 or 1. 
On receive, the 9th data bit goes into RB8 in 
SCON. The baud rate is programmable to 
either 1/32 or 1/64 the oscillator frequency in 
Mode 2. Mode 3 may have a variable baud 
rate generated from Timer 1. 


Figures 9 and 10 show a functional diagram 
of the serial port in Modes 2 and 3. The 
receive portion is exactly the same as in 


Mode 1. The transmit portion differs from 
Mode 1 only in the 9th bit of the transmit shift 
register. 


Transmission is initiated by any instruction 
that uses SOBUF as a destination register. 
The "write to SOBUF" signal also loads TB8 
into the 9th bit position of the transmit shift 
register and flags the TX Control unit that a 
transmission is requested. Transmission 
commences at S1P1 of the machine cycle 
following the next rollover in the divide-by-16 
counter (thus, the bit times are synchronized 
to the divide-by-16 counter, not to the "write 
to SOBUF" signal). The transmission begins 
with activation of SEND, which puts the start 
bit at TxD. One bit time later, DATA is 
activated, which enables the output bit of the 
transmit shift register to TxD. One bit time 
later, DATA is activated, which enables the 
output bit of the transmit shift register to TxD. 
The first shift pulse occurs one bit time after 
that. The first shift clocks a 1 (the stop bit) 
into the 9th bit position of the shift register. 
Thereafter, only zeros are clocked in. Thus, 
as data bits shift out to the right, zeros are 
clocked in from the left. Then TB8 is at the 
output position of the shift register, then the 
stop bit is just to the left of TB8, and all 
positions to the left of that contains zeros. 
This condition flags the TX Control unit to do 
one last shift and then deactivate SEND and 
set TI. This occurs at the 11th divide-by-16 
rollover after ''write to SOBUF". 


Reception is initiated by a detected 1-to-0 
transition at RxD. For this purpose RxD is 
sampled at a rate of 16 times whatever baud 
rate has been established. When a transition 
is detected, the divide-by-16 counter is 
immediately reset, and 1FFFH is written to 
the input shift register. 


At the 7th, 8th and 9th counter states of each 
bit time, the bit detector samples the value of 
RxD. The value accepted is the value that 
was seen in at least 2 of the 3 samples. If the 
value accepted during the first bit time is not 
0, the receive circuits are reset and the unit 
goes back to looking for another 1-to-0 
transition. If the start bit proves valid, it is 
shifted into the input shift register, and 
reception of the rest of the frame will 
proceed. As data bits come in from the right, 
1S shift out to the left. When the start bit 
arrives at the ieft-most position in the shift 
register (which in Modes 2 and 3 is a 9-bit 
register), it flags the RX Control block to do 
one last shift, load SOBUF and RB8, and set 
RI. 
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The signal to load SOBUF and RB8, and to 
set RI, will be generated if, and only if, the 
following conditions are met at the time the 
final shift pulse is generated. 


1. RI = 0, and 


2. 
Either SM2 = 0 or the received 9th data 
bit= 1 


If either of these conditions is not met, the 
received frame is irretrievably lost, and RI is 
not set. If both conditions are met, the 
received 9th data bit goes into RB8, and the 
first 8 data bits 90 into SOBUF.One bit time 
later, whether the above conditions were met 
or not, the unit goes back to looking for a 
1-10-0transition at the RxD input. 


1.6 
Interrupt System 


External events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronous to do execution of any 


particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution, a multiple-source, 
two-priority-Ievel, nested interrupt system is 
provided. The 80CL51 acknowledges 
interrupt requests from thirteen sources as 
follows: 


INTOand INT1 


TImer 0 and TImer 1 


UART serial I/O 


INT2 to INT9 (Port 1) 


Each interrupt vectors to a separate location 
in program memory for its service routine. 
Each source can be individually enabled or 
disabled by corresponding bits in the Interrupt 
Enable Registers (IE, IEO). The priority level 
is selected via the Interrupt Priority register 
(IPO,IP1). All enabled sources can be 
globally disabled or enabled. 
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1.6.1 
External Interrupts 
INT2IINT9 


Port 1 lines serve an alternative purpose as 
eight additional interrupts INT2 to INT9. 
When enabled, each of these lines may 
"wake-up" the device from Power-down 
mode. Using the IX1 register, each pin may 
be initialized to either active HIGH or LOW. 
IRQ1 is the interrupt request flag register. 
Each flag, if the interrupt is enabled, will be 
set on an interrupt request but must be 
cleared by software, i.e. via the interrupt 
software or when the interrupt is disabled. 


The Port 1 interrupts are level sensitive. A 
Port 1 interrupt will be recognized when a 
level (HIGH or LOW depending on Interrupt 
Polarity Register IX1) on P1x is held active 
for at least one machine cycle. The Interrupt 
Request is not served until the next machine 
cycle. 


Interrupt 
enable register 
IENO, IENl 
IENO(A8H) 
I~I - Iml~I~I~I~I~1 


Bit 
Symbol 
Function 
IENO.7 EA 
General enable/disable control 
o = no interrupt is enabled 
1 = any individually enabled 
interrupt will be accepted 
Unused 
Unused 
Enable UART SIO interrupt 
Enable timer Tl interrupt 
Enable external interrupt 
Enable TImer TO interrupt 
Enable external interrupt 0 


IENO.6 
- 


IENO.5 ESl 
IENO.4 ESO 
IENO.3 ETl 
IENO.2 EXl 
IENO.l ETO 
IENO.OEXO 


IENl (E8H) 
1~1~1~1~1~lml~I=1 


Bit 
Symbol 
Function 
IEN1.7 
EX9 
Enable external interrupt 9 
IEN1.6 
EX8 
Enable external interrupt 8 
IEN1.5 
EX7 
Enable external interrupt 7 


IEN1.4 
EX6 
Enable external interrupt 6 


IEN1.3 
EX5 
Enable external interrupt 5 


IEN1.2 
EX4 
Enable external interrupt 4 


IEN1.l 
EX3 
Enable external interrupt 3 


IEN1.0 
EX2 
Enable external interrupt 2 


where 0 = interrupt disabled 
1 = interrupt enabled 


Interrupt 
priority 
register 
IPO, IPl 
IPO (B8H) 
I- I- I-I~I~I~I~I~I 


Bit 
Symbol 
Function 


IPO.7 
Unused 
IPO.6 
Unused 


IPO.5 
PSl 
Unused 
IPO.4 
PSO 
UART SIO interrupt 
IPO.3 
PTl 
Timer 1 interrupt priority level 
IPO.2 
PXl 
External interrupt 1 priority 
level 


IPO.l 
PTO 
TImer 0 interrupt priority level 


IPO.O 
PXO 
External interrupt 0 priority 
level 


IPl (B8H) 
I~I~I-I~I~I~I~I=I 


Bit 
Symbol 
Function 
IPL7 
PX9 
External interrupt 9 priority level 
IP1.6 
PX8 
External interrupt 8 priority level 
IP1.5 
PX7 
External interrupt 7 priority level 
IP1.4 
PX6 
External interrupt 6 priority level 


IP1.3 
PX5 
External interrupt 5 priority level 


IP1.2 
PX4 
External interrupt 4 priority level 


IP1.l 
PX3 
External interrupt 3 priority level 


IP1.0 
PX2 
External interrupt 2 priority level 


Interrupt priority is as follows: 


o = low priority 
1 = high priority 


Interrupt 
polarity 
register 
IXl 


IXl (E9H) 
1~1~lul~I~I~I~I~1 


Bit 
Symbol 
Function 


IX1.7 
IL9 
External interrupt 9 polarity level 


IX1.6 
IL8 
External interrupt 8 polarity level 


IX1.5 
IL7 
External interrupt 7 polarity level 


IX1.4 
IL6 
External interrupt 6 polarity level 


IX1.3 
IL5 
External interrupt 5 polarity level 


IX1.2 
IL4 
External interrupt 4 polarity level 


IX1.l 
IL3 
External interrupt 3 polarity level 


IX1.0 
IL2 
External interrupt 2 polarity level 


Interrupt 
request flag register 
IRQl 


IRQl (COH) 
I~I~I~I~I~I~I~I~I 


Bit 
Symbol 
Function 


IR01.7 
109 External interrupt 9 request flag 


IR01.6 
108 External interrupt 8 request flag 


IR01.5 107 
External interrupt 7 request flag 


IR01.4 106 
External interrupt 6 request flag 


IR01.3 105 External interrupt 5 request flag 
IR01.2 104 External interrupt 4 request flag 
IR01.l 
103 External interrupt 3 request flag 


IR01.0 102 External interrupt 2 request flag 


1.6.2 
Interrupt 
Vectors 


Vector 
Source 


XO 
0003H 
External 0 


SO 
0023H 
UARTSIO 


X5 
0053H 
External 5 
TO 
OOOBH 
Timer 0 


X6 
005BH 
External 6 


X1 
0013H 
External 1 


X2 
003BH 
External 2 


X7 
0063H 
External 7 
T1 
001BH 
Timer 1 


X3 
0043H 
External 3 


X8 
006BH 
External 8 


X4 
004BH 
External 4 


X9 
0073H 
External 9 


Interrupt 
priority 


Each interrupt priority source can be set to 
either high or low priority. If both priorities are 
requested simultaneously, the controller will 
branch to the high priority vector. 


A low priority interrupt can only be interrupted 
by a high priority interrupt. A high priority 
interrupt routine cannot be interrupted. 


1.6.3 
Related registers 
The following registers are used in 
conjunction with the interrupt system: 


Register 
Function 
IX1 
Interrupt polarity register 
IRQ1 
Interrupt enable register 
IEN1 
Interrupt enable register (INT2-INT9) 
IPO 
Interrupt priority register 
IP1 
Interrupt priority register (INT2-INT9) 


1.7 
Oscillator 
registers 
The on-chip circuitry of the 80CL51 is a 
single-stage inverting amplifier biased by an 
internal feedback resistor (Figure 13). For 
operation as standard quartz oscillator, no 
external components are needed except at 
32 KHz. When using external capacitors, 
ceramic resonators, coils and RC networks to 
drive the oscillator, five different 
configurations are supported (see Figure 14 
and oscillator options). 


In the Power-down mode the oscillator is 
stopped XTAL1 is pulled HIGH. The oscillator 
inverter is switched off to ensure no current 
will flow regardless of the voltage at XTAL1. 
To drive the device with an external clock 
source, apply the external clock signal to 
XTAL1, and leave XTAL2 to float, as shown 


ff 


in Figure 14(f). There are no requirements on 
the duty cycle of the external clock, since the 
input to the internal clocking circuitry is split 
sing a flip-flop. 


The following options are provided for 
optimum on-chip oscillator performance. 
Please state option when ordering. 


1.7.1 
Oscillator 
options 
(see Figure 14) 
The following options are provided for 
optimum on-chip oscillator performance. 
Please state option when ordering. 


Osc.1: 
: Figure 14(c): An option for 32 kHz 
clock applications with external 
trimmer for frequency adjustment. A 
4.7 MQ bias resistor is needed for 
use in parallel with the crystal. 


Osc. 2: 
Figure 14(e): An option for 
low-power, low-frequency 
operations using LC components. 


Osc. 3: 
An option for medium frequency 
range applications. 


Osc. 4: 
An option for high frequency range 
applications. 


RC: 
Figure 14(g): An option for an RC 
oscillator. 


QUARTZ 
OSCILLATOR 
STANDARD 
QUARTZ 
WITH EXTERNAL 
OSCILLATOR 
CAPACITORS 
32 kHz OSCILLATOR 


XTAL1 
XTAL2 
XTAL1 
XTAL2 
XTAL1 
XTAL2 
D 


;1 
;1 


(0) 
(b) 
(e) 


XTAL1 


N.C. 


Cl EXT. (pF) 
C2 EXT. (pF) 
MAX. RESONATOR 


RESONATOR 
f(MHz) 
OPTION 
MIN. 
MAX. 
MIN. 
MAX. 
SERIES RESISTANCE 


Quartz 
0.032 
OSC.l 
0 
0 
5 
15 
15 kO 1 


Quartz 
1.0 
OSC.2 
0 
30 
0 
30 
6000 


Quartz 
3.58 
OSC.2 
0 
15 
0 
15 
1000 


Quartz 
4.0 
OSC.2 
0 
20 
0 
20 
750 


Quartz 
6.0 
OSC.3 
0 
10 
0 
10 
600 


Quartz 
10.0 
OSC.4 
0 
15 
0 
15 
600 


Quartz 
12.0 
OSC.4 
0 
10 
0 
10 
400 


Quartz 
16.0 
OSC.4 
0 
15 
0 
15 
200 


PXE 
0.455 
OSC.2 
40 
50 
40 
50 
100 


PXE 
1.0 
OSC.2 
15 
50 
15 
50 
1000 


PXE 
3.58 
OSC.2 
0 
40 
0 
40 
100 


PXE 
4.0 
OSC.2 
0 
40 
0 
40 
100 


PXE 
6.0 
OSC.2 
0 
20 
0 
20 
50 


PXE 
10.0 
OSC.3 
0 
15 
0 
15 
60 


PXE 
12.0 
OSC.4 
10 
40 
10 
40 
60 


LC 
OSC.2 
20 
90 
20 
90 
10~H= 
10 


100 ~H = 5 0 
1 mH=75 
0 


NOTES: 
1. 32 kHz quartz crystals with a series resistance higher than 15 kO will reduce the guaranteed supply voltage range to 2.5 -3.5V. 
2. The equivalent circuit data of the internal oscillator compares with that of matched crystals. 


SYMBOL 
PARAMETER 
OPTION 
CONDITION 
MIN. 
TYP. 
MAX. 
UNIT 


9m 
Transconductance 
Osc.l 
T = +25 oC; Voo = 4.5V 
15 
~s 
9m 
Osc.2 
T = +25 oC; VOO= 4.5V 
200 
600 
1000 
~s 
9m 
Osc.3 
T = +25 oC; Voo = 4.5V 
400 
1500 
4000 
~s 
9m 
Osc.4 
T = +25 oC; VOO= 4.5V 
1000 
4000 
10000 
~s 


Clj 
Input Capacitance 
Osc.l 
3.0 
pF 


Clj 
Osc.2 
8.0 
pF 


Clj 
Osc.3 
8.0 
pF 


Clj 
Osc.4 
8.0 
pF 


C2j 
Output Capacitance 
Osc.l 
23 
pF 


C2j 
Osc.2 
8.0 
pF 


C2j 
Osc.3 
8.0 
pF 
C2j 
Osc.4 
8.0 
pF 


R2 
Output Capacitance 
Osc.l 
3800 
kO 
R2 
Osc.2 
65 
kO 
R2 
Osc.3 
18 
kO 
R2 
Osc.4 
5.0 
kO 


1.7.2 
RC Oscillator (see Figure 16) 
The externally adjustable RC-oscillator has a frequency range from 100 kHz to 500 kHz. 


AC<l>s) 


Figure 16. Frequency 
as a Function 
of RC 


1.8 
Reset Circuitry 
To initialize the aOCl51, a reset is performed 
by either of two methods: 
-via the RST pin 
-via a power-an-reset 


It leaves the internal registers as follows: 


REGISTER 
ACC 
B 
DPl 
DPH 
lENa 
IEN1 
IPO 
IP1 
IX1 
IRQ1 
PCH 
PCl 
PCON 
PSW 
PO-P3 
SOBUF 
SOCPN 
SP 
TCON 
THO, TH1 
TlO, TH1 
TlO, TL1 
TMOD 


CONTENT 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
XXOO0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
OXXXOOOO 
0000 0000 
11111111 


XXXXXXXX 
0000 0000 
0000 0111 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 


The reset state of the port pins is mask- 
programmable and can therefore be defined 
by the user. 


The standard reset value for port PO-P3 is 
11111111. 


The reset input to the aOGl51 is RST pin 9. A 
Schmitt trigger qualifies the input for noise 
rejection. The output of the Schmitt trigger is 


sampled by the reset circuitry every machine 
cycle. 


A reset is accomplished by holding the RST 
pin HIGH for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. The CPU responds by generating an 
internal reset. Port pins adopt their reset state 
immediately after RST goes HIGH. During 
reset ALE and PSEN are held HIGH. 


The external reset is asynchronous to the 
internal clock. The RST pin is sampled during 
State 5, Phase 2 of every machine cycle. 
After a HIGH is detected at the RST pin, an 
internal reset is repeated every cycle until 
RST goes lOW. 


The internal RAM is not affected by reset. 
When VDD is turned on the RAM contents 
are indeterminate. 


1.8.1 
Power-on 
reset 


The BOCl51 contains on-chip circuitry which 
switch the port pins to the customer defined 
logic level as soon as VDD exceeds 
1.3V. As soon as the minimum supply voltage 
is reached, the oscillator will start up. 
However, to ensure that the oscillator is 
stable before the controller starts, the clock 
signals are gated away from the GPU for a 
further 1536 oscillator periods. During that 
time the CPU is held in a reset state. 


A hysteresis of approximately 50 mV at a 
typical power-on switching level of 1.3 V will 
ensure correct operation. 


The on-chip Power-on circuitry can be 
switched off via the mask option "OFF". This 
option reduces the power-down current to 
typically BOO~Aand can be chosen if external 
reset circuitry is used. For applications not 
requiring the internal reset option, "OFF" 
should be chosen. 


ff 


An automatic reset can be obtained at 
power-on by connecting the RST pin to VDD 
via a 1O~Fcapacitor. At power-on, the 
voltage on the RST pin is equal to VDD minus 
the capacitor voltage, and decreases from 
VDD as the capacitor discharges through the 
internal resistor RRST to ground. The larger 
the capacitor, the more slowly VRST 
decreases VRST must remain above the 
lower threshold of the Schmitt trigger long 
enough to effect a complete reset. The time 
required is the oscillator start-up time, plus 2 
machine cycles. 


1.9 
P80CL31: ROMless version 
of P80CL51 


The PBOCl31 is a low voltage ROMless 
version of the PBOCl51 microcontroller. The 
mask options on the PBOCl31 are fixed as 
follows: 


• 
Port options: all ports have option "1S", 
i.e., standard port, high after reset 


• 
Oscillator option: OSG3 


• 
Power-on Reset option: OFF 


1.10 
P80C51: 5V standard 
version 
The PBOC51is a 5V version of the low 
voltage PBOCl51 microcontroller. All 
functional features of the PBOCl51 are 
maintained in the paOG51 with the exception 
of the mask options. The mask options on the 
PBOC51are as follows: 


• 
Port options: all ports have option "1So, 
i.e., standard port, high after reset. 


• 
Oscillator options: OSC3 


• 
Power-on Reset option: OFF 


2.0 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 


VOO 
Supply voltage (pin 40) 
-0.5 
+ 6.5 
V 


VI 
All input voltages 
-0.5 
VOO+0.5 
V 


11.10 
DC current into any input or output 
5 
mA 


PTOT 
Total power dissipation 
300 
mW 


TSTG 
Storage temperature range 
-65 
+150 
°C 


TAMB 
Operating ambient temperature range 
-40 
+85 
°C 


TJ 
Operating junction temperature 
125 
°C 


3.0 
DC CHARACTERISTICS 
P80CL31/P80CL51 
vss = OV·TAMB = -40 to +85°C; all voltages with respect to Vss unless otherwise specified. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Voo 
Supply voltage 
Vss= 
OV 
1.8 
6.0 
V 


Voo 
RAM retention in power down mode 
1.0 
- 
- 
V 


Supply current 
operating 
(Note 1, Note 4) 


100 
OSC 1 option 
fclk = 32 KHz; Voo = 1.8V 
50 
!LA 


TAMB - 25°C 


100 
OSC 2 option 
felk = 3.58 MHz; Voo = 3V 
2.5 
mA 


100 
OSC 3 option 
felk = 16 MHz; Voo = 5V 
24 
mA 


100 
OSC 4 option 
felk = 16 MHz; Voo = 5V 
26 
mA 


Idle Mode (Note 2, Note 4) 


100 
OSC 1 option 
felk = 32 KHz; Voo = 1.8V 
25 
!LA 


TAMB = 25°C 


100 
OSC 2 option 
felk = 3.58 MHz; Voo = 3V 
1.0 
mA 


100 
OSC 3 option 
felk = 16 MHz; Voo = 5V 
10 
mA 


100 
OSC 4 option 
felk = 16 MHz; Voo = 5V 
12 
mA 


Ipo 
Power down (Note 3. Note 4) 
Voo = 1.8V. 
10 
!LA 


TAMB= 25°C 


Inputs 


VIL 
Input voltage LOW 
Vss 
0.3Voo 
V 


VIH 
Input voltage HIGH 
0.7Voo 
Voo 
V 


Voo = 5V. VIN = 0.4V 
100 
!LA 


IlL 
Input current logic 0 (Port 1. 2. 3) 
50 
~A 
Voo = 2.5V. VIN = OAV 


Input current logic 1 to 0 transition 
Voo = 5V. VIN = Voo/2 
1.0 
mA 
ITL 
(Port 1. 2. 3) 
500 
~A 
Voo = 2.5V. VIN = Voo/2 


+/IIL 
Input leakage current (Port O. EA) 
VSS<VI 
< Voo 
10 
!LA 


Outputs 


Voo = 5V. VOL = OAV 
1.6 
mA 


IOL 
Output sink current LOW 
Voo = 2.5V. VOL = OAV 
0.7 
mA 


Output source current HIGH 
Voo = 5V; VOH = Voo -OAV 
1.6 
mA 


-IOH 
(push-pull options only) 
Voo = 2.5V; VOH = Voo -0.4V 
0.7 
mA 


RRST 
RST pull-down resistor 
10 
- 
200 
kn 


NOTES: 
1. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with tr = tf = 10ns; VIL = VSS; VIH = Voo; XTAL 2 


not connected; EA = RST = Port 0 = Voo; all open drain outputs connected to Vss. 


2. The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with tr = tf = 10ns; VIL = Vss. XTAL 2 not 
connected; EA = Port 0 = Voo; RST = Vss; all open drain outputs connected to Vss. 


3. The power-down current is measured with all output pins disconnected; XTAL 1 not connected; EA = Port 0 = Voo; RST = Vss; all open 


drain outputs connected to Vss. 


4. 
Circuits with Power-on Reset option "OFF" are tested at Voo minimum = 1.8V; with option "ON" (typically 1.3V) they are tested at Voo 
minimum = 2.3V. Please note. option "ON" is only available on P80CL51. 


4.0 
DC CHARACTERISTICS 
P80C51 


vss = OV;voo = 5V ± 10%; fclk= 3.5 to 16MHz; TAMS = -40 to +85°C; all voltages with respect to Vss unless otherwise specified. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


VDD 
Supply voltage 
Vss = OV 
4.5 
5.5 
V 


Supply Current 


100 
Operating (Note 1) 
fCLK= 16MHz, VDO= 5V 
- 
- 
24 
mA 


100 
Idle mode (Note 2) 
fCLK= 16MHz, VDO= 5V 
- 
- 
10 
mA 


Ipo 
Power down (Note 3) 
Voo = 5V 
- 
- 
50 
~A 


Inputs 


V1L 
Input voltage LOW 
Vss 
- 
0.3Voo 
V 


VIH 
Input voltage HIGH 
0.7VDO 
- 
Voo 
V 


IlL 
Input current logic 0 (Port 1. 2. 3) 
VIN = OAV 
- 
- 
100 
~A 


IlL 
Input current logic 1 to 0 transition (Port 1. 2, 3) 
VIN = Voo/2 
- 
- 
1.0 
mA 


IlL 
Input leakage current (Port 0, EA) 
VSS<VI<VOO 
- 
- 
10 
~A 


Outputs 


IOL 
Output sink current LOW 
VOL = OAV 
1.6 
- 
- 
mA 


IOH 
Output source current HIGH 
VOH=Voo-OAV 
1.6 
- 
- 
mA 
(push-pull options only) 


RAST 
RST pull-down resistor 
10 
- 
200 
kfl 


NOTES: 
1. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with tA = tF = 10ns; 


VIL = Vss; VIH = Voo; XTAL 2 not connected; EA = RST = Port 0 = Voo; all open drain outputs connected to Vss. 


2. The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with tA = tF = 10ns; 


VIL = Vss. XTAL 2 not connected; EA = Port 0 = Voo; RST = Vss; all open drain outputs connected to Vss. 


3. The power-down current is measured with all output pins disconnected; XTAL 1 not connected; 


EA = Port 0 = Voo; RST = Vss; all open drain outputs connected to Vss. 


4. 
Please note. option "ON" is only available on P80CL51. 


5.0 
AC CHARACTERISTICS 
VDD = 5 V; vss = OV;Tamb = -40 to +85°C; CL = 50 pF for Port 0, ALE and PSEN; CL = 40pF for all other outputs. unless otherwise specified. 


VARIABLE CLOCK 
SYMBOL 
PARAMETER 


MIN. 
TYP. 
MAX. 
UNIT 


tLL 
ALE pulse duration 
2TCK-40 
ns 


tAL 
Address set-up time to ALE 
TCK-40 
ns 


tLA 
Address hold time to ALE 
TCK-35 
ns 


tLC 
Time from ALE to controi pulse PSEN 
TCK-25 
ns 


tuv 
Time from ALE to valid instruction input 
4TCK-100 
ns 


tcc 
Control pulse duration PSEN 
3TCK-35 
ns 


tCIV 
Time from PSEN to valid instruction input 
3TCK-125 
ns 


tCI 
Input instruction hold time after PSEN 
0 
ns 


tCIF 
Input instruction float delay after PSEN 
TCK-20 
ns 


tAIV 
Address to valid instruction input 
5TCK-115 
ns 


tAFC 
Address float time to PSEN 
0 
ns 


VARIABLE CLOCK 
SYMBOL 
PARAMETER 
MIN. 
TYP. 
MAX. 
UNIT 


tRR 
RD pulse duration 
6TCK-100 
ns 


tww 
WR pulse duration 
6TCK-100 
ns 


tLA 
Address hold time after ALE 
TCK-35 
ns 


tRD 
RD to valid data input 
TCK-35 
5TCK-165 
ns 


tDFR 
Data float delay after RD 
2TCK-70 
ns 


tLD 
Time from ALE to valid data input 
8TCK-150 
ns 


tAD 
Address to valid data input 
9TCK-165 
ns 


tLW 
Time from ALE to RD and WR 
3TCK-50 
3TCK+50 
ns 


tAW 
Time from address to RD and WR 
4TCK-130 
ns 


tWHLH 
Time from RD or WR HIGH to ALE HIGH 
TCK-40 
TCK-40 
ns 


tDWX 
Data valid to WR transition 
TCK-60 
ns 


tDW 
Data set-up time before WR 
TCK-150 
ns 


tWD 
Data hold time after WR 
TCK-50 
ns 


tWAFR 
Address float delay after RD (Note 1) 
12 
ns 


NOTE: 
1. Interfacing the 80CL51 or P80C51 to devices with float times up to 75ns is permitted. This limited bus connection will not cause damage to 
Port 0 drivers. 
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Figure 26. P80CL51131 Frequency 
Operating 
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Figure 28. P80CL51131 Typical Idle Current vs 


Frequency 
and Voo. Tamb = 25°C. 
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Figure 27. P80CL51131 Typical Operating 
Current vs 


Frequency 
and Voo. Tamb = 25°C. 
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Figure 29. P80CL51131 Typical Power-Down 
Current 


vs Frequency 
and Voo. Tamb = 25°C. 


DESCRIPTION 
The a7L51 FA and a3L51 FA (hereafter 
generically referred to as aXL51 FA) 
Single-Chip 3.0V 8-Bit Microcontrollers are 
manufactured in an advanced CMOS 
process and are a derivatives of the aOC51 
microcontrollerfamily. 
The 8XL51FA has the 


same instruction set as the 80C51. 


This device provides architectural 
enhancements that make it applicable in a 
variety of applications for general control 
systems. The aXL51 FA contains ak x a 
memory, a volatile 256 x 8 read/write data 
memory, four 8-bit I/O ports, three 16-bit 
timer/event counters, a Programmable 
Counter Array (PCA), a multi-source, 
two-priority-Ievel, nested interrupt structure, 
an enhanced UART and on-chip oscillator 
and timing circuits. For systems that require 
extra capability, the aXL51 FA can be 
expanded using standard 3.3V TIL 
compatible memories and logic. 


Its added features make it an even more 
powerlul microcontroller for applications that 
require pulse width modulation, high-speed 
I/O and up/down counting capabilities such 
as motor control. 
It also has a more versatile 
serial channel that facilitates multiprocessor 
communications. 


FEATURES 


• aOC51 central processing unit 


• 3.0 to 4.5V Vcc range 


• ak x a EPROM (a7L51 FA) 
ak x a ROM (a3L51 FA) 
- 
expandable externally to 64k by1es 


- 
Quick Puise programming algorithm 
- 
Two level program security system 


• 256 x 8 RAM, expandable externally to 
64k by1es 


• Three 16-bit timer/counters 


- T2 is an up/down counter 


• Programmable Counter Array (PCA) 


- 
High speed output 


- 
Capture/compare 


- 
Pulse Width Modulator 
- 
Watchdog Timer 


• Four 8-bit I/O ports 


• Full-duplex enhanced UART 
- 
Framing error detection 
- 
Automatic address recognition 


• Power control modes 


- 
Idle mode 


- 
Power-down mode 


• Once (On Circuit Emulation) Mode 


• Five package styles 


• OTP package available 


ROM 
EPROM 
TEMPERATURE RANGE 'C AND PACKAGE' 
FREQ. 
DRAWING 
(MHz) 
NUMBER 


S83L51 FA--4N40 
Sa7L51 FA--4N40 
OTP 
o to +70, 40-Pin Plastic Dual In-line Package 
3.5 to 16 
0415C 


Sa7L51 FA--4F40 
UV 
o to +70, 40-Pin Ceramic Dual In-line Package wlWindow 
3.5 to 16 
0590B 


S83L51FA--4A44 
Sa7L51FA--4A44 
OTP 
o to +70, 44-Pin Plastic Leaded Chip Carrier 
3.5 to 16 
0403G 


Sa7L51 FA--4K44 
UV 
o to +70, 44-Pin Ceramic Leaded Chip Carrier wlWindow 
3.5 to 16 
1472A 


S83L51 FA--4B44 
S87L51 FA--4B44 
OTP 
o to +70, 44-Pin Plastic Quad Flat Pack 
3.5 to 16 
1118D 


S83L51 FA-5N40 
S87L51 FA-5N40 
OTP 
--40 to +a5, 40-Pin Plastic Dual In-line Package 
3.5 to 16 
0415C 


Sa7L51 FA-5F40 
UV 
--40 to +85, 40-Pin Ceramic Dual In-line Package wlWindow 
3.5 to 16 
0590B 


Sa3L51FA-5A44 
S87L51FA-5A44 
OTP 
--40 to +a5, 44-Pin Plastic Leaded Chip Carrier 
3.5 to 16 
0403G 


S87L51 FA-5K44 
UV 
--40 to +85, 44-Pin Ceramic Leaded Chip Carrier wlWindow 
3.5 to 16 
1472A 


S83L51 FA-5B44 
Sa7L51 FA-5B44 
OTP 
--40 to +85, 44-Pin Plastic Quad Flat Pack 
3.5 to 16 
1118D 


S83L51 FA-7N40 
S87L51 FA-7N40 
OTP 
o to +70, 40-Pin Plastic Dual In-line Package 
3.5 to 20 
0415C 


Sa7L51 FA-7F40 
UV 
o to +70, 40-Pin Ceramic Dual In-line Package wlWindow 
3.5 to 20 
0590B 


S83L51 FA-7A44 
S87L51 FA-7A44 
OTP 
o to +70, 44-Pin Plastic Leaded Chip Carrier 
3.5 to 20 
0403G 


S87L51 FA-7K44 
UV 
o to +70, 44-Pin Ceramic Leaded Chip Carrier wlWindow 
3.5 to 20 
1472A 


S83L51 FA-8N40 
S87L51 FA-8N40 
OTP 
--40 to +a5, 40-Pin Plastic Dual In-line Package 
3.5 to 20 
0415C 


Sa7L51 FA-aF40 
UV 
--40 to +85, 40-Pin Ceramic Dual In-line Package wlWindow 
3.5 to 20 
0590B 


S83L51 FA-aA44 
Sa7L51FA-aA44 
OTP 
--40 to +a5, 44-Pin Plastic Leaded Chip Carrier 
3.5 to 20 
0403G 


S87L51 FA-8K44 
UV 
--40 to +85, 44-Pin Ceramic Leaded Chip Carrier wlWindow 
3.5 to 20 
1472A 


NOTE: 
1. OTP = One Time Programmable EPROM. 
UV = Erasable EPROM. 
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PIN NUMBER 


" 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


VSS 
20 
22 
16 
I 
Grou(ld: 
OV reference. 


Vcc 
40 
44 
38 
I 
Power Supply: This is the power supply voltage for normal, idle, and power-down 
operation. 


PO.O-O.7 
39-32 
43-36 
37-30 
I/O 
Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1s written to 
them float and can be used as high-impedance inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to external program and data memory. In 
this application, it uses strong internal pUll-ups when emitting 1s. Port 0 also outputs the 
code bytes during program verification and receives code bytes during EPROM 
programming. External pUll-ups are required during program verification. 


P1.o-P1.7 
1-8 
2-9 
40-44, 
I/O 
Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pUll-ups, except P1.6 and P1.7 
1-3 
which are open drain. Port 1 pins that have 1s written to them are pUlled high by the internal 
pull-ups and can be used as inputs. As inputs. port 1 pins that are externally pUlled low will 
source current because of the internal pUll-ups. (See DC Electrical Characteristics: I,Ll. 
Port 1 also receives the low-order address byte during program memory verification. 
Alternate functions include: 


1 
2 
40 
I 
T2 (P1.0): Timer/Counter 2 external count inpuUClockout 


2 
3 
41 
I 
T2EX (P1.1): Timer/Counter 2 Reload/Capture/Direction 
Control 


3 
4 
42 
I 
ECI (P1.2): External Clock Input to the PCA 


4 
5 
43 
I/O 
CEXO (P1.3): Capture/Compare External I/O for PCA module a 


5 
6 
44 
I/O 
CEX1 (P1.4): Capture/Compare External I/O for PCA module 1 


6 
7 
1 
I/O 
CEX2 (P1.5): Capture/Compare External I/O for PCA module 2 
7 
8 
2 
I/O 
CEX3 (P1.6): Capture/Compare External I/O for PCA module 3 


8 
9 
3 
I/O 
CEX4 (P1.7): Capture/Compare External I/O for PCA module 4 


PIN NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


P2.o-P2.7 
21-28 
24-31 
18-25 
I/O 
Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have 1s 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are extemally being pulled iow will source current because of the internal 
pull-ups. {See DC Electrical Characteristics: IILl. Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to external data memory 
that use 16-bit addresses (MOVX @DPTR). In this application, it uses strong internal 
pull-ups when emitting 1s. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. Some 
Port 2 pins receive the high order address bits during EPROM programming and 
verification. 


P3.o-P3.7 
10-17 
11, 
5, 
I/O 
Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1s 
13-19 
7-13 
written to them are pulled high by the intemal pull-ups and can be used as inputs. As inputs, 
port 3 pins that are externally being pulled low will source current because of the pull-ups. 
{See DC Electrical Characteristics: IILl. Port 3 also serves the special features of the 80C51 
family, as listed below: 
10 
11 
5 
I 
RxD (P3.0): Seriai input port 
11 
13 
7 
0 
TxD (P3.1): Serial output port 
12 
14 
8 
I 
JNTlj (P3.2): External interrupt 
13 
15 
9 
I 
mTl 
(P3.3): External interrupt 
14 
16 
10 
I 
TO (P3.4): Timer 0 external input 
15 
17 
11 
I 
T1 (P3.5): Timer 1 external input 
16 
18 
12 
0 
WR' (P3.6): External data memory write strobe 


17 
19 
13 
0 
RO (P3.7): External data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Vcc. 


ALEfl5liOO 
30 
33 
27 
I/O 
Address 
Latch Enable/Program 
Pulse: Output pulse for latching the low byte of the 


address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is skipped during each access to external data memory. This pin is 
also the program pulse input (!"ROO) during EPROM programming. 


PSEf"J 
29 
32 
26 
0 
Program Store Enable: The read strobe to external ppo~Nm memory. When the 8XL51FA 
is executing code from the external program memory, 
is activated twice each 


machine cycle, except that two PSEf"J 
activations are skipped during each access to 


external data memory. PSEf"J 
is not activated during fetches from internal program memory. 


t=ANpp 
31 
35 
29 
I 
External Access Enable/Programming 
Supply Voltage: EA must be externally held low 
to enable the device to fetch code from external program memory locations OOOOHand 
1FFFH. If EA is held high, the device executes from internal program memory unless the 
program counter contains an address greater than 1FFFH. This pin also receives the 
12.75V programming supply voltage (Vpp) during EPROM programming. If security bit 1 is 
programmed, EA will be internally latched on Reset. 


XTAL1 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


NOTE: 
To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher than Vcc + 0.5V or Vss - 0.5V, respectively. 


TIMER 2 
This is a 16-bit up or down counter, which 
can be operated as either a timer or event 
counter. It can be operated in one of three 
different modes (autoreload, capture or as 
the baud rate generator for the UART). 


In the autoreload mode the Timer can be set 
to count up or down by setting or clearing the 
bit DCEN in the T2CON Special Function 
Register. The SFR's RCAP2H and RCAP2L 
are used to reload the Timer upon overflow or 
a 1-10-0transition on the T2EX input (P1.1). 


In the Capture mode Timer 2 can either set 
TF2 and generate an interrupt or capture its 
value. To capture Timer 2 in response to a 
1-to-0 transition on the T2EX input, the 
EXEN2 bit in the T2CON must be set. Timer 
2 is then captured in SFR's RCAP2H and 
RCAP2L. 


As the baud rate generator, Timer 2 is 
selected by setting TCLK and/or RCLK in 
T2CON. As the baud rate generator Timer 2 
is incremented at 1/2the oscillator frequency. 


ENHANCED 
UART 
The 8XL51 FA UART has all of the 
capabilities of the standard 80C51 UART plus 
Framing Error Detection and Automatic 
Address Recognition. As in the 80C51 , all 
four modes of operation are supported as 
well as the 9th bit in modes 2 and 3 that can 
be used to facilitate multiprocessor 
communication. 


The Framing Error Detection allows the 
UART to look for missing stop bits. If a Stop 


bit is missing, the FE bit in the SCON SFR is 
set. The FE bit can be checked after each 
transmission to detect communication errors. 
The FE bit can only be cleared by software 
and is not affected by a valid stop bit. 


Automatic Address Recognition is used to 
reduce the CPU service time for the serial 
port. The CPU only needs to service the 
UART when it is addressed and, with this 
done by the on-chip circuitry, the need for 
software overhead is greatly reduced. This 
mode works similar to the 9-bit 
communication mode, except that it uses 
only B bits and the Stop bit is used to cause 
the RI bit to be set. There are two SFRs 
associated with this mode. They are SADDR, 
which holds the slave address and SADEN, 
which contains a mask that allows selective 
masking of the slave address so that 
broadcast addresses can be used. 


PROGRAMMABLE 
COUNTER 
ARRAY 
The PCA is a sophisticated free-running 
16 bit TImer/Counter that drives 5 modules 
that can be individually configured as Capture 
inputs, software timers, high speed outputs, 
or pulse width modulated outputs. In addition, 
module 4 can be configured as a software 
controlled watchdog timer. 


The TImer portion of the PCA can be 
configured to run in one of four different 
modes. The modes are: 1/2the oscillator 
frequency, 1/4 the oscillator frequency, 
TImer 0 overflows, or from the ECI input. 


For the Capture/Compare 
mode each of the 
modules has a pair of registers associated 
with it called CCAPnH and CCAPnL (where 
n = 0, 1,2,3,4 
depending on the module). 
Both positive and negative transitions can be 
captured. This means that the PCA has the 
flexibility to measure phase differences, duty 
cycles, pulse widths and a wide variety of 
other digital pulse characteristics. 


In the 16-bit software timer mode each of the 
modules can generate an interrupt upon a 
compare. 


For applications that require accurate pulse 
widths and edges the PCA modules can be 
used as High Speed Outputs (HSO). The 
PCA toggles the appropriate CEXn pin when 
there is a match between the PCA timer and 
the modules compare registers. 


The pulse width modulator mode for the PCA 
allows the conversion of digital information 
into analog signals. Each of the 5 modules 
can be used in this mode. The frequency of 
the PWM depends on the clock source for 
the PCA. The B-bit PWM output is generated 


by comparing the low byte of the PCA (CL) 
with the module's CCAPnL SFR. When 
CL < CCAPnL, the output is high. When 
CL> CCAPnL, the output is low. 


POWER OFF FLAG 
The Power Off Flag (POF) is set by on-chip 
circuitry when the Vcc level on the BXL51FA 
rises from 0 to 3.3V. The POF bit can be set 
or cleared by software allowing a user to 
determine if the reset is the result of a 
power-on or a warm start after powerdown. 
The Vcc level must remain above 2.0V for 
the POF to remain unaffected by the Vcc 
level. 


OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator. 


To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the 
external clock signal, because the input to 
the internal clock circuitry is through a 
divide-by-two flip-flop. However, minimum 
and maximum high and low times specified in 
the data sheet must be observed. 


Reset 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on Vcc and RST must 
come up at the same time for a proper 
start-up. 


Idle Mode 
In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


Power-Down 
Mode 
To save even more power, a Power Down 
mode can be invoked by software. In this 
mode, the oscillator is stopped and the 
instruction that invoked Power Down is the 
last instruction executed. The on-chip RAM 
and Special Function Registers retain their 
values until the Power Down mode is 
terminated. 


On the BXL51FA either a hardware reset or 
external interrupt can use an exit from Power 
Down. Reset redefines all the SFRs but does 
not change the on-chip RAM. An external 
interrupt allows both the SFRs and the 
on-chip RAM to retain their values. 


To properly terminate Power Down the reset 
or external interrupt should not be executed 
before Vcc is restored to its normal operating 
level and must be held active long enough for 
the oscillator to restart and stabilize (normally 
less than 10ms). 


With an external interrupt, INTOand INT1 
must be enabled and configured as 
level-sensitive. Holding the pin low restarts 
the oscillator but bringing the pin back high 
completes the exit. Once the interrupt is 
serviced, the next instruction to be executed 
after RETI will be the one following the 
instruction that put the device into Power 
Down. 


Design Consideration 
• When the idle mode is terminated by a 


hardware reset, the device normally 
resumes program execution, from where it 
left off, up to two machine cycles before the 
internal rest algorithm takes control. 
On-chip hardware inhibits access to 
internal RAM in this event, but access to 
the port pins is not inhibited. To eliminate 
the possibility of an unexpected write when 
Idle is terminated by reset, the instruction 
following the one that invokes Idle should 
not be one that writes to a port pin or to 
external memory. 


ONCETM Mode 
The ONCE ("On-Circuit Emulation") Mode 
facilitates testing and debugging of systems 
using the BXL51FA without the 8XL51 FA 
having to be removed from the circuit. The 
ONCE Mode is invoked by: 
1. Pull ALE low while the device is in reset 


and I'Sm is high; 


2. 
Hold ALE low as RST is deactivated. 


While the device is in ONCE Mode, the Port 
o pins go into a float state, and the other port 
pins and ALE and I'Sm are weakly pulled 
high. The oscillator circuit remains active. 
While the 8XL51 FA is in this mode, an 
emulator or test CPU can be used to drive 
the circuit. Normal operation is restored when 
a normal reset is applied. 


PROGRAM 


MODE 
MEMORY 
ALE 
J5Sl:R 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


PARAMETER 
RATING 
UNIT 


Operating temperature under bias 
o to +70 or -40 to +85 
·C 


Storage temperature range 
-65 to +150 
·C 


Voltage on ~pp 
pin to Vss 
I. 
o to +13.0 
V 


Voltage on any other pin to Vss 
-{).5 to +6.5 
V 


Maximum IOLper 1/0 pin 
15 
mA 


Power dissipation (based on package heat transfer limitations, not 
1.5 
W 
device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 


2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


Electrical 
Deviations 
from Commercial 
Specifications 
for Extended Temperature 
Range 


DC and AC parameters not inciuded here are the same as in the commercial temperature range table. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°Cto +70°C -40 to +85°C, Vee = 3.0V to 4.5V, Vss = OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
Typl 
MAX 
UNIT 


VIL 
Input low voltage, except E7(2,3 
.' 
-{).5 
0.8 
V 


VIL1 
Input low voltage to E7(2,3 
0 
0.8 
V 


VIH 
Input high voltage, except XTAL1, RsT2,4 
2.0 
Vee+0.5 
V 


VIHl 
Input high voltage, XTAL1, RST2,4 
0.7Vee 
Vec+0.5 
V 


VOL 
Output low voltage, ports 1,2,35 
IOL= 1.6mA6 
0.45 
V 


VOL1 
Output low voltage, port 0, ALE, ~5 
IOL= 3.2mA6 
0.45 
V 


VOH 
Output high voltage, ports 1, 2, 3, ALE, !'SEW 
IOH=-20~A 
VCC- 0.5 
V 


VOHl 
OutPu~oltage 
(port 0 in external bus mode), 
IOH=-3.2mA 
VCC- 0.7 
V 


ALEs, 


IlL 
Logical 0 input current, ports 1, 2, 32 
VIN = 0.45V 
-50 
~A 


ITL 
Logical l-to-O transition current, ports 1, 2, 32 
See note 9 
-650 
~A 


III 
Input leakage current, port 0 
0.45 VIN < Vec - 0.3 
±5 
~ 


Icc 
Power supply current:2 
See note 11 
Active mode @ 20MHzl0 
9 
22 
mA 


Idle mode @ 20MHz 
2 
6 
mA 


Power-down mode 
10 
75 
itA 


RRST 
Internal reset pull-down resistor 
40 
225 
kQ 


CIO 
Pin capacitance12 (except EA) 
15 
pF 


NOTES: 
1. Typical ratings are not guaranteed. The values listed are at room temperature, 3.3V. 
2. These values apply only to Tamb= O°Cto +70°C. 
3. 
For Vcc voltages above 3.6V and less than 5.5V, VIL = 0.3Vcc - 0.1 


4. 
For Vcc voltages above 3.6V and less than 5.5V, VIH = 0.3Vce + .92 


5. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 


Maximum IOLper port pin: 
15mA ('NOTE: This is 85°C specification.) 
Maximum IOLper 8-bit port: 
26mA 


Maximum totallOL for all outputs: 
71mA 


If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 


6. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VoLs of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-10-0transitions during bus operations. In the 
worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 


ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 
7. 
Capacitive loading on ports 0 and 2 may cause the VOH on ALE and ~ 
to momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 
8. ALE is tested to VOH1,except when ALE is off then VOH is the voltage specification. 
9. 
Pins of ports 1, 2 and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 1.5V. 
10. lecMAX at other frequencies is given by: Active mode: ICCMAX= 0.8 x FREQ + 6: Idie mode: ICCMAX= 0.19 x FREQ +2.50, 


where FREQ is the external oscillator frequency in MHz. ICCMAXis given in mA. See Figure 8. 
11. See Figures 9 through 12 for Ice test conditions. 
12. Pin capacitance is less than 25pF. Pin capacitance of ceramic package is less than 15pF (except EA it is 25pF). These values are 


guaranteed by design and are not tested. 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb = O°Cto +70°C, -40 to +85°C, VCC= 3.0V to 4.5V, V55 = OV', 2,3 


16MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1/tCLCL 
1 
Oscillator frequency 
-4,-5 
3.5 
16 
MHz 


-7,-8 
3.5 
20 
MHz 


tLHLL 
1 
ALE pulse width 
85 
2tCLCL-40 
ns 


tAvLL 
1 
Address valid to ALE low 
22 
tCLCL-40 
ns 


tLLAX 
1 
Address hold after ALE low 
32 
lcLCL-30 
ns 


tLLlV 
1 
ALE low to valid instruction in 
150 
4lcLCL-100 
ns 


tLLPL 
1 
ALE low to I'SEfJ low 
32 
lcLCL-30 
ns 


tPLPH 
1 
I'SEfJ pulse width 
142 
3tCLCL-45 
ns 


tPLIV 
1 
I'SEfJ low to valid instruction in 
82 
3lcLCL-105 
ns 


tpXIX 
1 
Input instruction hold after I'SEfJ 
0 
0 
ns 


tPXIZ 
1 
Input instruction float after I'SEfJ 
37 
lcLCL-25 
ns 


tAVIV 
1 
Address to valid instruction in 
207 
5lcLCL-105 
ns 


tpLAZ 
1 
I'SEfJ low to address float 
10 
10 
ns 


Data Memory 


tRLRH 
2,3 
FID pulse width 
275 
6lcLCL-100 
ns 


tWLWH 
2,3 
WR: pulse width 
275 
6lcLCL-100 
ns 


tRLDV 
2,3 
FID low to valid data in 
147 
5tCLCL-165 
ns 


tRHDX 
2,3 
Data hold after FID 
0 
0 
ns 


tRHDZ 
2,3 
Data float after FID 
65 
2tCLCL-{)0 
ns 


tLLDV 
2,3 
ALE low to valid data in 
350 
8lcLCL-150 
ns 


tAvDV 
2,3 
Address to valid data in 
397 
9lcLCL-165 
ns 


tLLWL 
2,3 
ALE low to FID or WR: low 
137 
237 
3lcLCL-50 
3lcLCL+50 
ns 


tAvwL 
2,3 
Address valid to WR: low or FID low 
175 
4tCLCL-75 
ns 


tQVWX 
2,3 
Data valid to WR: transition 
42 
lcLCL-20 
ns 


tWHQX 
2,3 
Data hold after WR: 
42 
tCLCL-20 
ns 


tQVWH 
3 
Data valid to WR: high 
287 
7tCLCL-150 
ns 


tRLAZ 
2,3 
FID low to address float 
0 
0 
ns 


tWHLH 
2,3 
FID or WR: high to ALE high 
40 
87 
lcLCL-20 
lcLCL+25 
ns 


External Clock 


tCHCX 
5 
High time 
12 
20 
ns 


tCLCX 
5 
Low time 
12 
20 
ns 


tCLCH 
5 
Rise time 
20 
20 
ns 


tCHCL 
5 
Fall time 
20 
20 
ns 


Shift Register 


tXLXL 
4 
Serial port clock cycle time 
1 
12lcLCL 
liS 


tQVXH 
4 
Output data setup to clock rising edge 
492 
10lcLCL-133 
ns 


tXHQX 
4 
Output data hold after clock rising edge 
8 
2lcLCL-117 
ns 


tXHDX 
4 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
4 
Clock rising edge to input data valid 
492 
1OlCLCL-133 
ns 
NOTES: 
1. 
Parameters 
are valid over operating 
temperature 
range 
unless 
otherwise 
specified. 


2. 
Load capacitance for port 0, ALE, and]5Stf\l = 100pF, load capacitance for all other outputs = 80pF. 


3. 
Interfacing the 8XL51 FA to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port 0 
drivers. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has tive characters. The 
P - f'SEl\I 


first character is always 't' (= time). The other 
Q - Output data 


characters, depending on their positions, 
R - liD signal 


indicate the name of a signal or the logical 
t - Time 
status of that signal. The designations are: 
V - Valid 


A - Address 
W- 
WR"signal 


C - Clock 
X - No longer a valid logic level 
D - Input data 
Z - 
Float 
H - Logic level high 
Examples: IAVLL= Time for address valid to 


I - Instruction (program memory contents) 
ALE low. 
L - Logic level low, or ALE 
tLLPL= Time for ALE low to 


f'SEl\Ilow. 


r- IXLXL-1 


I 
...• 
1 r- IXHQX I 
taVXH ~I 


INPUT 
DATA 
'---t' 


CLEAA 
AI 


VC~·5 
-- 


O.45V 


VC~3=X 
>C 


o3VCC+<l 
92 


o 3V 
._O_3_V~C~~~_' 
~ 


TIMING 


REFERENCE 


POINTS 


NOTE, 


AC inpuls 
during 
testing 
are driven 
at VCC 
-0.3 
for a logic '1' and O.3V for a logic '0'. 


Timing 
measurements 
are made al VIH min for a logic '1' and VIL for a logic '0'. 


NOTE: 
For liming 
purposes, 
a port is no longer 
floating 
when 
a 100mV 
change 
from load 


voltage 
occurs, 
and begins 
to float when 
a 100mV 
change 
from the loaded 
VOW 


VOL 
level occurs. 
I0Hl10L.2: 
± 2QmA. 


Nole: 
3.3V operation 
will reduce 


tce vs. XTAL frequency. 
This curve 
will change 
as characterization 
data 
becomes 
available. 


MAX IDLE MODE 
IODIDLE 
== 0.19 
X FAEQ. + 2.5 


TYP IDLE MODE 


Figure 9. 
Icc Test Condition, Active Mode 
All other pins are disconnected 
Figure 10. 
Icc Test Condition, 
Idle Mode 
All other pins are disconnected 


VCC-<J·5- - - - 
O.7VCC 


O.45V 
O.2VCc-<J.' 


ICHCL- 


Figure 11. Clock Signal Waveform for Icc Tests in Active and Idle Modes 
tCLCH= tCHCL= 5ns 


Figure 12. 
Icc Test Condition, 
Power Down Mode 
All other pins are disconnected. 
Vcc = 2V to 4.5V 


EPROM CHARACTERISTICS 
The 87151 FA is programmed by using a 
modified Quick-Pulse Programming'· 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
AlEIF"ROO pulses. 


The 87151 FA contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87151 FA manufactured by Philips. 


Table 2 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the security bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 13 and 14. Figure 15 shows 
the circuit configuration for normal program 
memory verification. 


Quick-Pulse 
Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 13. Note that 
the 87151 FA is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 


The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 13. The code byte to be 
programmed into that location is applied to 
port O.RST, l'SEN and pins of ports 2 and 3 
specified in Table 2 are held at the 'Program 
Code Data' levels indicated in Table 2. The 
AlEIF"ROO is pulsed low from 5 to 25 times 
as shown in Figure 14. 


To program the encryption table, repeat the 5 
to 25 pulse programming sequence for 
addresses 0 through 1FH, using the 'Pgm 
Encryption Table' levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 


To program the security bits, repeat the 5 to 
25 pulse programming sequence using the 
'Pgm Security Bit' levels. After one security 
bit is programmed, further programming of 
the code memory and encryption table is 
disabled. However, the other security bit can 
still be programmed. 


Note that the FJiNpp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 


Program Verification 
If security bit 2 has not been programmed, 
the on-chip program memory can be read out 
for program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 15. The other pins are held at the 
'Verify Code Data' levels indicated in Table 2. 
The contents of the address location will be 
emitted on port O. External pull-ups are 
required on port 0 for this operation. 


If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correc~y decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 


The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 
(030H) = 15H indicates manufactured by 


Philips 
(031H) = B1H indicates 87151 FA 


ProgramNerify 
Algorithms 


Any algorithm in agreement with the 
conditions listed in Table 2, and which 
satisfies the timing specifications, is suitable. 


Erasure 
Characteristics 


Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary 
effects, 
it 


is recommended 
that an opaque label be 


placed over the window. 
For elevated 
temperature or environments where solvents 
are being used. apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-s/cm2. Exposing the EPROM to an 
ultraviolet lamp of 12,000f' W/cm2 rating for 
20 to 39 minutes, at a distance of about 
1 inch, should be sufficient. 


Erasure leaves the array in an all 1s state. 


MODE 
RST 
l'SEN 
ALEIPROG 
FJiNpp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program code data 
1 
0 
04 
Vpp 
1 
0 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 


pgm encryption table 
1 
0 
04 
Vpp 
1 
0 
1 
0 


Pgm security bit 1 
1 
0 
04 
Vpp 
1 
1 
1 
1 


pgm security bit 2 
1 
0 
04 
Vpp 
1 
1 
0 
0 


NOTES: 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 
2. Vpp = 12.75V ±0.25V. 
3. Vcc = 5V±10% during programming and verification. 
4. AlEil"ROO 
receives 5 to 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 100f's (±10f's) and high for 
a minimum of 10!1s. 


Vcc 


P1 
PO 


RST 
EJWpp 


P3.6 
ALEIl'ROG 


P3.7 
87L51FA 
I'Srn 


XTAl2 
P2.7 


P2.6 


XTAl1 
P2.o-P2.5 


VSS 


I 
C 
1 
10"SMIN --1 1-·-----l00IJ.S±10----~·1 


o 
,--I 
-----Jn~ 
~~ 


Vcc 


AD-A7 
P1 
PO 
PGM 
DATA 


RST 
EJWpp 


P3.6 
ALEIl'ROG 


P3.7 
87l51FA 
I'Srn 


XTAl2 
P2.7 
o Em\ll[E 


P2.6 


XTALl 
P2.o-P2.4 
A8-A12 


vss 


Figure 15. 
Program Verification 


EPROM PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb = 21'C 
to +27'C, 
VCC = 5V±10%, 
VSS = OV (See 
Figure 
16) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply 
current 
50 
mA 


1/tCLCL 
Oscillator 
frequency 
4 
6 
MHz 


tAVGL 
Address 
setup 
to t'ROO 
low 
48tCLCL 


tGHAX 
Address 
hold after 
t'ROO 
48tCLCL 


tOVGL 
Data 
setup 
to t'ROO 
low 
48teLCL 


'<3HOX 
Data 
hold 
after 
t'ROO 
48teLCL 


tEHSH 
P2.7 (ENA"SIT) 
high 
to Vpp 
48teLCL 


tSHGL 
Vpp 
setup 
to t'ROO 
low 
10 
lis 


tGHSL 
Vpp 
hold 
after 
t'ROO 
10 
lis 


'<3LGH 
t'ROOwidth 
90 
110 
lis 


tAVQV 
Address 
to data 
valid 
48teLCL 


tELQZ 
"EJiIABTE 
low to data 
valid 
48teLCL 


tEHQZ 
Data 
float 
after "EJiIABTE 
0 
48tCLCL 


'<3HGL 
t'ROO 
high 
to t'ROO 
low 
10 
lis 


Philips Semiconductors 
Microcontroller 
Products 


DESCRIPTION 
The 83L51 FB and 87L51 FB (hereafter 
generically referred to as 8XL51 FB) 
Single-Chip 3.0V 8-Bit Microcontrollers are 
manufactured in an advanced CMOS 
process and are derivatives of the 80C51 
microcontroller family. The 8XL51 FB has the 
same instruction set as the 80C51. 


This device provides architectural 
enhancements that make it applicable in a 
variety of applications for general control 
systems. The 87L51 FB contains 16k x 8 
memory, a volatile 256 x 8 read/write data 
memory, four 8-bit I/O ports, three 16-bit 
timer/event counters, a Programmable 
Counter Array (PCA), a multi-source, 
two-priority-Ievel, nested interrupt structure, 
an enhanced UART and on-chip oscillator 
and timing circuits. For systems that require 
extra capability, the 8XL51 FB can be 
expanded using standard 3.3V TIL 
compatible memories and logic. 


Its added features make it an even more 
powerful microcontroller for applications that 
require pulse width modulation, high-speed 
I/O and up/down counting capabilities such 
as motor control. 
It also has a more versatile 
serial channel that facilitates multiprocessor 
communications. 


FEATURES 


• 80C51 central processing unit 


• 3.0 to 4.5V VCCrange 


• 16kx8EPROM(87L51FB) 
16k x 8 ROM (83L51 FB) 
- 
expandable externally to 64k bytes 


- 
Quick Pulse programming algorithm 
- Two level program security system 


• 256 x 8 RAM, expandable externally to 
64k bytes 


• Three 16-bit timer/counters 


- T2 is an up/down counter 


• Programmable Counter Array (PCA) 


- 
High speed output 
- 
Capture/compare 
- 
Pulse Width Modulator 
- Watchdog Timer 


• Four 8-bit I/O ports 


• Full-duplex enhanced UART 
- 
Framing error detection 


- 
Automatic address recognition 


• Power control modes 
- 
Idle mode 


- 
Power-down mode 


• Once (On Circuit Emulation) Mode 


• Five package styles 


• OTP package available 


CEXOfPl.3 
4 
PO.2/AD2 


CEX1!Pl.4 
5 
PO.31AD3 


T11P3.5 
1 


WRlP3.6 1 


XTAl2 
1 


XTAl1 
1 
P2. HAg 


ROM 
EPROM 
TEMPERATURE RANGE °C AND PACKAGE' 
FREQ. 
DRAWING 
(MHz) 
NUMBER 


S83L51 FB-4N40 
S87L51 FB-4N40 
OTP 
o to +70, 40-Pin Plastic Dual In-line Package 
3.5 to 16 
0415C 


S87L51FB-4F40 
UV 
o to +70, 40-Pin Ceramic Dual In-line Package wlWindow 
3.5 to 16 
0590B 


S83L51FB-4A44 
S87L51FB-4A44 
OTP 
o to +70, 44-Pin Plastic Leaded Chip Carrier 
3.5 to 16 
0403G 


S87L51 FB-4K44 
UV 
o to +70, 44-Pin Ceramic Leaded Chip Carrier wlWindow 
3.5 to 16 
1472A 


S83L51FB-4B44 
S87L51FB-4B44 
OTP 
o to +70, 44-Pin Plastic Quad Flat Pack 
3.5 to 16 
1118D 


S83L51 FB-5N40 
S87L51FB-5N40 
OTP 
-40 to +85, 40-Pin Plastic Dual In-line Package 
3.5 to 16 
0415C 


S87L51FB-5F40 
UV 
-40 to +85, 40-Pin Ceramic Dual In-line Package wlWindow 
3.5 to 16 
0590B 


S83L51FB-5A44 
S87L51FB-5A44 
OTP 
-40 to +85, 44-Pin Plastic Leaded Chip Carrier 
3.5 to 16 
0403G 


S87L51 FB-5K44 
UV 
-40 to +85, 44-Pin Ceramic Leaded Chip Carrier wlWindow 
3.5 to 16 
1472A 


S83L51FB-5B44 
S87L51FB-5B44 
OTP 
-40 to +85, 44-Pin Plastic Quad Flat Pack 
3.5 to 16 
1118D 


S83L51 FB-7N40 
S87L51FB-7N40 
OTP 
o to +70, 40-Pin Plastic Dual In-line Package 
3.5 to 20 
0415C 


S87L51 FB-7F40 
UV 
o to +70, 40-Pin Ceramic Dual In-line Package wlWindow 
3.5 to 20 
0590B 


S83L51FB-7A44 
S87L51FB-7A44 
OTP 
o to +70, 44-Pin Plastic Leaded Chip Carrier 
3.5 to 20 
0403G 


S87L51 FB-7K44 
UV 
o to +70, 44-Pin Ceramic Leaded Chip Carrier wlWindow 
3.5 to 20 
1472A 


S83L51 FB-8N40 
S87L51 FB-8N40 
OTP 
-40 to +85, 40-Pin Plastic Dual In-line Package 
3.5 to 20 
0415C 


S87L51FB-8F40 
UV 
-40 to +85, 40-Pin Ceramic Dual In-line Package wlWindow 
3.5 to 20 
0590B 


S83L51FB-8A44 
S87L51FB-8A44 
OTP 
-40 to +85, 44-Pin Plastic Leaded Chip Carrier 
3.5 to 20 
0403G 


S87L51 FB-8K44 
UV 
-40 to +85, 44-Pin Ceramic Leaded Chip Carrier wlWindow 
3.5 to 20 
1472A 


NOTE: 
,. 
OTP = One TIme Programmable EPROM. 
UV = Erasable EPROM. 
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CERAMIC 
AND PLASTIC 
LEADED 
CHIP CARRIER 
PIN FUNCTIONS 


PIN NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


VSS 
20 
22 
16 
I 
Ground: 
OV reference. 


Vcc 
40 
44 
38 
I 
Power Supply: This is the power supply voltage for normal, idle, and power-down 
operation. 


PO.O-O.7 
39-32 
4:M36 
37-30 
I/O 
Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1s written to 
them float and can be used as high-impedance inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to external program and data memory. In 
this application, it uses strong internal pull-ups when emitting 1s. Port 0 also outputs the 
code bytes during program verification and receives code bytes during EPROM 
programming. External pull-ups are required during program verification. 


P1.o-P1.7 
1-8 
2-9 
40-44, 
I/O 
Port 1: Port 1 is an 8-bit bidirectionai I/O port with internal pull-ups, except P1.6 and P1.7 


1-3 
which are open drain. Port 1 pins that have 1s written to them are pulled high by the internal 
pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: lid. 
Port 1 also receives the low-order address byte during program memory verification. 
Alternate functions include: 
1 
2 
40 
I 
T2 (P1.0): TImer/Counter 2 extemal count inpuVClockout 


2 
3 
41 
I 
T2EX (P1.1): TImer/Counter 2 Reload/Capture/Direction 
Control 
3 
4 
42 
I 
ECI (P1.2): External Clock Input to the PCA 
4 
5 
43 
I/O 
CEXO (P1.3): Capture/Compare External I/O for PCA module 0 
5 
6 
44 
I/O 
CEX1 (P1.4): Capture/Compare 
External I/O for PCA module 1 
6 
7 
1 
I/O 
CEX2 (P1.5): Capture/Compare 
External I/O for PCA module 2 


7 
8 
2 
I/O 
CEX3 (P1.6): Capture/Compare Extemal 110 for PCA module 3 
8 
9 
3 
I/O 
CEX4 (P1.7): Capture/Compare 
External I/O for PCA module 4 


PIN NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


P2.o-P2.7 
21-28 
24-31 
18-25 
I/O 
Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have 1s 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: IILl. Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to external data memory 
that use 16-bit addresses (MOVX @DPTR). In this application, it uses strong internal 
pull-ups when emitting 1s. During accesses to extemal data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. Some 
Port 2 pins receive the high order address bits during EPROM programming and 
verification. 


P3.o-P3.7 
10-17 
11, 
5, 
I/O 
Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1s 
1~19 
7-13 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 3 pins that are externally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: IILl. Port 3 also serves the special features of the 80C51 
family, as listed below: 
10 
11 
5 
I 
RxD (P3.0): Serial input port 
11 
13 
7 
0 
TxD (P3.1): Serial output port 
12 
14 
8 
I 
INTO (P3.2): External interrupt 
13 
15 
9 
I 
rnTf 
(P3.3): External interrupt 


14 
16 
10 
I 
TO (P3.4): Timer 0 external input 


15 
17 
11 
I 
T1 (P3.5): Timer 1 external input 


16 
18 
12 
0 
WR (P3.6): External data memory write strobe 


17 
19 
13 
0 
RO (P3.7): External data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Vee. 


ALEII'ROO 
30 
33 
27 
I/O 
Address 
Latch Enable/Program 
Pulse: Output pulse for latching the low byte of the 


address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is skipped during each access to external data memory. This pin is 
also the program pulse input (t'ROO) during EPROM programming. 


f'SEl\l 
29 
32 
26 
0 
Program 
Store Enable: The read strobe to external ppo~Nm memory. When the 8XL51 FB 


is executing code from the extepsk'N0gram 
memory, 
is activated twice each 


machine cycle, except that two 
activations are skipped during each access to 


external data memory. f'SEl\l is not activated dUring fetches from internal program memory. 


FANpp 
31 
35 
29 
I 
External Access 
Enable/Programming 
Supply Voltage: EA must be externally held low 


to enable the device to fetch code from external program memory locations OOOOHand 
3FFFH. If EA is held high, the device executes from internal program memory unless the 
program counter contains an address greater than 3FFFH. This pin also receives the 
12.75V programming supply voltage (Vpp) during EPROM programming. If security bit 1 is 
programmed, EA will be internally latched on Reset. 


XTAL1 
19 
21 
15 
I 
Crystal 1: Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


NOTE: 
To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher than Vee + 0.5V or Vss - 0.5V, respectively. 


TIMER 2 
This is a 16-bil up or down counter, which 
can be operated as either a timer or event 
counter. It can be operated in one of three 
different modes (autoreload, capture or as 
the baud rate generator for the UART). 


In the autoreload mode the Timer can be set 
to count up or down by selling or clearing the 
bit DCEN in the T2CON Special Function 
Register. The SFR's RCAP2H and RCAP2L 
are used to reload the Timer upon overlfow or 
a 1-to-0 transition on the T2EX input (P1.1). 


In the Capture mode Timer 2 can either set 
TF2 and generate an interrupt or capture its 
value. To capture Timer 2 in response to a 
1-to-0 transition on the T2EX input, the 
EXEN2 bit in the T2CON must be set. Timer 
2 is then captured in SFR's RCAP2H and 
RCAP2L. 


As the baud rate generator, Timer 2 is 
selected by setting TCLK and/or RCLK in 
T2CON. As the baud rate generator Timer 2 
is incremented at 1/2the oscillator frequency. 


ENHANCED 
UART 
The 8XL51 FB UART has all of the 
capabilities of the standard 80C51 UART plus 
Framing Error Detection and Automatic 
Address Recognition. As in the 80C51, all 
four modes of operation are supported as 
well as the 9th bit in modes 2 and 3 that can 
be used to facilitate multiprocessor 
communication. 


The Framing Error Detection allows the 
UART to look for missing stop bits. If a Stop 


bit is missing, the FE bit in the SCON SFR is 
set. The FE bit can be checked after each 
transmission to detect communication errors. 
The FE bit can only be cleared by software 
and is not affected by a valid stop bit. 


Automatic Address Recognition is used to 
reduce the CPU service time for the serial 
port. The CPU oniy needs to service the 
UART when it is addressed and, with this 
done by the on-chip circuitry, the need for 
software overhead is greatly reduced. This 
mode works similar to the 9-bit 
communication mode, except that it uses only 
8 bits and the Stop bit is used to cause the RI 
bit to be set. There are two SFRs associated 
with this mode. They are SAD DR, which 
holds the slave address and SAD EN, which 
contains a mask that allows selective 
masking of the slave address so that 
broadcast addresses can be used. 


PROGRAMMABLE 
COUNTER 
ARRAY 
The PCA is a sophisticated free-running 
16 bit TImer/Counter that drives 5 modules 
that can be individually configured as Capture 
inputs, software timers, high speed outputs, 
or pulse width modulated outputs. In addition, 
module 4 can be configured as a software 
controlled watchdog timer. 


The TImer portion of the PCA can be 
configured to run in one of four different 
modes. The modes are: 1/2 the oscillator 
frequency, 1/4 the oscillator frequency, 
TImer 0 overflows, or from the ECI input. 


For the Capture/Compare mode each of the 
modules has a pair of registers associated 
with it called CCAPnH and CCAPnL (where 
n = 0, 1,2, 3, 4 depending on the modUle). 
Both positive and negative transitions can be 
captured. This means that the PCA has the 
flexibility to measure phase differences, duty 
cycles, pulse widths and a wide variety of 
other digital pulse characteristics. 


In the 16-bit software timer mode each of the 
modules can generate an interrupt upon a 
compare. 


For applications that require accurate pulse 
widths and edges the PCA modules can be 
used as High Speed Outputs (HSO). The 
PCA toggles the appropriate CEXn pin when 
there is a match between the PCA timer and 
the modules compare registers. 


The pulse width modulator mode for the PCA 
allows the conversion of digital information 
into analog signals. Each of the 5 modules 
can be used in this mode. The frequency of 
the PWM depends on the clock source for 
the PCA. The 8-bit PWM output is generated 


by comparing the low by1eof the PCA (CL) 
with the module's CCAPnL SFR. When 
CL < CCAPnL, the output is high. When 
CL> CCAPnL, the output is low. 


POWER OFF FLAG 
The Power Off Flag (POF) is set by on-chip 
circuitry when the Vcc level on the 8XL51 FB 
rises from 0 to 3.3V. The POF bit can be set 
or cleared by software allowing a user to 
determine if the reset is the result of a 
power-on or a warm start after powerdown. 
The Vcc level must remain above 2.0V for 
the POF to remain unaffected by the Vcc 
level. 


OSCILLATOR 
CHARACTERISTICS 
XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator. 


To drive the device from an external clock 
source, XTAL 1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 


Reset 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on Vcc and RST must 
come up at the same time for a proper 
start-up. 


Idle Mode 
In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-Chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor 
in the same 
manner 
as a 
power-on reset. 


Power-Down 
Mode 


To save even more power, a Power Down 
mode can be invoked by software. In this 
mode, the oscillator is stopped and the 
instruction that invoked Power Down is the 
last instruction executed. The on-Chip RAM 
and Special Function Registers retain their 
values until the Power Down mode is 
terminated. 


On the 8XL51 FB either a hardware reset or 
ex1ernal interrupt can use an exit from Power 
Down. Reset redefines all the SFRs but does 
not change the on-chip RAM. An external 
interrupt allows both the SFRs and the 
on-chip RAM to retain their values. 


To properly terminate Power Down the reset 
or external interrupt should not be executed 
before Vcc is restored to its normal operating 
level and must be held active long enough for 
the oscillator to restart and stabilize (normally 
less than 10ms). 


With an ex1ernal interrupt, INTO and INT1 
must be enabled and configured as 
level-sensitive. Holding the pin low restarts 
the oscillator but bringing the pin back high 
completes the exit. Once the interrupt is 
serviced, the next instruction to be executed 
after RETI will be the one following the 
instruction that put the device into Power 
Down. 


Design Consideration 
• When the idle mode is terminated by a 


hardware reset, the device normally 
resumes program execution, from where it 
left off, up to two machine cycles before the 
internal rest algorithm takes control. 
On-chip hardware inhibits access to 
internal RAM in this event, but access to 
the port pins is not inhibited. To eliminate 
the possibility of an unexpected write when 
Idle is terminated by reset, the instruction 
following the one that invokes Idle should 
not be one that writes to a port pin or to 
ex1ernal memory. 


ONCE'" 
Mode 


The ONCE ("On-Circuit Emulation") Mode 
facilitates testing and debugging of systems 
using the 8XL51 FB without the 8XL51 FB 
having to be removed from the circuit. The 
ONCE Mode is invoked by: 
1. Pull ALE low while the device is in reset 


and PSEI\I is high; 


2. 
Hold ALE low as RST is deactivated. 


While the device is in ONCE Mode, the Port 0 
pins go into a float state, and the other port 
pins and ALE and PSEI\I are weakly pulled 
high. The oscillator circuit remains active. 
While the 8XL51 FB is in this mode, an 
emulator or test CPU can be used to drive 
the circuil. Normal operation is restored when 
a normal reset is applied. 


PROGRAM 


MODE 
MEMORY 
ALE 
~ 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
Ex1ernal 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
a 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


PARAMETER 
RATING 
UNIT 


Operating temperature under bias 
o to +70 or -40 to +85 
DC 


Storage temperature range 
-65 to +150 
DC 


Voltage on ~pp 
pin to Vss 
Oto +13.0 
V 


Voltage on any other pin to Vss 
-0.5 to +6.5 
V 


Maximum IOLper 1/0 pin 
15 
mA 


Power dissipation (based on package heat transfer limitations, not 
1.5 
W 
device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 
2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


Electrical 
Deviations 
from Commercial 
Specifications 
for Extended Temperature 
Range 


DC and AC parameters not included here are the same as in the commercial temperature range table. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°Cto +70°C, -40 to +85°C, VCC= 3.0V to 4.5V, VSS= OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
Typ1 
MAX 
UNIT 


V1L 
Input low voltage, except W,3 
-<l.5 
0.8 
V 


V1L1 
Input low voltage to W,3 
0 
0.8 
V 


V1H 
Input high voltage, except XTAL1, RST7,4 
2.0 
Vcc+0.5 
V 


VIHl 
Input high voltage, XTAL 1, RST7,4 
0.7Vcc 
Vcc+0.5 
V 


VOL 
Output low voltage, ports 1, 2, 39 
IOL= 1.6mAz 
0.45 
V 


VOL1 
Output low voltage, port 0, ALE, f'SEJ\l9 
IOL= 3.2mAz 
0.45 
V 


VOH 
Output high voltage, ports 1,2, 3, ALE, l'SEN3 
IOH= -20~A 
VCC- 0.5 
V 


VOH1 
Output high voltage (port 0 in external bus mode), 
IOH=-3.2mA 
VCC- 0.7 
V 
ALE10, l'SEN3 


IlL 
Logical 0 input current, ports 1,2,37 
VIN = 0.45V 
-50 
~A 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 37 
See note 4 
-650 
~A 


III 
Input leakage current, port 0 
0.45 VIN < 
±5 
~A 
VCC- 0.3 


Icc 
Power supply current:? 
See note 6 
Active mode @ 20MHz5 
9 
22 
mA 
Idle mode @ 20MHz 
2 
6 
mA 
Power-down mode 
10 
50 
~A 


RRST 
Internal reset pull-down resistor 
40 
225 
kG 


CIO 
Pin capacitance11 (except EA) 
15 
pF 


NOTES: 
1. Typical ratings are not guaranteed. The values listed are at room temperature, 3.3V. 
2. These values apply only to Tamb= O°Cto +70°C. 
3. 
For VCCvoltages above 3.6V and less than 5.5V, VIL = 0.3Vcc - 0.1 


4. 
For VCCvoltages above 3.6V and less than 5.5V, VIH = 0.3Vcc + .92 


5. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 
Maximum IOLper port pin: 
15mA ('NOTE: This is 85°C specification.) 
Maximum IOLper 8-bit port: 
26mA 
Maximum total IOLfor all outputs: 
71mA 


If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 


6. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLSof ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 
7. 
Capacitive loading on ports 0 and 2 may cause the VOHon ALE and l'SEN to momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 
8. ALE is tested to VOH1,except when ALE is off then VOH is the voltage specification. 
9. 
Pins of ports 1, 2 and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 1.5V. 
1O.ICCMAXat other frequencies is given by: Active mode: ICCMAX= 0.8 x FREQ + 6: Idle mode: ICCMAX= 0.19 x FREQ +2.50, 


where FREQ is the external oscillator frequency in MHz. ICCMAXis given in mA. See Figure 23. 


11. See Figures 24 through 27 for Icc test conditions. 
12. Pin capacitance is less than 25pF. Pin capacitance of ceramic package is less than 15pF (except EA it is 25pF). These values are 
guaranteed by design and are not tested. 


AC ELECTRICAL 
CHARACTERISTICS 
Tamb= O°Cto +70°C, -40 to +85°C, VCC= 3.0V to 4.5V, VSS = OV1.2.3 


16MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1/lcLCL 
16 
Oscillator frequency 
-4,-5 
3.5 
16 
MHz 


-7,-8 
3.5 
20 
MHz 


fLHLL 
16 
ALE pulse width 
85 
2lcLCL-40 
ns 


tAVLL 
16 
Address valid to ALE low 
22 
lcLCL-40 
ns 


tLLAX 
16 
Address hold after ALE low 
32 
tCLCL--30 
ns 


tLLlV 
16 
ALE low to valid instruction in 
150 
4lcLCL-100 
ns 


tLLPL 
16 
ALE low to l'SEN low 
32 
lcLCL-30 
ns 


tPLPH 
16 
l'SEN pulse width 
142 
3lcLCL-45 
ns 


tPLIV 
16 
l'SEN low to valid instruction in 
82 
3tCLCL-105 
ns 


tPXIX 
16 
Input instruction hold after l'SEN 
0 
0 
ns 


tPXIZ 
16 
Input instruction float after l'SEN 
37 
lcLCL-25 
ns 


tAVIV 
16 
Address to valid instruction in 
207 
5lcLCL-105 
ns 


tpLAZ 
16 
l'SEN low to address float 
10 
10 
ns 


Data Memory 


tRLRH 
17,18 
RU pulse width 
275 
6lcLCL-100 
ns 


tWLWH 
17,18 
WR pulse width 
275 
6lcLCL-100 
ns 


tRLDV 
17, 18 
RU low to valid data in 
147 
5lcLCL-165 
ns 


tRHDX 
17,18 
Data hold after RU 
0 
0 
ns 


tRHDZ 
17,18 
Data float after RU 
65 
2lcLCL-<30 
ns 


tLLDV 
17,18 
ALE low to valid data in 
350 
8lcLCL-150 
ns 


tAVDV 
17,18 
Address to valid data in 
397 
9lcLCL-165 
ns 


tLLWL 
17,18 
ALE low to RU or WR low 
137 
237 
3lcLCL-50 
3lcLCL+50 
ns 


tAvwL 
17,18 
Address valid to WR low or RU low 
175 
4tCLCL-75 
ns 


tevwx 
17,18 
Data valid to WR transition 
42 
lcLCL-20 
ns 


tWHOX 
17,18 
Data hold after WR 
42 
lcLCL-20 
ns 


teVWH 
18 
Data valid to WR high 
287 
7lcLCL-150 
ns 


tRLAZ 
17,18 
RU low to address float 
0 
0 
ns 


tWHLH 
17,18 
RU or WR high to ALE high 
40 
87 
lcLCL-20 
lcLCL+25 
ns 


External Clock 


tCHCX 
20 
High time 
12 
20 
ns 


tCLCX 
20 
Low time 
12 
20 
ns 


tCLCH 
20 
Rise time 
20 
20 
ns 


lcHCL 
20 
Fall time 
20 
20 
ns 


Shift Register 


tXLXL 
19 
Serial port clock cycle time 
1 
12lcLCL 
Ils 


teVXH 
19 
Output data setup to clock rising edge 
492 
1OlcLCL-133 
ns 


tXHOX 
19 
Output data hold after clock rising edge 
8 
2lcLCL-117 
ns 


tXHDX 
19 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
19 
Clock rising edge to input data valid 
492 
1OlcLCL-133 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and l'SEN = 100pF, load capacitance for all other outputs = 80pF. 


3. 
Interfacing the 8XL51 FB to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port 0 
drivers. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
P - "F'Srn 
first character is always 't' (= time). The other 
Q - 
Output data 
characters, depending on their positions, 
R - 'R]j signal 


indicate the name of a signal or the logical 
t 
- TIme 
status of that signal. The designations are: 
V - Valid 
A - Address 
W- WR signal 
C - Clock 
X - No longer a valid logic level 
D - Input data 
Z - 
Float 
H - Logic level high 
Examples: tAVLL= TIme for address valid to 
I - 
Instruction (program memory contents) 
ALE low. 
L - Logic level low, or ALE 
tLLPL= TIme for ALE low to 
"F'Srn low. 


r- IXLXL-1 


1 
-I r- tXHQX I 


taVXH r-----II 


INPUT 
DATA 
~' 


CLEAA 
AI 


VCC-o·5 
- 
- 
- 
- 
O.7VCC 


O.45V 
O.2VCC-O.1 


VCC-0 


3=X 
>C 
03VCC+O 
92 


o 3V 
.~O_3V_C_C-O 
__ 
' 
_ 


TIMING 


REFERENCE 


POINTS 


NOTE, 


AC inputs 
during 
testing 
are driven 
al VCC 
-0.3 
for a logic '" 
and O.3V for a logic '0'. 


TIming 
measurements 
are made at VIH min for a logic '" 
and VIL for a logic '0', 


NOTE: 


For timing 
purposes, 
a port is no longer 
floating 
when 
a 100mV 
change 
from 
load 


voltage 
occurs, 
and begins 
to float when a 100mV 
change 
from the loaded 
VOW 


VOL 
level occurs. 
IOH/10L 
~ ± 20mA. 


Note: 
3.3V operation 
will reduce 


Ice 
V$. XTAL frequency. 
This curve 


will change 
as characterization 
data 
becomes 
available. 


Figure 9. 
Icc Test Condition, Active Mode 


All other pins are disconnected 
Figure 10. 
Icc Test Condition, Idle Mode 


All other pins are disconnected 


VCC-o·5 
- - - - 
O.7VCC 


O.45V 
O.2VCC-O.1 


ICHCL- 


Figure 11. Clock Signal Waveform for Icc Tests in Active and Idle Modes 


tCLCH = tCHCL = 5ns 


Figure 12. 
Icc Test Condition, Power Down Mode 
All other pins are disconnected. VCC = 2V to 4.5V 


EPROM CHARACTERISTICS 
The 87L51 FB is programmed by using a 
modified Quick-Pulse Programming'" 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEJPmJG pulses. 


The 87L51 FB contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87L51 FB manufactured by Philips. 


Table 3 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the security bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 28 and 29. Figure 30 shows 
the circuit configuration for normal program 
memory verification. 


Quick-Pulse 
Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 28. Note that 
the 87L51 FB is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 


The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 28. The code byte to be 
programmed into that location is applied to 
port O.RST, 1'S"E1il and pins of ports 2 and 3 
specified in Table 3 are held at the 'Program 
Code Data' levels indicated in Table 3. The 
ALEJPmJG is pulsed low from 5 to 25 times 
as shown in Figure 29. 


To program the encryption table, repeat the 5 
to 25 pulse programming sequence for 
addresses 0 through 1FH, using the 'Pgm 
Encryption Table' levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 


To program the security bits, repeat the 5 to 
25 pulse programming sequence using the 
'Pgm Security Bit' levels. After one security 
bit is programmed, further programming of 
the code memory and encryption table is 
disabled. However, the other security bit can 
still be programmed. 


Note that the "EANpp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 


Program Verification 
If security bit 2 has not been programmed, 
the on-chip program memory can be read out 
for program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 30. The other pins are held at the 
'Verify Code Data' levels indicated in Table 3. 
The contents of the address location will be 
emitted on port O.External pull-ups are 
required on port 0 for this operation. 


If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 
The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 
(030H) ; 15H indicates manufactured by 
Philips 
(031H); 
B2H indicates 87L51FB 


ProgramNerify 
Algorithms 
Any algorithm in agreement with the 
conditions listed in Table 3, and which 
satisfies the timing specifications, is suitable. 


Erasure 
Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary 
effects, 
it 
is recommended 
that an opaque label be 
placed over the window. 
For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-slcm2. Exposing the EPROM to an 
ultraviolet lamp of 12,OOOllW/cm2 
rating for 
20 to 39 minutes, at a distance of about 
1 inch, should be sufficient. 


Erasure leaves the array in an all 1s state. 


MODE 
RST 
J5SER 
ALEIPROG 
EANpp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program code data 
1 
0 
O' 
Vpp 
1 
0 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 


Pgm encryption table 
1 
0 
O' 
Vpp 
1 
0 
1 
0 


Pgm security bit 1 
1 
0 
O' 
Vpp 
1 
1 
1 
1 


Pgm security bit 2 
1 
0 
O' 
Vpp 
1 
1 
0 
0 


NOTES. 
1. '0'; 
Valid low for that pin, '1' ; valid high for that pin. 


2. Vpp; 
12.75V ±0.25V. 
3. Vcc; 
5V±1 0% during programming and verification. 
4. ALEJPROO receives 5 to 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 100llS (±10IlS) and high for 
a minimum of 1OilS. 


Vcc 


P1 
PO 


RST 
EJWPP 


P3.6 
ALEJ!'ROG 


P3.7 
87l51FB 
I'5rn 


XTA12 
P2.7 


P2.6 


XTAL1 
P2.~P2.5 


VSS 


c' 


1 
'O",MIN -1 1~·----100}lS±10----~·1 


Ol 
n 
~~ 


Vcc 


P' 
PO 


RST 
EJWpp 


P3.6 
ALEJ!'ROG 


P3.7 
87L51FB 
I'5rn 


XTA12 
P2.7 


P2.6 


XTAl1 
P2.o-P2.5 


VSS 


EPROM PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb = 21°C 
to +27°C, vcc = 5V±10%, 
vss = OV (See 
Figure 
31) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply 
current 
50 
mA 


1ltCLCL 
Oscillator 
frequency 
4 
6 
MHz 


tAVGL 
Address 
setup 
to ~ 
low 
48tCLCL 


!GHAX 
Address 
hold 
after 
~ 
48teLCL 


tOVGL 
Data 
setup 
to ~ 
low 
48teLCL 


tGHOX 
Data 
hold 
after 
~ 
481CLCL 


tEHSH 
P2.7 (El\IABCE) high to Vpp 
481CLCL 


tSHGL 
Vpp 
setup 
to ~ 
low 
10 
J.ls 


lGHSL 
Vpp 
hold 
after 
~ 
10 
J.ls 


!GLGH 
~widlh 
90 
110 
J.ls 


tAVQV 
Address 
to data 
valid 
48teLCL 


tELQZ 
EJiJAB[E low 10 data 
valid 
48tCLCL 


tEHQZ 
Data 
floal 
after EJiJAB[E 
0 
48teLCL 


tGHGL 
~ 
high 
to ~ 
low 
10 
J.ls 


DESCRIPTION 
The Philips 80C32180C52187C52 is a 
high-performance microcontroller fabricated 
with Philips high-density CMOS technology. 
The CMOS 8XC52 is functionally compatible 
with the NMOS SCN- 803218052 
microcontrollers. The Philips CMOS 
technology combines the high speed and 
density characteristics of HMOS with the low 
power anributes of CMOS. Philips epitaxial 
substrate minimizes latch-up sensitivity. 


The 8XC52 contains an 8k x 8 ROM (80C52) 
EPROM (87C52), a 256 x 8 RAM, 32 I/O 
lines, three 16-bit counter/timers, a 
six-source, two-priority level nested interrupt 
structure, a serial I/O port for either 
multi-processor communications, 
I/O 
expansion or full duplex UART, and on-chip 
oscillator and clock circuits. 


In addition, the 8XC52 has two software 
selectable modes of power reduction-idle 
mode and power-down mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial port, and interrupt system to 
continue functioning. The power-down mode 
saves the RAM contents but freezes the 
oscillator, causing all other chip functions to 
be inoperative. 


• 803218052 compatible 


- 
8k x 8 ROM (80C52) 


- 
8k x 8 EPROM (87C52) 


- 
ROMless (80C32) 


- 
256x8RAM 


- Three 16-bit counter/timers 


- 
Full duplex serial channel 


- 
Boolean processor 


• Memory addressing capability 


- 
64k ROM and 64k RAM 


• Power control modes: 


- 
Idle mode 


- 
Power-down mode 


PO.51ADS 


PO.61AD6 


PO.7/AD7 


RxDIP3. 
1 
EJWPP 


30 
ALEII'ROO 


P2.7/A15 


P2.61A14 


P2.4/A12 


P2.31A11 


XTAl1 
P2.1fA9 


P2.OIA8 


• Two speed ranges: 


- 
3.5 to 16MHz 


- 
3.5 to 24MHz 


• Five package styles 


• Extended temperature ranges 


• OTP package available 


TEMPERATURE RANGE 'C 
FREQ 
DRAWING 


ROMless 
ROM 
EPROM 
AND PACKAGE' 
MHz 
NUMBER 


P80C32EBP N 
P80C52EBP N 
P87C52EBP N 
OTP 
o to +70, Plastic Dual In-line Package 
16 
0415C 


P80C32EBA A 
P80C52EBA A 
P87C52EBA A 
OTP 
o to +70, Plastic Leaded Chip Carrier 
16 
0403G 


P87C52EBF 
FA 
UV 
o to +70, Ceramic Dual In-line Package 
16 
0590B 


P87C52EBL 
KA 
UV 
o to +70, Ceramic Leaded Chip Carrier 
16 
1472A 


P80C32EBB B 
P80C52EBB B 
P87C52EBB B 
OTP 
o to +70, Plastic Quad Flat Pack 
16 
11180 


P80C32EFP N 
P80C52EFP 
N 
P87C52EFP 
N 
OTP 
-40 to +85, Plastic Dual In-line Package 
16 
0415C 


P80C32EFA A 
P80C52EFA A 
P87C52EFA A 
OTP 
-40 to +85, Plastic Leaded Chip Carrier 
16 
0403G 


P87C52EFF 
FA 
UV 
-40 to +85, Ceramic Dual In-line Package 
16 
0590B 


P87C52EFL 
KA 
UV 
-40 to +85, Ceramic Leaded Chip Carrier 
16 
1472A 


P80C32EFB B 
P80C52EFB 
B 
P87C52EFB 
B 
OTP 
-40 to +85, Plastic Quad Flat Pack 
16 
11180 


P80C321BP 
N 
P80C521BP 
N 
P87C521BP 
N 
OTP 
o to +70, Plastic Dual In-line Package 
24 
0415C 


P80C321BA A 
P80C521BA 
A 
P87C521BA 
A 
OTP 
o to +70, Plastic Leaded Chip Carrier 
24 
0403G 


P87C521BF 
FA 
UV 
o to +70, Ceramic Dual In-line Package 
24 
0590B 


P87C521BL 
KA 
UV 
o to +70, Ceramic Leaded Chip Carrier 
24 
1472A 


P80C321FP 
N 
P80C521FP 
N 
P87C521FP 
N 
OTP 
-40 to +85, Plastic Dual In-line Package 
24 
0415C 


P80C321FA A 
P80C521FA 
A 
P87C521FA 
A 
OTP 
-40 to +85, Plastic Leaded Chip Carrier 
24 
0403G 


P87C521FF 
FA 
UV 
-40 to +85, Ceramic Dual In-line Package 
24 
05908 


P87C521FL 
KA 
UV 
-40 to +85, Ceramic Leaded Chip Carrier 
24 
1472A 


NOTE: 
1. OTP = One Time Programmable EPROM. 
UV = UV erasable EPROM 


CERAMIC 
AND PLASTIC 
LEADED 
PLASTIC 
QUAD FLAT PACK 


CHIP CARRIER 
PIN FUNCTIONS 
PIN FUNCTIONS 


40 
44 
34 


39 
33 


17 
29 
11 
23 


18 
28 
12 
22 


Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 


1 
NC 
23 
NC 
1 
Pl.5 
23 
P2.5JA13 


2 
T2lPl.0 
24 
P2.0/A8 
2 
Pl.6 
24 
P2.6IA14 


3 
T2EXlPl.1 
25 
P2.1/A9 
3 
Pl.? 
25 
P2.7/A15 


4 
Pl.2 
26 
P2.21Al0 
4 
RST 
26 
I'SEfl 


5 
Pl.3 
27 
P2.31Al1 
5 
RxO/P3.0 
27 
AlEJPl100 


6 
Pl.4 
28 
P2.4/A12 
6 
NC 
28 
NC 


7 
Pl.5 
29 
P2.5/A13 
7 
TxD1P3.1 
29 
EJWpp 


8 
Pl.6 
30 
P2.6IA14 
8 
rnTOIP3.2 
30 
PO.l/AD? 


9 
Pl.? 
31 
P2.7/A15 
9 
1I'ITI1P3.3 
31 
PO.61AD6 


10 
RST 
32 
I'SEfl 
10 
T0IP3.4 
32 
PO.5/AD5 


11 
RxD1P3.0 
33 
AlEJPl100 
11 
Tl1P3.5 
33 
PO.4/AD4 


12 
NC 
34 
NC 
12 
WRJP3.6 
34 
PO.31AD3 


13 
TxDIP3.1 
35 
EJWpp 
13 
11ll1P3.7 
35 
PO.21AD2 


14 
rnTOIP3.2 
36 
PO.l/AD? 
14 
XTAl' 
36 
PO.l/ADl 


15 
1I'ITI1P3.3 
37 
PO.61AD6 
15 
XTAl1 
37 
PO.OIADO 


16 
T0IP3.4 
38 
PO.5JAD5 
16 
VSS 
38 
VCC 


17 
T11P3.5 
39 
PO.4/AD4 
17 
NC 
39 
NC 


18 
WR/P3.6 
40 
PO.3/AD3 
18 
?2.0JAB 
40 
T2/Pl.0 
19 
I1ll/P3.7 
41 
PO.21AD2 
19 
P2.1/A9 
41 
T2EXP/P1.1 


20 
XTAL2 
42 
PO.l/ADl 
20 
P2.2/Al0 
42 
Pl.2 


21 
XTAl1 
43 
PO.O/ADO 
21 
P2.31Al1 
43 
Pl.3 


22 
VSS 
44 
VCC 
22 
P2.4/A12 
44 
Pl.4 


LOGIC SYMBOL 


Vcc 
Vss 
~4.l'l~",m, 


..e--+ 
~ .......-... 
DATA BUS 
_0.-- - 
- -lr' 


RST 
~ 
~-,~. 
EJWpp_ 


1'SEfl_ 


<n 
AlElP"l1OG4-)o.r-r 1~ 


t> 
TxD+- 
----. - - 
~Tm'O----"'M----'" - "'- 
u. JliITT----'" 
~ 
----+ 


~ 
~~ 
ADDRESS 
BUS 
ir 
TO-' ~ 
----+ 


C§ 
T1--+ 
a. 
----... 


z 
WR+- 
--.. 


~RU+- 
----t- 


r------------- 
I 
I 


VCCI 
---'-I 


vssl 
-fl 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


--------------l 
I 
I 
I 
I 
I 


SCON 


THO 


TH2 


$BUF 


TMOD 
TCON 


TLO 
TH1 


TL2 
RCAP2H 


IE 
IP 


!'SEll 


ALE 


£A 


I 
I 
I 
I 
I 


__________ 
--.J 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 
RESET 
ADDRESS 
MSB 
LSB 
VALUE 


ACC" 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


B" 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data pointer (2 bytes) 


DPH 
Data pointer high 
83H 
OOH 
DPL 
Data pointer low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE" 
Interrupt enable 
A8H 
EA 
I 
- 
I 
ET2 
I 
ES 
I 
ET1 
I 
EX1 
I 
ETO 
I 
EXO 
OxOOOOOOB 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP" 
Interrupt priority 
B8H 
- 
I 
- 
I 
PT2 I 
PS 
I 
PT1 
I 
PX1 
I 
PTO 
I 
PXO 
xxOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO" 
Port 0 
80H 
AD7 I AD6 I AD5 
I 
AD4 
I 
AD3 
I AD2 I AD1 
I 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1" 
Port 1 
90H 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I T2EX 
I 
T2 
FFH 


A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 


P2" 
Port 2 
AOH 
A15 I A14 
I 
A13 I A12 
I 
A11 
I 
A10 
I 
A9 
I 
A8 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


P3" 
Port 3 
BOH 
RUIWRI 
T1 
I 
TO 
I 
TfIT1 
I lNTO 
I 
TxD 
I 
RxD 
FFH 


pCON1 
Power control 
87H 
SMOD I 
- 
I 
- 
I 
- 
I 
GF1 
I 
GFO 
I 
PO 
I 
IDL 
OxxxxxxxB 


07 
06 
05 
04 
03 
02 
01 
DO 


PSW" 
Program status word 
DOH 
CY 
I 
AC 
I 
FO 
I 
RS1 I 
RSO 
I 
OV 
I 
- 
I 
P 
OOH 


RCAP2H# 
Capture high 
CBH 
OOH 
RCAPL# 
Capture low 
CAH 
OOH 


SBUF 
Serial data buffer 
99H 
xxxxxxxxB 


9F 
9E 
90 
9C 
9B 
9A 
99 
98 


SCON" 
Serial controller 
98H 
SMO I SM1 
I 
SM2 
I 
REN I 
TB8 
I RB8 
I 
TI 
I 
RI 
OOH 


SP 
Stack pointer 
81H 
07H 


8F 
8E 
80 
8C 
8B 
8A 
89 
88 


TCON" 
Timer control 
88H 
TF1 I TR1 I TFO I TRO 
I 
IE1 
I 
IT1 
I 
IEO 
I 
ITO 
OOH 


CF 
CE 
CD 
CC 
CB 
CA 
C9 
C8 


T2CON"# 
Timer 2 control 
C8H 
TF2 I EXF2 
I RCLK I TCLK 
I EXEN2 
I 
TR2 
I Cm I CPfR[2 
OOH 


THO 
Timer high 0 
8CH 
OOH 
TH1 
Timer high 1 
8DH 
OOH 
TH2# 
Timer high 2 
CDH 
OOH 
TLO 
Timer low 0 
8AH 
OOH 
TL1 
Timer low 1 
8BH 
OOH 
TL2# 
Timer low 2 
CCH 
OOH 


TMOD 
Timer mode 
89H 
GATE I 
CiT 
I 
M1 
I 
MO I 
GATE I 
CiT 
I 
M1 
I 
MO 
OOH 


Bit addressable 
# 
SFRs are modified from or added to the 80C51 SFRs. 
1. Bits GF1, GFO, PO, and IDL of the PCON register are not implemented in the NMOS 8XC52. 


PIN NO. 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 
L 


VSS 
20 
22 
16 
I 
Ground: 
OV reference. 


Vee 
40 
44 
38 
I 
Power Supply: This is the power supply voltage for normal, idle, and power-down 
operation. 


PO.O-O.7 
39-32 
43-36 
37-30 
110 
Port 0: Port 0 is an open-drain, bidirectional 1/0 port. Port 0 pins that have 1s written to 
them float and can be used as high-impedance inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to external program and data memory. In 
this application, it uses strong internal pull-ups when emitting 1s. Port 0 also outputs the 
code bytes during program verification in the 87C52. Extemal pull-ups are required during 
program verification. 


P1.o-P1.7 
1-8 
2-9 
40-44 
110 
Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups. Port 1 pins that have 1s 
1-3 
written to them are pulled high by the internal pull-ups and can be used as inputs. As 
inputs, port 1 pins that are externally pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: IILl. Pins PI.O and P1.1 also. Port 1 also 
receives the low-order address byte during program memory verification. Port 1 also serves 
alternate functions for timer 2: 
1 
2 
40 
I 
T2 (P1.0): Timer/counter 2 external count input. 


2 
3 
41 
I 
T2EX (P1.1): Timer/counter 2 trigger input. 


P2.o-P2.7 
21-28 
24-31 
18-25 
I/O 
Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have 1s 
written to them are pulled high by the internal pull-ups and can be used as inputs. As 
inputs, port 2 pins that are externally being pulled low will source current because of the 
internal pull-ups. (See DC Electrical Characteristics: IILl. Port 2 emits the high-order 
address byte during fetches from external program memory and during accesses to 
external data memory that use 16-bit addresses (MOVX @DPTR). In this application, it 
uses strong internal pull-ups when emitting 1s. During accesses to external data memory 
that use 8-bit addresses (MOV @Ri), port 2 emits the contents of the P2 special function 
register. 


P3.o-P3.7 
10-17 
11, 
5, 
I/O 
Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1s 


13-19 
7-13 
written to them are pulled high by the internal pull-ups and can be used as inputs. As 
inputs, port 3 pins that are extemally being pulled low will source current because of the 
pull-ups. {See DC Electrical Characteristics: IILl. Port 3 also serves the special features of 
the 80C51 family, as listed below: 
10 
11 
5 
I 
RxD {P3.0): Serial input port 
11 
13 
7 
0 
TxD {P3.1): Serial output port 


12 
14 
8 
I 
INTll (P3.2): External interrupt 
13 
15 
9 
I 
rnT1 {P3.3): External interrupt 
14 
16 
10 
I 
TO {P3.4): Timer 0 external input 
15 
17 
11 
I 
T1 {P3.5): Timer 1 external input 
16 
18 
12 
0 
WR' {P3.6): External data memory write strobe 
17 
19 
13 
0 
~ 
{P3.7): External data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An intemal diffused resistor to Vss permits a power-on reset using only an extemal 
capacitor to Vee. 


ALEIPROO 
30 
33 
27 
I/O 
Address 
Latch EnablelProgram 
Pulse: Output puise for latching the low byte of the 


address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is skipped during each access to external data memory. This pin is 
also the program pulse input (1"1100) during EPROM programming. 


'F'SEI'l' 
29 
32 
26 
0 
Program Store Enable: The read strobe to externa~SE~am 
memory. When the device is 


executing code from the external program memory, 
is activated twice each machine 


cycle, except that two 'F'SEI'l' activations are skipped during each access to external data 
memory. 'F'SEI'l' is not activated during fetches from internal program memory. 


EANpp 
31 
35 
29 
I 
External Access Enable/Programming 
Supply Voltage: EA must be extemally held low 


to enable the device to fetch code from external program memory locations OOOOHto 
1FFFH. If EA is held high, the device executes from internal program memory unless the 
program counter contains an address greater than 1FFFH. This pin also receives the 
12.75V programming supply voltage {Vpp) during EPROM programming. 


XTAL1 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator 


circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


Special 
Function 
Registers 
The special function register space is the 
same as the 80C51 except that the 80C52 
contains the additional special function 
registers T2CON, RCAP2l, 
RCAP2H, Tl2, 


and TH2. Since the standard 80C51 on-chip 
functions are identical in the 80C52, the SFR 
locations, bit locations, and operation are 
likewise identical. The only exceptions are in 
the interrupt mode and interrupt priority SFRs 
(see Table 1). 


Timer/Counters 
In addition to timer/counters 0 and 1 of the 
80C51 , the 80C52 contains timer/counter 2. 
like timers 0 and 1, timer 2 can operate as 
either an event timer or as an event counter. 
This is selected by bit CIT2 in the special 
function register T2CON (see Figure 1). It 
has three operating modes: capture, 
auto-load, and baud rate generator, which are 
selected by bits in the T2CON as shown in 
Table 2. 


In the Capture Mode there are two options 
which are selected by bit EXEN2 in T2CON. 
If EXEN2 = 0, then TImer 2 is a 16-bit timer or 
counter which upon overflowing sets bit TF2, 
the TImer 2 overflow bit, which can be used 
to generate an interrupt. If EXEN2 = 1, then 
TImer 2 still does the above, but with the 
added feature that a 1-to-0 transition at 
extemal input T2EX causes the current value 


in the TImer 2 registers, Tl2 and TH2, to be 
captured into registers RCAP2l 
and 
RCAP2H, respectively. (RCAP2l 
and 
RCAP2H are new special function registers 
in the 80C52.) In addition, the transition at 
T2EX causes bit EXF2 in T2CON to be set, 
and EXF2 like TF2 can generate an interrupt. 
The Capture Mode is illustrated in Figure 2. 


In the auto-reload mode, there are again two 
options, which are selected by bit EXEN2 in 
T2CON. If EXEN2 = 0, then when Timer 2 
rolls over it not only sets TF2 but also causes 
the TImer 2 registers to be reloaded with the 
16-bit value in registers RCAP2l and 
RCAP2H, which are preset by software. If 
EXEN2 = 1, then Timer 2 still does the above, 
but with the added feature that a 1-to-0 
transition at external input T2EX will also 
trigger the 16-bit reload and set EXF2. The 
auto-reload mode is illustrated in Figure 3. 


The baud rate generation mode is selected 
by RClK = 1 and/or TClK = 1. It will be 
described in conjunction with the serial port. 


Serial Port 
The serial port of the 8XC52 is identical to 
that of the 80C51 except that counter/timer 2 
can be used to generate baud rates. 


In the 80C52, TImer 2 is selected as the baud 
rate generator by setting TClK and/or RClK 
in T2CON (see Figure 1). Note that the baud 
rate for transmit and receive can be 
simultaneously different. Setting RClK and/or 


TClK 
puts TImer into its baud rate generator 


mode, as shown in Figure 4. 


The baud rate generator mode is similar to 
the auto-reload mode, in that a rollover in 
TH2 causes the TImer 2 registers to be 
reloaded with the 16-bit value in registers 
RCAP2H and RCAP2l, 
which are preset by 
software. 


Now, the baud rates in Modes 1 and 3 are 
determined by Timer 2's overflow rate as 
follows: 


TImer 2 Overflow Rate 


16 


The timer can be configured for either '1ime(' 
or "counte(' operation. In the most typical 
applications, it is configured for '1ime(' 
operation (C1T2 = 0). "Timer" operation is a 
little different for TImer 2 when it's being used 
as a baud rate generator. Normally, as a 
timer it would increment every machine cycle 
(thus at 1/12 the oscillator frequency). As a 
baud rate generator, however, it increments 
every state time (thus at 1/2 the oscillator 
frequency). In that case the baud rate is 
given by the formula: 


OscillatorFrequency 


32.[65536 - (RCAP2H, RCAP2L)) 


where (RCAP2H, RCAP2l) 
is the content of 


RCAP2H and RCAP2l 
taken as a 16-bi1 


unsigned integer. 


Timer 
2 overllow 
llag set by a Timer 
2 overflow 
and must be cleared 
by software. 
TF2 
will not be set when 


either 
RCLK 
or TCLK 
'" 1. 


Timer 
2 external 
flag set when 
either 
a capture 
or reload 
is caused 
by a negative 
transition 
on T2EX 
and 


EXEN2 
= ,. When 
Timer 
2 interrupt 
is enabled, 
EXF2 
'" 1 will cause 
the CPU 
to veclor 
to the Timer 
2 


interrupt 
routine. 
EXF2 
must 
be cleared 
by software. 


Timer 
2 external 
enable 
flag. When 
set, allows 
a capture 
or reload 
to occur as a result of a negative 
transition 
on T2EX 
if Timer 
2 is not being 
used to clock the serial 
port. EXEN2 
= 0 causes 
Timer 
2 to 


ignore 
events 
at T2EX. 


StarVstop 
control 
for Timer 
2. A logic 1 starts the timer. 


Timer 
or counter 
select. 
(Timer 
2) 


0= 
Internal 
timer 
(OSC/12) 


1 = External 
event 
counter 
(falling edge 
triggered). 


CaptureIReload 
flag. When 
set, captures 
will occur 
on negative 
transitions 
at T2EX 
it EXEN2 
= 1. When 


cleared, 
auto-reloads 
will occur 
either 
with Timer 
2 overflows 
or negative 
transitions 
at T2EX 
when 
EXEN2 


= 1. When 
either 
RCLK = 1 or TCLK = 1, this bit is ignored 
and the timer is forced 
to auto-reload 
on Timer 


2 overflow. 


~,- 
- 
~Jn:=O 


~,- 
- 
~cJn:=O 


~ 


OTE: 
ose. 
Freq. is divided 
by 2, not 12. 


OSC 
.2 
CIT2= 0 


~~\J 


B-. 
RXClock 


"I" 
"0" 
L~~"o.. 


RCLK+ RCLK 
CP!Ra 
TR2 
MODE 


0 
0 
1 
16-bit Auto-reload 


0 
1 
1 
16-bit Capture 


1 
X 
1 
Baud rate generator 


X 
X 
0 
(off) 


Timer 2 as a baud rate generator is shown in 
Figure 4. This figure is valid only if RCLK + 
TCLK = 1 in T2CON. Note that a rollover in 
TH2 does not set TF2, and will not generate 
an interrupt. Therefore, the Timer 2 interrupt 
does not have to be disabled when Timer 2 is 
in the baud rate generator mode. Note too, 
that if EXEN2 is set, a 1-to-0 transition in 
T2EX will set EXF2 but will not cause a 
reload from (RCAP2H, RCAP2L) to (TH2, 
TL2). Thus when Timer 2 is in use as a baud 
rate generator, T2EX can be used as an 
extra external interrupt, if desired. 


It should be noted that when Timer 2 is 
running (TR2 = 1) in "timer" function in the 
baud rate generator mode, one should not try 
to read or write TH2 or TL2. Under these 
conditions the timer is being incremented 


every state time, and the results of a read or 
write may not be accurate. The RCAP 
registers may be read, but should not be 
written to, because a write might overlap a 
reload and cause write and/or reload errors. 
Turn the timer off (clear TR2) before 
accessing the Timer 2 or RCAP registers, in 
this case. 


Timer/Counter 
2 Set-up 
Except for the baud rate generator mode, the 
values given for T2CON do not include the 
setting of the TR2 bit. Therefore, bit TR2 
must be set, separately, to turn the timer on. 
See Table 3 for set-up of timer 2 as a timer. 
See Table 4 for set-up of timer 2 as a counter. 


Using Timer/Counter 
2 to 


Generate 
Baud Rates 


For this purpose, Timer 2 must be used in the 
baud rate generating mode. If Timer 2 is 
being clocked through pin T2 (P1.0) the baud 


rate is: 


Timer 2 Over1low Rate 


16 


Baud 
Oscillator Frequency 


Rate 
32x[65536 - (RCAP2H, RCA2PL}j 


To obtain the reload value for RCAP2H and 
RCA02L, the above equation can be rewritten 
as: 


65536 _ Oscillator Frequency 
32 x Baud Rate 


Interrupts 
The 80C52 has 6 interrupt sources. All 
except TF2 and EXF2 are identical sources 
to those in the 80C51 . 


The Interrupt Enable Register and the 
Interrupt Priority Register are modified to 
include the additional 80C52 interrupt 
sources. The operation of these registers is 
identical to the 80C51 . 


In the 80C52, the Timer 2 Interrupt is 
generated by the logical OR of TF2 and 
EXF2. Neither of these flags is cleared by 
hardware when the service routine is 


vectored to. In fact, the service routine may 
have to determine whether it was TF2 or 
EXF2 that generated the interrupt, and the bit 
will have to be cleared in software. 


All of the bits that generate interrupts can be 
set or cleared by software, with the same 
result as though it has been set or cleared by 
hardware. That is, interrupts can be 
generated or pending interrupts can be 
canceled in software. 


The interrupt vector addresses and the 
interrupt priority for requests in the same 
priority level are given in the following: 


Priority 
Within 
Level 


(highest) 


Vector 
Address 
0003H 
OOOBH 
0013H 
001BH 
0023H 
002BH 


1. IEO 
2. TFO 
3. IE1 
4. TF1 
5. RI + TI 
6. TF2 + EXF2 


Note that they are identical to those in the 
80C51 except for the addition of the Timer 2 
(TF1 and EXF2) interrupt at 002BH and at 
the lowest priority within a level. 


MODE 
T2CON 


INTERNAL CONTROL 
EXTERNAL CONTROL 


(Note 1) 
(Note 2) 


16-bit Auto-Reload 
OOH 
08H 


16-bit Capture 
01H 
09H 


Baud rate generator receive and transmit same baud rate 
34H 
36H 


Receive only 
24H 
26H 


Transmit only 
14H 
16H 


MODE 
TMOD 


INTERNAL CONTROL 
EXTERNAL CONTROL 


(Note 1) 
(Note 2) 


16-bit 
02H 
OAH 


Auto-Reload 
03H 
OBH 


NOTES: 
1. Capture/reload occurs only on timer/counter overilow. 
2. 
Capture/reload occurs on timer/counter overilow and a 1-to-0 transition on T2EX (P1.1) pin except when timer 2 is used in the baud rate 
generator mode. 


OSCILLATOR 
CHARACTERISTICS 
XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol, 
page 285. 


To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the 
external clock signal, because the input to 
the internal clock circuitry is through a 
divide-by-two flip-flop. However, minimum 
and maximum high and low times specified in 
the data sheet must be observed. 


RESET 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 


oscillator periods), while the oscillator is 
running. To insure a good power-up reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. 


IDLE MODE 
In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


ROM CODE SUBMISSION 
When submitting ROM code for the 80C52, the following must be specified: 
1. 8k byte user ROM data 


2. 32 byte ROM encryption key 


3. 
ROM security bits. 


POWER-DOWN 
MODE 


In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. the 
control bits for the reduced power modes are 
in the special function register PCON. 


DESIGN CONSIDERATIONS 
At power-on, the voltage on Vcc and RST 
must come up at the same time for a proper 
start-up. 


Table 5 shows the state of I/O ports during 
low current operating modes. 


ADDRESS 
CONTENT 
BIT(S) 
COMMENT 


OOOOHto 1FFFH 
DATA 
7:0 
User ROM Data 


2000H to 201 FH 
KEY 
7:0 
ROM Encryption Key 
FFH ; no encryption 


2020H 
SEC 
0 
ROM Security Bit 1 


2020H 
SEC 
1 
ROM Security Bit 2 
o ; enable security 
1 ; disable security 


Security 
Bit 1: When programmed, this bit has two effects on masked ROM parts: 
1. External MOVC is disabled, and 
2. 
EA# is iatched on Reset. 


Security 
Bit 2: When programmed, this bit inhibits Verify User ROM. 


MODE 
PROGRAM MEMORY 
ALE 
J5'SEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Fioat 
Data 
Data 
Data 


Electrical 
Deviations 
from Commercial 
Specifications 
for Extended Temperature 
Range (87C52) 


DC and AC parameters not included here are the same as in the commercial temperature range table. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb; -40°C to +85°C, Vee; 
5V ±10%, Vss; 
OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


VIL 
Input low voltage, except EA 
-{).5 
0.2Vec-{)·15 
V 


VIL1 
Input low voltage to EA 
0 
0.2Vee-{)·35 
V 


VIH 
Input high voltage, except XTAL1, RST 
0.2Vee+1 
Vee+0.5 
V 


VIH1 
Input high voltage to XTAL1, RST 
0.7Vee+0.1 
Vee+0.5 
V 


IlL 
Logical 0 input current, ports 1, 2, 3 
VIN; 0.45V 
-75 
~A 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 3 
VIN; 
2.0V 
-750 
~A 


Ice 
Power supply current: 
Vee; 
4.5-5.5V, 
Active mode 
Frequency range; 
19 
mA 
Idle mode 
3.5 to 16MHz 
6 
mA 
Power-down mode 
50 
~A 


PARAMETER 
RATING 
UNIT 


Operating temperature under bias 
o to +70 or -40 to +85 
°C 


Storage temperature range 
-65 to +150 
°C 


Voltage on EANpp 
pin to Vss 
o to +13.0 
V 


Voltage on any other pin to Vss 
-0.5 to +6.5 
V 


Maximum IOLper 1/0 pin 
15 
mA 


Power dissipation (based on package heat transfer limitations, not 
1.5 
W 
device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 
2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless. it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 
3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°Cto +70°C or -40°C to +85°C, VCC= 5V ±10%, Vss = OV (87C52) 
Tamb= O°Cto +70°C or -40°C to +85°C, Vcc = 5V ±20%, Vss = ov (80C32180C52) 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
Typ1 
MAX 
UNIT 


VIL 
Input low voltage, except EA7 
-{).5 
0.2Vcc-<J·1 
V 


Vll1 
Input low voltage to EA7 
a 
0.2Vcc-<J·3 
V 


VIH 
Input high voltage, except XTAL1, RST7 
0.2Vcc+0. 
Vcc+0.5 
V 
9 


VIHl 
Input high voltage, XTAL1, RST7 
0.7Vcc 
Vcc+0.5 
V 


VOL 
Output low voltage, ports 1, 2, 39 
IOL= 1.6mAz 
0.45 
V 


VOl1 
Output low voltage, port 0, ALE, PSEW 
IOL= 3.2mAz 
0.45 
V 


VOH 
Output high voltage, ports 1,2, 3, ALE, 'P'Sl:f\I3 
IOH=-60I'A, 
2.4 
V 
IOH=-25I'A 
0.75Vcc 
V 
IOH= -10flA 
0.9Vcc 
V 


VOHl 
Output high voltage (port a in external bus mode) 
IOH= -800I'A, 
2.4 
V 


IOH= -300I'A 
0.75Vcc 
V 


IOH=-80I'A 
0.9Vcc 
V 


IlL 
Logical a input current, ports 1, 2, 37 
VIN = 0.45V 
-50 
I'A 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 37 
See note 4 
-650 
I'A 


III 
Input leakage current, port a 
VIN = VIL or VIH 
±10 
I'A 


Icc 
Power supply current7 
See note 6 


Active mode @ 12MHzs 
11.5 
19 
mA 
Idle mode @ 12MHz 
1.3 
4 
mA 
Power-down mode 
3 
50 
I'A 


RRST 
Internal reset pUll-down resistor 
50 
300 
kn 


CIO 
Pin capacitance 
I 
10 
pF 
NOTES: 
1. Typical ratings are not guaranteed. The values listed are at room temperature, 5V. 
2. Capacitive loading on ports a and 2 may cause spurious noise to be superimposed on the VOLSof ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port a and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than SmA and no more than two outputs exceed the test conditions. 
3. Capacitive loading on ports a and 2 may cause the VOHon ALE and 'F'SEN to momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 


4. 
Pins of ports 1, 2 and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 2V. 


5. 
ICCMAXat other frequencies is given by: Active mode: ICCMAX= 1.43 X FREQ + 1.9: Idie mode: ICCMAX= 0.14 X FREQ +2.31, 
where FREQ is the external oscillator frequency in MHz. ICCMAXis given in mA. See Figure 12. 


6. See Figures 13 through 16 for Icc test conditions. 
7. These values apply only to Tamb= O°Cto +70°C. For Tamb= -40°C to +85°C, see table on previous page. 
8. 
Load capacitance for port 0, ALE, and 'F'SEN = 100pF, load capacitance for all other outputs = 80pF. 


9. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 


Maximum IOLper port pin: 
15mA ('NOTE: This is 85°C specification.) 
Maximum IOLper 8-bit port: 
26mA 


Maximum total IOLfor all outputs: 
67mA 


If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°Cto +70°C or -40°C to +85°C, VCC= 5V ±10%, V55 = OV (87C52) 1,2,3 


24MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


l/lcLCL 
5 
Oscillator frequency: 
Speed Versions 
8XC52 
E 
3,5 
16 
MHz 
8XC52 
I 
3.5 
24 
MHz 


tLHLL 
5 
ALE pulse width 
43 
2lcLCL-40 
ns 


tAVLL 
5 
Address valid to ALE low 
28 
lcLCL-13 
ns 


tLLAX 
5 
Address hold after ALE low 
21 
lcLCL-20 
ns 


tLLlV 
5 
ALE low to valid instruction in 
101 
4lcLCL-65 
ns 


tLLPL 
5 
ALE low to J5SElillow 
28 
lcLCL-13 
ns 


tPLPH 
5 
J5SElil pulse width 
104 
3lcLCL-20 
ns 


tPLIV 
5 
J5SElillow to valid instruction in 
79 
3lcLCL-45 
ns 


tPXIX 
5 
Input instruction hold after J5SElil 
0 
0 
ns 


tPXIZ 
5 
Input instruction float after J5SElil 
31 
lcLCL-10 
ns 


tAVIV 
5 
Address to valid instruction in 
153 
5lcLCL-55 
ns 


tpLAZ 
5 
J5SElillow to address float 
10 
- 
10 
ns 


Data Memory 


tRLRH 
6, 7 
'Fll:l pulse width 
149 
6lcLCL-100 
ns 


tWLWH 
6,7 
WR pulse width 
149 
6lcLCL-100 
ns 


tRLDV 
6,7 
'Fll:llow to valid data in 
118 
5lcLCL-90 
ns 


tRHDX 
6,7 
Data hold after 'Fll:l 
0 
0 
ns 


tRHDZ 
6,7 
Data float after 'Fll:l 
55 
2teLCL-28 
ns 


tLLDV 
6,7 
ALE low to valid data in 
183 
8lcLCL-150 
ns 


tAVDV 
6,7 
Address to valid data in 
209 
9lcLCL-165 
ns 


tLLwL 
6,7 
ALE low to 'Fll:lor WR low 
74 
174 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
6,7 
Address valid to WR low or 'Fll:llow 
91 
4lcLCL-75 
ns 


tQVWX 
6,7 
Data valid to WR transition 
21 
lcLCL-20 
ns 


tWHQX 
6,7 
Data hold after WR 
21 
tCLCL-20 
ns 


tRLAZ 
6,7 
'Fll:llow to address float 
0 
0 
ns 


tWHLH 
6,7 
'Fll:lor WR high to ALE high 
21 
66 
lcLCL-20 
tCLCL+25 
ns 


External Clock 


lcHCX 
9 
High time 
20 
20 
ns 


tCLCX 
9 
Low time 
20 
20 
ns 


tCLCH 
9 
Rise time 
20 
20 
ns 


tCHCL 
9 
Fall time 
20 
20 
ns 


Shift Register 


tXLXL 
8 
Serial port clock cycle time 
499 
12lcLCL 
ns 


taVXH 
8 
Output data setup to clock rising edge 
283 
l0lcLCL -133 
ns 


tXHQX 
8 
Output data hold after clock rising edge 
3 
2lcLCL-80 
ns 


tXHDX 
8 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
8 
Clock rising edge to input data valid 
283 
lOlcLCL-133 
ns 
NOTES: 
1, Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and J5SElil= 100pF, load capacitance for all other outputs = 80pF. 


3. 
Interfacing the 80C32152 to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port 0 
drivers. 


EXPLANATION 
OF THE AC SYMBOLS 
Each timing symbol has five characters. The 
P - l'SEN 


first character is always 'I' (= time). The other 
Q - 
Output data 
characters, depending on their positions, 
R - J=ID signal 
indicate the name of a signal or the logical 
t 
- Time 


status of that signal. The designations are: 
V - 
Valid 


A - 
Address 
W- 
WFl signal 


C - 
Clock 
X - 
No longer a valid logic level 


D - 
Input data 
Z - 
Float 


H - 
Logic level high 
Examples: 
tAvLL= Time for address valid to 


I - 
Instruction (program memory contents) 
ALE low. 
L - 
Logic level low, or ALE 
tLLPL= Time for ALE low to 
l'SEN low. 


r- IXLXL-1 


I 
-I rlXHQX 
I 
taVXH ~ 


INPUT 
DATA 
~' 


CLEAR 
RI 


VC~·5 
- - -- 


O.7VCC 


O.45V 
O.2VC~.1 


VC~5=X 
>C 


o 2VCC+O 
9 


o 45V 
._O_2_V-,C,,~,-_' 
~ 


TIMING 


REFERENCE 
POINTS 


NOTE: 


AC inputs during 
testing 
are driven 
at VCC 
-0.5 
for a logic '1' and O.45V for a logic '0'. 


Timing 
measurements 
are made 
at VtH min for a logic '1' and VIL for a logic '0'. 


NOTE: 


For timing 
purposes, 
a port is no longer 
floating 
when a l00mV 
change 
from 
load 


voltage 
occurs, 
and begins 
lofloal 
when a l00mV 
change 
from the loaded Vol-+' 


VOL 
level occurs. 
loHfloL 
~ ±.2QmA. 


Figure 12. lee vs. FREQ 
Valid only within frequency specifications 
of the device under test 


Figure 13. 
Icc Test Condition, 
Active Mode 
All other pins are disconnected 
Figure 14. 
Icc Test Condition, 
Idle Mode 
All other pins are disconnected 


VCC-O·5 
- 
- 
- 
- 


O.7VCC 
0.45V 
o.2VCC-O.1 


lcHCL- 


Figure 15. 
Clock Signal Waveform 
for Icc Tests in Active and Idle Modes 


tCLCH = tCHCL = 5ns 


Figure 16. 
Icc Test Condition, 
Power Down Mode 
All other pins are disconnected. 
Vcc = 2V to 5.5V 


EPROM CHARACTERISTICS 
The 87C52 is programmed by using a 
modified Quick-Pulse Programming'" 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEfF'ROO pulses. 


The 87C52 contains two signature bytes that 
can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C52 manufactured by Philips. 


Table 6 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the security bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 17 and 18. Figure 19 shows 
the circuit configuration for normal program 
memory verification. 


Quick-Pulse 
Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 17. Note that 
the 87C52 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 


The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 17. The code byte to be 
programmed into that location is applied to 
port O.RST, J5SEIII and pins of ports 2 and 3 
specified in Table 6 are held at the 'Program 
Code Data' levels indicated in Table 6. The 
ALEfF'ROO is pulsed low 25 times as shown 
in Figure 18. 


To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 1FH, using Ihe 'Pgm 
Encryption Table' levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 


To program the security bits, repeat the 25 
pulse programming sequence using the 'Pgm 
Security Bit' levels. After one security bit is 
programmed, further programming of the 
code memory and encryption table is 
disabled. However, the other security bit can 
still be programmed. 


Note that the 'CliNpp pin must not be allowed 
to go above the maximum specified Vpp levei 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 


Program Verification 
If security bit 2 has not been programmed, 
the on-chip program memory can be read out 
for program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 19. The other pins are held at the 
'Verify Code Data' levels indicated in Table 6. 
The contents of the address location will be 
emitted on port O.Ex1ernal pull-ups are 
required on port 0 for this operation. 


If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 
The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031H, except that P3.6 
and P3.7 need to be pUlled to a logic low. The 
values are: 
(030H) = 
15H indicates manufactured by 
Philips 
(031H) = 97H indicates 87C52 


ProgramlVerify 
Algorithms 
Any algorithm in agreement with the 
conditions listed in Table 6, and which 
satisfies the timing specifications, is suitable. 


Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary 
effects, 
it 
is recommended 
that an opaque label be 
placed over the window. 
For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-s1cm2. Exposing the EPROM to an 
ultraviolet lamp of 12,OOO~W/cm2 
rating for 


20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 


Erasure leaves the array in an all1s state. 


MODE 
RST 
J5SEIII 
ALEIPROG 
~pp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program code data 
1 
0 
O' 
Vpp 
1 
0 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 


Pgm encryption table 
1 
0 
O' 
Vpp 
1 
0 
1 
0 


Pgm security bit 1 
1 
0 
O' 
Vpp 
1 
1 
1 
1 


Pgm security bit 2 
1 
0 
O' 
Vpp 
1 
1 
0 
0 


NOTES. 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 
2. Vpp = 12.75V ±O.25V. 
3. Vcc = 5V±10% during programmin9 and verification. 
4. 'ALEfF'ROO receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 100~s (±10~) 
and high for a 
minimum of 1O~s. 


Vcc 


P' 
PO 


AST 
EiWpp 


P3.6 
ALEII'ROG 


P3.7 
87C52 
PSrn 


XTAL2 
P2.7 


P2.6 


XTAL1 
P2.~P2.4 


VSS 


25 PULSES -------------~_I 
c' 


, 
101lsMIN -1 1------ 
100JtS±10 ------1 


OI 
n~ 
1L_ 


Vcc 


P' 
PO 


AST 
EiWpp 


P3.6 
ALEII'ROG 


P3.7 
87C52 
PSrn 


XTAL2 
P2.7 


P2.6 


XTAL1 
P2.~P2.4 


VSS 


EPROM PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb = 21°C 
to +27°C, 
VCC = 5V±10%, 
VSS = OV (See 
Figure 
20) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply 
current 
50 
mA 


1!tcLCL 
Oscillator 
frequency 
4 
6 
MHz 


tAVGL 
Address 
setup 
to J5J1OG 
low 
48lcLCL 


'aHAX 
Address 
hold 
after J5J1OG 
48lcLCL 


tDVGL 
Data 
setup 
to J5J1OG low 
48lcLCL 


'aHDX 
Data 
hold after J5J1OG 
48lcLCL 


tEHSH 
P2.7 (EW\B[E) 
high to Vpp 
48lcLCL 


tSHGL 
Vpp 
setup 
to J5J1OG low 
10 
Ils 


'aHSL 
Vpp 
hold 
after J5J1OG 
10 
Ils 


'aLGH 
J5J1OG width 
90 
110 
IlS 


tAVOV 
Address 
to data 
valid 
48lcLCL 


tELOZ 
EiIABCE low to data 
valid 
48lcLCL 


tEHOZ 
Data 
float 
after EiIABCE 
0 
48lcLCL 


'aHGL 
J5J1OG high 
to J5J1OG low 
10 
Ils 


PROGRAMMING'" 
VERIFICATION* 


P1.o-P1.7 
ADDRESS 
ADDRESS 
P2.~.4 


tAVOV 


PORTO 
DATA IN 
DATAOUT 


'aHDX 
'aHAX 


DESCRIPTION 
The Microcontroller for Television and Video 
(MTV) applications is a derivative of Philips' 
industry-standard 80C51 microcontroller that 
is intended for use as the central control 
mechanism in a television receiver or tuner. 
Providing tuner functions and an On Screen 
Display facility, it represents a 
next-generation replacement for the currently 
available parts. 


The MTV is available in either a 16K masked 
ROM, or a 16K One Time Programmable 
(OTP) EPROM version. 


FEATURES 


.16384 
x 8 masked ROM (83C055), or 
16384 x 8 OTPIEPROM (87C055) 


.256 
x8 RAM 


• On Screen Display (08D) Controller 


• Three digital video outputs 


• Multiplexer/mixer and background intensity 
controls 


• Flexible formatting with OSD New Line 
Option 


.128 
x 10 display RAM 


• Designed for reduced RFI (Radio 
Frequency Interference) 


• 60 x 18 x 14 character generator ROM 


• Eight text-shadowing modes 


• Text color selectable per character 


• Background color selectable per word 


• Background color vs. video selectable per 


character 


• Eight 6-bit pulse width modulators for 


analog voltage integration 


• One 14-bit PWM for high-precision voltage 


integration 


• D/A converter and comparator with 


three-input multiplexer 


• Nine dedicated I/Os plus 28 port bits 


• 15 port bits have alternate uses 


• Four high-current open-drain port outputs 


• 12 high-voltage (+12V) open drain outputs 


• Programmable video input and output 


polarities 


• 80C51 instruction set 


• No external memory capability 


• 42-pin shrink Dual In-Line Package 
(0.07-inch center pins) 


• High-speed CMOS technology 


• 5V ± 10% operation 


VppfTDAC/PO.O 
1 


PROGIPWM1/PO.1 
2 


PWM3IPO.3 
4 


PWM4/PO.4 
5 


PWM6IPO.6 
7 


PWM7/PO,7 
8 


VCTRL 


VtD2 


TEMPERATURE RANGE ·C 
FREQUENCY 
DRAWING 
ROM 
EPROM 
AND PACKAGE 
MHz 
NUMBER 


P83C055BBP 
NB 
P87C055BBP NB 
o to +70, 42-Pin Plastic Dual In-Line Package 
3.5 to 12 
1680 


FIXED 
INTERNAL 
REGISTERS 
A, B, PSW, 
PC,DP,SP 


I{OPORT 
LATCHES. 
DRIVERS, 


RECEIVERS 


PULSE 
WIDTH 
MODULATORS: 


ONE 
14-81T 
EIGHT 
6-81T 


SOFTWARE 
CONTROLLER 
NO 


ON-SCREEN 


DISPLAY 
FACILITY 


DISPLAY 
RAM 
128 x 10 


CHARACTER 
GEN 
ROM 
6Ox18x14 


PIN NO. 


MNEMONIC 
DIP 
TYPE 
NAME AND FUNCTION 


VCLK1 
28 
I 
Video Clock 1: Input for the horizontal timing reference for the On Screen Display facility. VCLK1 
and VCLK2 are intended to be used with an external LC circuit to provide an on-chip oscillator. 
The period of the video clock is determined such that the width of a pixel in the On Screen Display 
is equal to the inter-line separation of the raster. 


VCLK2 
29 
0 
Video Clock 2: Output from the on-chip video oscillator. 


HSYNC 
26 
I 
Horizontal 
Sync: A dedicated input for a TIL-Ievel 
version of the horizontal sync pulse. The 


polarity of this pulse is programmable; its trailing edge is used by the On Screen Display facility as 
the reference for horizontal positioning. 


VSYNC 
27 
I 
Vertical Sync: A dedicated input for a TTL-Ievei version of the vertical sync pulse. The polarity of 
this pulse is programmable, and either edge can serve as the reference for vertical timing. 


VID2:0 
22-24 
0 
Digital Video bus: Three totem pole outputs comprising digital RGB (or other color encoding) 
from the On Screen Display facility. The polarity of these outputs is controlled by a programmable 
register bit. 


VCTRL 
25 
0 
Video Control: 
A totem-pole output indicating whether the On Screen Display facility is currently 
presenting active video on the VID2:0 outputs. This signal should be used to control an external 
multiplexer (mixer) between normal video and the video derived from VID2:0. The polarity of this 
outputs is controlled by a programmable register bit. 


BF 
30 
0 
Background/Foreground: 
A totem-pole output which, when VCTRL is active, indicates whether 
the current video data represents a foreground (low) or background (high) dot in a character. This 
signal can be used to reduce the intensity of the background color and thus emphasize the text. If 
a 40-pin version of this part is ever produced, BF will not be pinned out. 


PO.0-PO.7 
1-8 
I/O 
Port 0: An 8-bit open-drain bidirectional port. Port 0 pins that have ones written to them float, and 
in that state can be used as high-impedance inputs. The port 0 pins can also serve as outputs 
from the high-precision Pulse Width Modulator (TDAC) and seven of the eight lower-precision 
Pulse Width Modulator functions. For each PWM block, a register bit controls whether the 
corresponding pin is controlled by the block or by port 0; port 0 controls the pin immediately after 
a Reset. Regardless of how each pin is controlled, it can be externally pulled up as high as 
+12V±5%, and the state of the pin can be read from the Port 0 register by the program. 


1 
I 
Vpp (PO.O)- This pin receives the 12V programming supply voltage during EPROM 
programming. 


2 
I 
PROG (PO.1)- This pin receives the programming pulses during EPROM programming. 


3 
I 
ASEl 
(PO.2) - Input which indicates which bits of the EPROM address are applied to port 2. 


1 
0 
TDAC (PO.O)- This is the output for the 14-bit high-precision PWM. 
2-8 
0 
PWM1-7 (PO.1-PO.7) -Outputs 
for the 6-bit PWMs 1 through 7. 


P1.0-P1.3 
9-12 
I/O 
Port 1: A 4-bit open-drain bidirection port. Port 1 pins that have ones written to them float, and in 
that state can be used as high-impedance inputs. P1.3 can also serve as the eighth 
lower-precision Pulse Width Modulator output (PWMO), and can be externally pulled up as high as 
+12V±5%. P1.2:0 have optional alternate use as ADi2:0, inputs to the Software AID conversion 
facility. If a 40-pin version of this part is ever produced, P1.3/PWMO will not be pinned out. 


Any of the port 1 pins are driven low if the corresponding port register bit is written as 0, or, for 
P1.3 only, if the TDAC module presents a o. The state of the pin can always be read from the port 
register by the program. 
9-11 
I 
ADI0-2 (P1.o-P1.2) - Inputs for the software AID facility. 
12 
0 
PWMO (P1.3) - Output for the PWMO 6-bit PWM. 


P2.0-P2.7 
20-13 
I/O 
Port 2: An 8-bit open-drain bidirectional port. Port 2 pins that have ones written to them float, and 
in that state can be used as high-impedance inputs. P2.3:0 have high current capability (10 mA at 
0.5V) for LEDs. 


Any of the port 2 pins are driven low if the port register bit is written as o. The state of the pin can 
always be read from the port register by the program. 


P3.0-P3.7 
34-42 
I/O 
Port 3: An 8-bit open-drain bidirectional port. Port 3 pins that have ones written to them float, and in 
that state can be used as high-impedance inputs. P3.0, P3.4, and P3.7 can be externally pulled up 
as high as +12V±5%, while P3.5 and P3.6 have 10mA drive capability. Some of the port 3 pins can 
also serve alternate functions, as follows: 


35 
I 
INT1 (P3.1) - External Interrupt 1. 
36 
I 
TO (P3.2) - Timer 0 external input. 


37 
I 
INTO (P3.3) - External Interrupt O. 


PIN NO. 


MNEMONIC 
DIP 
TYPE 
NAME AND FUNCTION 


RST 
33 
I 
Reset: If this pin is high for two machine cycles (24 oscillator periods) while the oscillator is running, 
the MTV is reset. Also, this pin is used as a serial input to enter a test or EPROM programming mode, 
as on the 87C751. 


XTAL1 
31 
I 
Crystal 1: Input to the inverting oscillator amplifier and clock generator circuit that provides the timing 
reference for all MTV logic other than the OSD facility. XTAL1 and XTAL2 can be used with a quartz 
crystal or ceramic resonator to provide an on-chip oscillator. Alternatively, XTAL 1 can be connected 
to an external clock, and XTAL2 left unconnected. 


XTAL2 
32 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


Vcc 
I 
Power Supply: This is the power supply for normal and power-down modes. 


Vss 
I 
Ground: 
OV reference. 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 
RESET VALUE 
ADDRESS 
MSB 
LSB 


ACC- 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


B- 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR 
Data pointer (2 by- 
tes) 


DPH 
Data pointer high 
83H 
OOH 


DPL 
Data pointer low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE- 
Interrupt enable 
A8H 
EA 
- 
- 
I EVS 
ET1 I EX1 
ETO I 
EXO 
OxOOOOOOB 


OSAD 
On-screen address 
9A 


OSAT- 
On-screen attributes 
98 


OSDT 
On-screen data 
99 
C7 
C6 
C5 
C4 
C3 
C2 
C1 
CO 


OSCOW 
On-screen display 
CO 
Iv 
Pv 
Lv 
Ph 
Pc 
Po 
DH 
BFe 
control 


OSMOD 
On-screen display 
C1 
We 
- 
Mode 
Mode 
- 
SHM2 
SHM1 
SHMO 
mode 
1 
0 


OSORG 
On-screen display 
C2 
HS4 
HS3 
HS2 
HS1 
HSO 
VS2 
VS1 
VSO 
origin 


87 
86 
85 
84 
83 
82 
81 
80 


PO- 
PortO 
80H 
PWM71 PWM6 
PWM5 
PWM41 PWM3 
PWM21 
PWM1 
TDAC 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 
P1- 
Port 1 
90H 
- 
I - 
- 
- 
IpWMO 
ADI2 I ADI1 
ADIO 
FFH 


P2- 
Port 2 
AOH 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


P3- 
Port 3 
BOH 
- 
I 
- 
- 
- 
I Jl\ITO 
TO 
I fIIlTf 
- 
FFH 


PCON 
Power control 
87H 
- 
- 
- 
- 
I GF1 
GFO I 
PO 
OxxxxxxxB 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 
RESET VALUE 
ADDRESS 
MSB 
LSB 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


PSW- 
Program status word 
DOH 
CY I 
AC 
I 
FO I RS1 I RSO I 
OV 
I 
- 
I 
P 
OOH 


PWMO 
Lo-res pulse width 
D4 
modulators 


PWM1 
Lo-res pulse width 
D5 


modulators 


PWM2 
Lo-res pulse width 
D6 
modulators 


PWM3 
Lo-res pulse width 
D7 


modulators 


PWM4 
Lo-res pulse width 
DC 


modulators 


PWM5 
Lo-res pulse width 
DD 


modulators 


PWM6 
Lo-res pulse width 
DE 


modulators 


PWM7 
Lo-res pulse width 
DF 


modulators 


DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 


SAD- 
DfA and voltage 
D8 
VHi I 
CH1 I CHO I 
St I SAD3 I SAD2 I SAD1 I SADO 
comparator 


SP 
Stack pointer 
81H 
07H 


TDACH 
Hi-res pulse width 
D3 
modulators 


TDACL 
Hi-res puise width 
D2 


modulators 


8F 
8E 
8D 
8C 
8B 
8A 
89 
88 


TCOW 
Timer control 
88H 
TF1 
I TR1 I TFO I TRO I 
IE1 
I 
IT1 
I 
IEO I 
ITO 


THO 
Timer high 0 
8CH 
OOH 


TH1 
Timer high 1 
8DH 
OOH 


TLO 
Timer low 0 
8AH 
OOH 


TL1 
Timer low 1 
8BH 
OOH 


TMOD 
Timer mode 
89H 
GATE I 
CIT 
I 
M1 
I 
MO I GATE I 
CIT 
I 
M1 
I 
MO 
OOH 


ROM CODE SUBMISSION 
When submitting a ROM code for the 
83C055, the following must be specified: 
1. The 16k byte user ROM program. 


2. The OSD ROM space. 


ROM CODE SUBMITTAL 
REQUIREMENTS 


This information can be submitted in an 
87C055, or in two EPROMs (2764), or 
electronically on the ROM Code Bulletin 
Board (see your local sales office for the 
number). 


ADDRESS 
CONTENT 
COMMENT 


OOOHto 
3FFFH 
DATA 
User ROM data 


(83C055) 


COOOHto 
On-Screen 


CFFFH 
OSD 
Display 


character table 


PROGRAMMING 
THE OSD 


EPROM 


Overview 
The OSD EPROM space starts at location 
COOOHand ends at location CFFFH. 
However, not all locations within this space 
are used, due to the addressing scheme of 
the OSD. 


The start location of the next character can 
be calculated by adding 40H to the start 
location of the previous character. For 
example, character #1 starts at COOOH;then 
characters 2, 3, and 4 start at C040H, 
C080H, and COCOH,respectively. 


Character 
Description 


Each character is 14 bits wide by 18 lines 
high. 


A character is split about a vertical axis into 
two sections, UPPER and LOWER. Each 
section contains 7 bits of the character, such 


NOTE: 
During programming and verification, 
each section is programmed using 
bytes of DATA. The MSB of the 
DATA is not used; however, the MSB 
location physically exists, and so will 
program and verify. 


The LOWER section of the character is 
programmed when the LSB of the program 
address equals 0, and the UPPER section 
when the LSB equals 1. 


Character 
Programming 


An example of an OSD character bit map, 
and the program DATA to obtain that 
character is shown in Table 2. 


OSD EPROM Bit Map 
The mapping for the full OSD EPROM is 
shown in Table 3. 


Example 
To program the character given above into 
the first character location of the OSD 
EPROM would require the following 
address/DATA sequence: 


COOO/OOH; 
C003/00H; 
C006/0CH; 
C009/1 EH; 
COOC/OCH; 
COOF/1EH; 
C012/7CH; 
C015/1FH; 
C018/0CH; 
C01B/1EH; 
C01E10CH; 
C021/00H; 


C001/00H; 
C004/0CH; 
C007/1EH; 
COOAlOCH; 
COOD/1EH; 
C010/7CH; 
C013/1FH; 
C016/0CH; 
C019/1EH; 
C01C/OCH; 
C01F/1EH; 
C022/00H; 


C002l00H; 
C005/1EH; 
C008/OCH; 
COOB/1EH; 
COOE/OCH; 
C011/1FH; 
C014/7CH; 
C017/1EH; 
C01A10CH; 
C01D/1EH; 
C020/00H; 
C023/00H 


CHARACTER 
BIT MAP 
PROGRAM DATA 


UPPER 
LOWER 
UPPER 
LOWER 


<----- 
---'I<----- 
---'I 


11111 
43210987654321 


Line 1 
---'I 
00000000000000 
XOOOOOOO 
XOOOOOOO 


Line 2 
---'I 
00000000000000 
XOOOOOOO 
XOOOOOOO 
Line 3 
---'I 


00111100001100 
XOO 1111 
0 
XOO01100 
Line 4 
---'I 
Line 5 
---'I 
00111100001100 
XOO 11110 
XOO01100 
Line 6 
---'I 
00111100001100 
XOO 11110 
XOO01100 
Line 7 
---'I 
00111100001100 
XOO 11110 
XOO01100 
Line 8 
---'I 
Line 9 
---'I 
00111100001100 
XOO 11110 
XOO01100 
Line 10 
---'I 
00111100001100 
XOO 11110 
XOO01100 


Line 11 
---'I 
00111111111100 
XOO 11111 
X1111101 
Line 12 
---'I 


Line 13 
---'I 
00111111111100 
XOO 11111 
X1111101 


Line 14 
---'I 
00111111111100 
XOO 11111 
X1111101 


Line 15 
---'I 
00111100001100 
XOO 11110 
XOO01100 
Line 16 
---'I 


00111100001100 
XOO 11110 
Line 17 
---'I 
XOO01100 


Line 18 
---'I 
00111100001100 
XOO 11110 
XOO01100 


00111100001100 
XOO 1111 
0 
XOO01100 


00111100001100 
XOO 1111 
0 
XOO01100 


00000000000000 
XOOOOOOO 
XOOOOOOO 


00000000000000 
XOOOOOOO 
XOOOOOOO 


NOTE: 
X can be 0 or 1, and will program and verify correctly. 


CHARACTER NO. 
ADDRESS 
CHARACTER LINE NO. 
COMMENTS 


1 
COOO 
1 
Lower byte 
COOl 
1 
Upper byte 
C002 
2 
Lower byte 
C003 
2 
Upper byte 
· 
· 
· 
· 
· 
· 
· 
· 
· 
C022 
lB 
Lower byte 
C023 
lB 
Upper byte 
C024-C03F 
Unused 


2 
C04D-C063 
l-lB 


C064-C07F 
Unused 


3 
COBD-COA3 
l-lB 


COA4-COBF 
Unused 


· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
62 
CFCD-CFE3 
l-lB 
NEWLINE 
CFE4-CFFF 
Unused 


63 
CFCD-CFE3 
l-lB 
BSPACE 
CFE4-GFFF 
Unused 


64 
CFCD-CFE3 
l-lB 
. 
SPLlTBSPACE 
CFE4-CFFF 
Unused 
. 


COMPARISON 
TO THE SOC51 
The elements of the MTV are shown in the 
Block Diagram. The features of the MTV are 
identical to those of the BOCS1,except as 
noted herein. 


Pinout and Testing 
Since neither data nor program memory is 
externally expandable on the MTV, the 
BOCSl pins ALE, EA, and ~ 
are not 
implemented on the MTV. 


I/O Ports 
On both the BOCSl and the MTV, port 0 is 
open-drain, but on the BOCSl it can be used 
for external memory expansion while on the 
MTV its alternate use is for Pulse Width 
Modulated outputs. 


On the BOCS1,port 1 is B bits, is mostly 
unallocated (general purpose), and is 
quasi-bidirectional (that is, having a weak 
pullup transistor that can be overdriven). On 
the MTV it is a 4-bit open-drain port, and 
includes altemate uses for analog inputs and 
a PWM output. 


On the BOCSl, port 2 is quasi-bidirectional 
and can be used for external memory 
expansion; on the MTV, port 2 is open-drain 
and unallocated. 


On the BOCS1,port 3 is quasi-bidirectional 
and all eight bits have alternate uses. On the 


MTV, three port 3 bits have some of the same 
alternate uses as on the BOCSl but not 
necessarily on the same pins, while five pins 
are open-drain and unallocated. 


Idle Mode 
The idle mode is not implemented on the 
MTV. 


Power-Down 
Mode 
The power-down mode is not implemented 
on the MTV. The PCON register has the 
following format 


PCON 


7 


1-1-1-1-IGFlIGFOI- 
-I 


Interrupts 
The interrupt facilities of the MTV differ from 
those of the BOCSl as follows; 
1. Since there is no serial port, there are no 
interrupts nor control bits relating to this 
interrupt. The interrupts and their vector 
addresses are as follows: 


Program 
Memory 
Address 


000 
003 
OOB 
013 
01B 
023 


Event 
Reset 
External INTO 
Timer 0 
External INTl 
Timer 1 
VSync Start 


2. The VSYNC input used by the On Screen 


Display facility can generate an interrupt. 
The active polarity of the pulse is 
programmable, as described in a later 
section. The interrupt occurs at the 
leading edge of the pulse. 


3. 
External Interrupt 1 is modified so that an 
interrupt is generated when the input 
switches in either direction (on the BOS1, 
there is a programmable choice between 
interrupt on a negative edge or a low level 
on INT1). This facility allows for software 
pulse-width measurement handling of a 
remote control. 


4. The IP register is not used, and the IE 


register is similar to that on the BOCSl: 


IE 
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4 
3 
2 
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Six-Bit PWM DACs 
The structure of these modules is shown in 
Figure 2. First. the basic MCU clock is 
divided by 4 to get a waveform that clocks a 
6-bit counter which is common to all the 
PWMs. including the 14-bit one. This divided 
clock is hereafter called the PWM counter 
clock. 


Each PWM block has a special function 
register PWMn arranged as follows: 


PWMo-PWM7 


7653210 


I PWE I - 
I PV5 I pv. 
I pva 
I PV2 
I PVl 
I PVO 


If the PWE bit for a particular PWM block is 1, 
the block is active and controls its assigned 
port pin; if PWE is a the corresponding port 
pin is controlled by the port. The "value" field 
(PV5 ... pya) of each PWM register is 
compared to (the lS 6 bits of) the common 
counter. When the value matches. the output 
FF is cleared. so that the output pin is driven 
low. When the value rolls over to zero, the 
output FF is set, so that the output pin is 
released. Thus the output waveform has a 
fixed period of 64 PWM counter clocks; its 
duty cycle is determined by PWMn.5:0. 


Three of the nine total PWMs operate as 
described above; for three others, both the 
rising and falling edges of the output are 
delayed by one PWM clock; for the remaining 
three, both edges are delayed by two PWM 
clocks. This feature reduces the 
radio-frequency emission that would 
otherwise occur when the counter rolled over 
to zero and all nine open-drain outputs were 
released. 


14-Bit PWM DAC (TDAC) 
This feature was partially described in the 
preceding section. As shown in Figure 4, the 
6-bit counter used for the lower precision 
PWMs is in fact the least significant part of a 
14-bit counter used for this facility. The nature 
of the counter is such that it can achieve a 
stable output value through its MSB, and the 
value can propagate through logic like that 
shown in Figure 4. and the logic output can 
be stable within one period of the PWM 
counter clock (e.g., 250 ns) if edge-triggered 
logic is used to capture the logic output, or 
within one phase of the PWM counter clock 
(e.g., 125 ns) if a phase of the PWM counter 
clock is used to capture the logic output. For 
cost and die-size reasons, it is preferable that 
the TDAC counter be a ripple counter. 


This feature is controlled by two special 
function registers: 


TDACL 


76543210 
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TOACH 
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When software wishes to change the 14-bit 
value (TDO- TD13). it should first write 
TDACl 
and then write TDACH. Alternatively. 


if the required precision of the duty cycle is 
satisfied by 6 bits or less, software can 
simply write TDACH. Note from Figure 4 that 
this block includes an "extra" 14-bit latch 
between TDACUH and the comparator and 
other logic. The programmed value is clocked 
into the operative latch when the 7 low-order 
bits of the counter roll over to zero. provided 
that the software is not in the midst of loading 
a new 14-bit value (that is. it is not between 
writing TDACl 
and writing TDACH). 


In a similar fashion to the lower-precision 
PWMs, this facility has an output FF that is 
set when the lower 7 bits of the counter 
overflow/wrap. The more significant 7 bits of 
the operative latch's programmed value are 
compared for equality against the less 
significant 7 bits of the counter, and the 
output FF is cleared when they match. Thus 
this output has a fixed period of 128 PWM 
counter clocks, and the duty cycle is 
determined by the programmed value. 


For the higher-precision aspect of this 
feature. the 7 more-significant bits of the 
counter are used in a iogic block with the 7 
less-significant bits of the programmed value. 
The 7th lSB (binary value 64) of the 
programmed value is ANDed with the 7th 
MSB (128) of the counter, the 6th lSB of the 
value is ANDed with the counter's 6th and 
7th MSBs being 10. and so on through the 
lSB of the programmed value being ANDed 
with the counter's 7MSBs being 100000. 
Then these 7 ANDed terms are ORed. If the 
result is true/1 at the time the 7 lSBs of the 
counter match the MSBs of the programmed 
value, the output is forced high for 1 
(additional) PWM counter clock. 


The result is that, if the value-64 bif of the 
14-bit value is programmed to 1, every other 
cycle of 128 PWM counter clocks has its duty 
cycle stretched by one counter clock; if the 
value-32 bit is programmed to 1. every 4th 
cycle is stretched, and so on through, if the 
value-1 bit is programmed to 1. one cycle out 
of each 128 is stretched. 


Assuming the external integrator can handle 
all this, the net effect is a PWM DAC that has 
the period of a 7-bit design (which makes the 
integrator easier and more feasible to design) 
with the accuracy of a 14-bit one. There is 
some question whether all of the least 
significant bits can be effectively integrated. 
or whether they simply act as a source of 


ripple in the integrated voltage. An obvious 
prerequisite for such precision is that the load 
on the voltage must be very light, like a single 
op amp or comparator. 


The TDAC feature differs from the 
corresponding features of predecessor parts 
in several ways: 
1. The 14-bit value is functionally composed 
of major and minor portions of 7 bits each. 


2. The 14-bit value is programmed as a 
contiguous multi-register value that can 
be manipulated straight-forwardly via 
arithmetic instructions. 


3. As discussed for the 6-bit DACs, both of 
the preceding parts had a feature 
whereby the PWM output could be 
inverted, redundantly with complementing 
the 14-bit value. This feature has been 
eliminated. 


Software 
AID Facility 


This facility is shown in Figure 5. It 
represents an alternate use whereby any of 
the P1.0 through P1.2 pins can be selected 
as one input of a linear voltage comparator. 
The block includes one special function 
register: 


SAD 
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2 
1 
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As shown in Figure 5 the other input of the 
comparator is connected to a 4-bit D/A that is 
controlled by the 4 lSBs of the SAD register, 
producing a reference voltage nominally 
0.15625V to 4.84375V by steps of 0.3125V. 
The output of the comparator (high/low) can 
be read by the program as the MSB of the 
register. which is bit addressable. 


The St bit should be written as 1 in order to 
initiate a voltage comparison. After writing 
St=1. the program should include intervening 
instructions totalling at least six machine 
cycles (72 ClK periods or 6 microseconds at 
12MHz), before the instruction that accesses 
and tests VHi. 


The chan field controls which pin, if any, is 
connected to this facility: 
CH1 
CHO 
pin 


o 
0 
none 
a 
1 
P1.0 
1 
0 
P1.1 
1 
1 
P1.2 


Port 1 has open-drain drivers which will not 
materially affect an analog voltage as long as 
any and all pins used for software ND 
measurement 
have corresponding 
ones 
in 
the port register. 


SPECIAL 
FUNCTION 
REGISTERS 


ADDRESS TYPE 


DIRECT 
BIT 
REGISTER 
USE 


00-07 
RO-R7 
On-chip RAM (RO-7 if PSWA-3 = 00) 


08-0F 
RO-R7 
On-chip RAM (RO-7 if PSWA-3 = 01) 
10-17 
RO-R7 
On-chip RAM (RO-7 if PSWA-3 = 10) 
18-1F 
RO-R7 
On-chip RAM (RO-7 if PSW.4-3 = 11) 


20 
07-00 
On-chip RAM 


21-2E 
77-08 
On-chip RAM 


2F 
7F-78 
On-chip RAM 


30-7F 
On-chip RAM 


80 
87-80 
PO 
PortO 


81 
SP 
Stack Pointer 


82 
DPL 
Data Pointer LSBVTE 


83 
DPH 
Data Pointer MSBVTE 


87 
PCON 
Power Controi 
88 
8F-88 
TCON 
Timer Control 


89 
TMOD 
Timer Mode 


8A 
TLO 
Timer 0 LSBYTE 


8B 
TL1 
Timer 1 LSBYTE 


8C 
THO 
Timer 0 MSBVTE 


8D 
TH1 
Timer 1 MSBVTE 


90 
97-90 
P1 
Port 1 


98 
9F-98 
OSAT 
On Screen Attributes 


99 
OSDT 
On Screen Data 


9A 
OSAD 
On Screen Address 


AO 
A7-AO 
P2 
Port 2 
A8 
AF-A8 
IE 
Interrupt Enable 


BO 
B7-BO 
P3 
Port 3 


CO 
C7-CO 
OSCON 
On Screen Display Control 


C1 
OSMOD 
On Screen Display Mode 


C2 
OSORG 
On Screen Display Origin 


C3 
RAMCHR 
For Test Use Only 


C4 
RAMAn 
For Test Use Only 
DO 
D7-DO 
PSW 
Program Status Word 


D2 
TDACL 
Hi-Res Pulse Width Modulator 


D3 
TDACH 
Hi-Res Pulse Width Modulator 


D4-D7 
PWMO-3 
Lo-Res Pulse Width Modulators 
D8 
DF-D8 
SAD 
D/A and Voltage Comparator 
DC-DF 
PWM4-7 
Lo-Res Pulse Width Modulators 
EO 
E7-EO 
A 
Accumulator 
FO 
F7-FO 
B 
B Register 


ON-CHIP 
RAM 
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On Screen 
Display (050) 
Module 
Figure 3 is a conceptual drawing of the OSD 
block on the 8XC053/54/55. 


It shows the CPU writing into the 128 x 10 
display RAM, which is dual-ported to allow 
the CPU to write into it at any time, including 
when it is being read out by the OSD logic. 
The 1O-bit wide data coming out of the 
display RAM is used to access the 
appropriate character in the Character 
Generator memory (6-bits) and to specify 
character and display control functions 
(4-bits). TIming for the OSD is controlled by 
the HSYNC, VSYNC, and dot clock inputs. 


The 8XC053154/55 
features an advanced 
OSD function with some unique features: 
1. User-definable display format: The OSD 
does not restnct the user to a fixed 
number of lines with a fixed number of 
characters per line as other competing 
altematives do. 


Using a fixed number of lines restricts the 
generation of displays that can be 
differentiated from others that use the 


same chip and places limits on screen 
content. 


Using a fixed number of characters per 
line wastes display RAM if a line has less 
than the full number of displayable 
characters (it has to be padded with 
non-visible characters). 


The OSD on the 8XC053154/55 
defines a 


control character (New Line) that has the 
same function as a Carriage Return and 
Line Feed. When the OSD circuitry 
fetches this character from display RAM it 
stops displaying further characters, waits 
for the next horizontal scan line, and 
starts displaying the next character in 
display RAM after the New Line character 
was received. The number of lines is thus 
up to the user. within the limits of the 
display and memory, as are the number of 
characters per line. This allows far better 
control of the appearance of the On 
Screen Display. 


2. 
Dual-Ported Display RAM: The OSD has 
a true display RAM instead of a character 
line buffer. This display RAM is dual 
ported to allow updating the display RAM 
at any time instead of having to wait for a 
vertical retrace. Vertical Sync interrupts 
are supported if flicker-free updates are 
required. 


3. 
Colors selectable by character: 
Characters can be displayed on a 
background of the base video or a 
programmable background color. The 
background color is selectable by word 
and the choice of background (base 
video/user programmed color) by 
character. 


4. 
Programmable character size: Normal 
characters are displayed as 18 x 14 
bit-maps. In an interlaced display, 2 fields 
are displayed so that one actually sees a 


36 x 14 pixel size character. 
The 
part has 


a double height and width mode which 


displays 36 x 28 pixel size bit maps per 
field. For use in non-interlaced systems, 
the part has a double height mode so that 
the displayed characters have the same 
pixel size (36 x 14) as on an interlaced 
display. 


5. 
Character shadowing: When characters 
are displayed overlaid on a background of 
base video, a black border around the 
characters makes them highly legible. 
This feature is called shadowing. The 
8XC053/54/55 has 8 shadowing modes to 
allow the user to select various partial 
shadow modes as well as full surround 
shadow. 


6. Short Rows: This mode only displays 4 
horizontal lines. it is used for generating 
underlines. 


7. 
Programmable polarities: Inputs to the 
OSD can be programmed to be 
recognized as Active-LOW or 
Active-HIGH, also the outputs from the 
OSD. Coupled with the 12V outputs, this 
allows direct interfacing to most video 
signal processing circuits. 


8. 
Programmable horizontal and vertical 
positions: A pair of registers allow defining 
the starting point of the display. 


9. 
HSYNC locked dot-clock oscillator: The 
chip is designed to use an L-C oscillator 
circuit that is started at the trailing edge of 
HSYNC and stopped at its leading edge. 
In practice, this gives a highly consistent 
delay from HSYNC to oscillator start and 
is stable from scan line to scan line so 
that no left margin effects are seen. 


10. Character Generator memory in EPROM: 
On the 87C054/55, the Character 
Generator memory is in EPROM. This 
feature allows quick and Inexpensive font 
development and refinement against the 
alternative of doing a masked ROM 
version to see how the final fonts will 
appear. 


This block is the largest of the additions that 
are specific to this product. Its basic function 
is to superimpose text on the television video 
image, to indicate various parameters and 
settings of the receiver or tuner. External 
circuitry handles the mixing (multiplexing) of 
the text and the TV video. 


CHARACTER 
GENERATOR 
ADDRESS 
lOGIC 


The overall OSD block has four input pins: 
two for a video clock, plus the horizontal and 
vertical sync signals. The video clock pins 
are used to connect an LC circuit to an 
on-chip video oscillator that is independent of 
the normal MCU clock. The Land C values 
are chosen so that a video pulse, of a 
duration equal to the VCLK period, will 
produce a more-or-Iess square dot on the 
screen, that is, a dot having a width 
approximately equal to the vertical distance 
between consecutive scan lines. 


The video oscillator is stopped (with VCLK2 
low) while horizontal sync is asserted, and is 
released to operate at the trailing edge of 
horizontal sync. This technique helps provide 
uniform horizontal positioning of 
characters/dots from one scan line to the 
next. 


The block has four outputs, three color video 
signals, and a control signal. Since this block 
is the major feature of the part, its main 
inputs and outputs are dedicated pins, 
without alternate port bits. 


~; 
~:o 


Display RAM 
The OSD of the MTV differs from that in 
preceding devices in one major way: It does 
not fix the number and size of displayed rows 
of text. Several predecessor parts allowed 
two displayed rows of 16 characters each. 
The MTV simply has 128 locations of display 
RAM, each of which can contain a displayed 
character or a New Line character that 
indicates the end of a row. A variant of the 
New Line character is used to indicate the 
end of displayed data. 


The three major elements of the OSD facility 
are shown in the Block Diagram. Each 
display RAM location includes 6 data bits and 
4 attribute bits. The 6 data bits from display 
RAM, along with a line-within-row count, act 
as addresses into the character generator 
ROM, which contains 60 displayable bit maps 
(64 minus one for each of New Line and 
three Space characters). Each bit map 
includes 18 scan lines by 14 dots. The 
character generator ROM is maskable or 
programmable along with the program ROM 
to allow for various character sets and 
languages. 


For a standard NTSC TV signal with an 
HSYNC frequency of 15,750kHz and a 
VSYNC of nominally 60Hz, there are roughly 
50 microseconds of active horizontal scan 
line available. For a typical pixel clock 
frequency is 8MHz, and therefore roughly 
400 pixels of resolution can be obtained. At 
14 dots per character, this means 28 
character times per horizontal scan. If the 12 
dot per character display mode is used, that 
means 33 character times per horizontal 
scan. Allowing for edge effects, 26 characters 
(14 across) or 31 characters (12 across) can 
be displayed. 


Note that VGA rates and higher can be used. 
The minimum character dot size will be a 
function of the VGA frequency used. For a 
640 x 480 display, running at 33kHz, the 
equivalent 8XC055 pixel resolution is about 
160 across (because of the 8MHz clock and 
allowing for overscan). This means that 
status and diagnostic information can be 
displayed on video monitors. 


The programming interface to display RAM is 
provided by three special function registers: 


OSAD 
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OSDT 
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OSAT (with O$OT 
= BSpace 
or SplitBSpace) 


76543210 
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OSAD ("On Screen ADdress") contains the 
address at which data will next be written into 
display RAM, while the ten active bits in 
OSDT ("On Screen DaTa") plus OSAT ("On 
Screen ATtributes") correspond exactly to the 
10 bits in each display RAM location. FColor 
indicates the color of foreground (1) pixels in 
the ROM bit map for this character, while B 
indicates whether background (0) pixels 
should show the current background color 
(B=1) or television video (B=O).Thus, for the 
1 bits in a character's bit map, the VID2:0 
pins are driven with (FColor) and VCTRL is 
driven active, while for 0 bits VID2:0 are 
driven with the background color (except for 
shadow bits) and VCTRL is driven with the B 
bit. 


Writing OSAT simply latches the attribute bits 
into a register, while writing OSDT causes the 
data bus information, plus the contents of the 
OSAT register, to be written into display 
RAM. Thus, for a given display RAM location, 
OSAT should be written before OSDT. If 


successive 
characters 
are to be written 
into 


display RAM with the same attributes, OSAT 
need not be rewritten for each character, only 
prior to writing OSDT for the first character 
with those particular attributes. 


In reality, there is a potential conflict between 
the timing of a write to OSDT and an access 
to display RAM by the OSD logic for data 
display. This is resolved by the use of a true 
dual-ported RAM for display memory. 


OSAD is automatically incremented by one 
after each time OSDT and display RAM are 
written. Except in special test modes that are 
beyond the scope of this spec release, 
display RAM cannot be read by the MCU 
program. 


The OSAT attribute bits associated with the 
BSpace (data=111110), SplitBSpace (111111), 
and New Line (111101) characters are 
Interpreted differently from those that 


accompany other data characters. With 
BSpace and SplitBSpace, B is interpreted as 
described above, but the 3 color bits specify 
the Background color (BColor) for 
subsequent characters. For BSpace, a 
change in Band BColor becomes effective at 
the left edge of the character's bit map. For 
SplitBSpace, a change in Band BColor 
occurs haltway through the character 
horizontally. The normal Space character 
(111100) has no effect on the BColor value. 


BColor values 000 and 111 minimize the 
occurrence of transient states among the 
VID2:0 outputs. 


The background color defined by the most 
recently encountered BSpace or SplitBSpace 
character is maintained on the VID2:0 pins 
except at the following times: 
1. During the active time of HSYNC, 


2. 
During the active time of VSYNC, 


3. 
During those pixels of an active character 
that correspond to a 1 in the character's 
bit map, 


4. 
During a "shadow" bit. 


The BColor value is not cleared between 
vertical scans, so that if a single background 
color is all that is needed in an application, it 
can be set via a single BSpace character 
during program initialization, and never 
changed thereafter. In order for such a 
BSpace to actually affect the MTV's internal 
BColor register the Mode field of the OSMOD 
register must be set to 01 (or higher) so that 
the OSD hardware is operating. 


With a New Line character, if the E bit is 1, no 
further rows are displayed on the screen. If E 
is 0 and D is 1, all of the characters in the 
following row are displayed with Double 
height and width. If E is 0 and Sh is 1, all of 
the characters in the following row are 
displayed with shadOWing, as described in a 
later section. If E is 0 and SR is 1, the next 
row is a "short row": It is only 4 or 8 scan 
lines high rather than 18 or 36. Short rows 
can be used for underlined text. 


The latches in which the E, D, Sh, and SR 
bits are captured are cleared to zero at the 
start of each vertical scan. This means that if 
the first text line on the screen is a short row, 
or if it contains either double size or 
shadowing, the text must be preceded by a 
New Line character. Like all such characters, 
this initial New Line advances the vertical 
screen position; the VStart value (see below) 
should take this fact into account. 


Other OSD Registers 
A number of changes in the OSD architecture 
have reduced the number of other special 
function registers involved in the feature, 
below the number needed with predecessor 
devices: 
1. The elimination of certain options such as 
4, 6, or ax character sizes and alternate 
use of two of the video outputs. 


2. The moving of certain other options from 


central registers to display RAM, such as 
foreground color codes and background 
selection. 


o 


Lv 
Ph 
Pc 
Po 
DHIBFel 


The IV bit is the interrupt flag for the OSD 
feature. It is set by the leading edge of the 
VSYNC pUlse, and is cleared by the 
hardware when the VSYNC Interrupt routine 
is vectored to. It can also be set or cleared by 
software writing a 1 or 0 to this bit. 


NOTE 
It is theoretically possible that a VSYNC 
interrupt could be missed, or an extra one 
generated, if OSCON is read, then 
modified internally (e.g., in Ac), and the 
result written back to OSCON. However, 
none of the other bits in OSCON are 
reasonable candidates for dynamic 
change. Special provisions are included in 
the MTV logic so that IV will not be 
changed by a single "read-modify-write" 
instruction such as SETB or CLR, unless 
the instruction specifically changes IV. 


A 0 (1) in Pv designates that the VSYNC 
input is high-active (low-active). One effect of 
this bit is that the VID2:0 and VCTRL outputs 
are blocked (held at blacklinactive) during the 
active time of VSYNC. The IV bit is set on the 
leading edge of the VSYNC pulse; thus Pv 
controls whether the OSD interrupt occurs in 
response to a high-to-Iow or low-to-high 
transition on VSYNC. 


A 0 (1) in Lv designates that the leading edge 
(active level) of VSYNC, as defined by Pv, 
clears the state counter that is used to 
determine the vertical start of on-screen data. 
In effect, LV;0(1) says that the leading 
(trailing) edge of VSYNC is the time 
reference for the video field. 


A 0 (1) in Ph designates that the HSYNC 
input is high-active (low-active). 


A 0 (1) in Pc designates that a high (low) on 
the VCTRL output means "show the color on 
VID2:0". 


A 0 (1) in Po designates that a 0 (1) internal 
to the MTV corresponds to a low on one of 
the VID2:0 pins. This control bit is needed 
only because the Shadowing feature needs 
to generate black pixels without reference to 
a register value: Internally, the 3-bit code 000 
always designates black. 


If DH ;s 1, character sizes are doubled 
vertically but not horizontally. This feature 
allows the MTV to be used in "improved 
definition" systems that are not interlaced. 
The vertical doubling imposed by DH does 
not affect the VStart logic described below: It 
operates in HSync units regardless of DH or 
D. 


If BFe is 1, the BF output tracks whether 
each bit in displayed characters is a 
foreground bit (low) or a background bit 
(high). If BFe is 0, the BF pin remains high. 


OSORG 
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The HStart field (HS4 - HSO)defines the left 
end (start) of all of the on-screen character 
rows, as a multiple of four VCLKs. Active 
display begins 4(HStart)+ 1 VCLKs plus one 
single-sized character width after the trailing 
edge of HSYNC. Counting variations in We, 
there may be 17 to 143 VCLKs from the end 
of HSYNC to the start of the first character of 
each row. 


The VStart field (VS2 - VSO) defines the top 
(start) of the first on-screen character row, as 
a multiple of four HSYNC pulses. Active 
display begins 4(VStart)-1 HSYNCs after the 
field's time reference point, a range of 3 to 
31. Subsequent character rows occur directly 
below the first, such that the last scan line of 
one row is directly followed by the first scan 
line of the next row. Successive New Line 
characters (with or without the Short Row 
designation) can be used to vertically 
separate text rows on the screen. 


Neither the HStart nor VStart parameter is 
affected by the D line attribute that is used to 
display double-sized characters. 


OSMOO 


7 
6 
5 
4 


lwei-IModel IMOd.O I 


2 
1 
0 


- I SHM21 
SHMl I SHMO I 


If the mode bits (Mode 1, Mode 0) are 00, the 
OSD feature is disabled. The VCLK oscillator 
is disabled, VID2:0 are set to black, and 


VCTRL is held inactive.This is the mode to 
which the MTV OSD logic is reset. A direct 
transition from this mode to active display 
(1x) would result in undefined operation and 
visual effects for the duration of the current 
video field (until the next VSYNC). 


If the mode is 01, the VCLK oscillator is 
enabled and the OSD logic operates normally 
internally, but VID2:0 are set to black and 
VCTRL is held inactive. The OSD feature can 
be toggled between this state and 1x as 
desired to achieve real-time special effects 
such as "vertical wiping." 


Mode 10 represents normal OSD operation. 
Active characters can be shown against TV 
video (for characters with B;O) or (for 
characters with B;1) against a background of 
the color defined as an attribute of BSpace 
and SplitBSpace characters. 


In mode 11, characters can be displayed but 
all of the receiver's normal video is inhibited 
by holding VCTRL asserted throughout the 
active portion of each scan line. Since VID2:0 
are driven with the current background color 
during this time, except during the foreground 
portion of displayed characters, this produces 
text against a solid background. This mode is 
useful for extensive displays that require user 
concentration. 


If Wc is 1, then each displayed character is 
horizontally terminated after 12 bits have 
been output, as opposed to after 14 bits if Wc 
is O.This allows text to be "packed" more 
tightly so that more characters can be 
displayed per line. In effect, the 2 bits out of 
the display ROM, which would otherwise be 
the rightmost 2 of the 14, are ignored when 
Wc is 1. Clearly, if t1hisfeature is to be used, it 
must be accounted for in the design of the bit 
maps in the display ROM. 


The 3-bit ShMode field (SHM2 - SHMO) 
determines how characters are shadowed in 
rows for which the SH row attribute is 1. As 
shown in Figure 6, the values 000-110 
indicate an apparent light source position 
ranging from the lower left clockwise to t1he 
lower right, while the value 111 indicates 
full-surround shadowing. 


Under some conditions writing to OSMOD 
while the display is active can cause a 
temporary flicker during that display field. 
This can be avoided by only writing to 
OSMOD during the vertical sync interval. 


BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 
BBFFFFFFFFFFBB 
BBFFFFFFFFFFBB 
BBFFFFFFFFFFBB 
BBFFFFFFFFFF'B 
BBFFFFFFFFFFBB 
B'FFFFFFFFFFBB 
BBF' ••••••••• B 
BBFF········ 
BB 
B' FF'" 
•••• BBB 
BBF'BBBBBBBBBB 
BBFFBBBBBBBBBB 
B'FFBBBBBBBBBB 


BBF'BBBBBBBBBB 
BBFFBBBBBBBBBB 
B'FFBBBBBBBBBB 
BBF'BBBBBBBBBB 
BBFFBBBBBBBBBB 
B'FFBBBBBBBBBB 
BBFFFFFFFFBBBB 
BBFFFFFFFFBBBB 
B'FFFFFFFFBBBB 


BBFFFFFFFF'BBB 
BBFFFFFFFFBBBB 
B'FFFFFFFFBBBB 
BBF' ••••••• BBB 
BBFF'" 
••• BBBB 
B' FF' •••• BBBBB 
BBF'BBBBBBBBBB 
BBFFBBBBBBBBBB 
B'FFBBBBBBBBBB 
BBF'BBBBBBBBBB 
BBFFBBBBBBBBBB 
B'FFBBBBBBBBBB 
BBF'BBBBBBBBBB 
BBFFBBBBBBBBBB 
B' FFBBBBBBBBBB 
BBFFFFFFFFFFBB 
BBFFFFFFFFFFBB 
B'FFFFFFFFFFBB 
BBFFFFFFFFFF'B 
BBFFFFFFFFFFBB 
B'FFFFFFFFFFBB 
BBB·········· 
B 
BB·········· 
BB 
B·········· 
BBB 
BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 


ShMode=010 
ShMode=011 
ShMode=100 


BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 


BBFFFFFFFFFF'B 
BBFFFFFFFFFFBB 
B'FFFFFFFFFFBB 


BBFFFFFFFFFF'B 
BBFFFFFFFFFFBB 
B'FFFFFFFFFFBB 
BBFF'BBBBBBBBB 
BBFFBBBBBBBBBB 
B'FFBBBBBBBBBB 
BBFF'BBBBBBBBB 
BBFFBBBBBBBBBB 
B'FFBBBBBBBBBB 
BBFF'BBBBBBBBB 
BBFFBBBBBBBBBB 
B'FFB BBBBBBBBB 


BBFF'BBBBBBBBB 
BBFFBBBBBBBBBB 
B'FFBBBBBBBBBB 
B isa background(video 


BBFFFFFFFF'BBB 
BBFFFFFFFFBBBB 
B'FFFFFFFFBBBB 
orBColor)pixel 


BBFFFFFFFF'BBB 
BBFFFFFFFFBBBB 
B'FFFFFFFFBBBB 
F isa foreground-color 
pixel 


BBFF'BBBBBBBBB 
BBFFBBBBBBBBBB 
B'FFBBBBBBBBBB 
• isa blackpixel 


BBFF'BBBBBBBBB 
BBFFBBBBBBBBBB 
B'FFBBBBBBBBBB 
BBFF'BBBBBBBBB 
BBFFBBBBBBBBBB 
B'FFBBBBBBBBBB 
BBFF'BBBBBBBBB 
BBFFBBBBBBBBBB 
B'FFBBBBBBBBBB 
BBFFFFFFFFFFFB 
BBFFFFFFFFFFBB 
B' FFFFFFFFFFBB 
BBFFFFFFFFFF'B 
BBFFFFFFFFFFBB 
B'FFFFFFFFFFBB 
BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 


ShMode=OOl 
No Shadowing 
ShMode=101 


BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 
BBB·········· 
B 
B············ 
B 
B·········· 
BBB 
BBFFFFFFFFFF'B 
B'FFFFFFFFFF'B 
B'FFFFFFFFFFBB 
BBFFFFFFFFFFBB 
B'FFFFFFFFFF'B 
B'FFFFFFFFFFBB 
BBFF'BBBBBBBBB 
B' FF········· 
B 
B' FFBBBBBBBBBB 
BBFF'BBBBBBBBB 
B'FF'BBBBBBBBB 
B'FFBBBBBBBBBB 
BBFF'BBBBBBBBB 
B'FF'BBBBBBBBB 
B' FFB BBBBBBBBB 
BBFF······· 
BBB 
B' FF···· ••• BBB 
B' FF' •••• BBBBB 


BBFFFFFFFF'BBB 
B' FFFFFFFF' BBB 
B'FFFFFFFFBBBB 
BBFFFFFFFFBBBB 
B'FFFFFFFF'BBB 
B'FFFFFFFFBBBB 
BBFF'BBBBBBBBB 
B' FF' •••••• BBB 
B'FFBBBBBBBBBB 
BBFF'BBBBBBBBB 
B'FF'BBBBBBBBB 
B'FFBBBBBBBBBB 
BBFF'BBBBBBBBB 
B'FF'BBBBBBBBB 
B'FFBBBBBBBBBB 
BBFF··· •••• ··B 
B·FF····· •••• B 
B'FF' •••••• BBB 
BBFFFFFFFFFF'B 
B' FFFFFFFFFF' 
B 
B'FFFFFFFFFFBB 
BBFFFFFFFFFFBB 
B' FFFFFFFFFF' 
B 
B'FFFFFFFFFFBB 
BBBBBBBBBBBBBB 
B············ 
B 
BBBBBBBBBBBBBB 


BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 


ShMode=OOO 
ShMode=111 
ShMode=110 


DC ELECTRICAL 
CHARACTERISTICS 


vee = 5V +10%, Tamb= O°Cto +70°C 
- 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 
NOTES 


VIL 
Input low voltage 
-0.5 
0.2Vee-o·1 
V 


VILl 
Input low voltage (VSYNC, HSYNC) 
-0.5 
0.15xVee 
V 


VIHl 
Input high voltage (P1.2:0, P2.7:0, P3.6:5, P3.3:1) 
0.2Vee+0.9 
Vee+0.5 
V 


VIH2 
Input high voltage (port 0, P1.3, P3.7, P3.4, P3.0) 
0.2Vee+0.9 
12.6 
V 


VIH3 
Input high voltage (VSYNC, HSYNC) 
0.67 x Vee 
Vee + 0.5V 
V 


VIH_ Vee 
Input high voltage (port 0, P1.3, P3.7, P3.4, P3.0) with 
8 
V 
1 
respect to Vee 


VIH 
Input high voltage (XTAL1, VCLK1, RST) 
0.7Vee 
Vee+0.5 
V 


VOLl 
Output low voltage (P2.7:0, P3.6:5) 
IOL= 10mA 
0.5 
V 
5 


VOL2 
Output low voltage (TDAC, PWMO:7) 
IOL= 700~A 
0.5 
V 
2 


VOL3 
Output low voltage (all other outputs) 
IOL= 1.6mA 
0.45 
V 


VOH 
Output high voltage (port 1, VID2:0, VCTRL, SF) 
IOH= --£O~A 
2.4 
V 


RRST 
Reset pulldown resistor 
50 
300 
kO 


CIO 
Pin capacitance (except PO.Oand PO.7) 
Test freq = 1MHz, 
10 
pF 
4 
Tamb= 25°C 


Ice 
Normal mode supply current 
Vee= 5.5V 
30 
mA 
3 


HYS 
Hysteresis (VSYNC, HSYNC) 
0.8 
V 


NOTES: 
1. This maximum applies at all times, including during power switching, and must be accounted for in power suppiy design. During a power-on 
process, the +12 volt source used for external pullup resistors should not precede the Vee of the MTV up their respective voltage ramps by 
more than this margin, nor, during a power-down process, should Vee precede +12V down their respective voltage ramps by more than this 
margin. 
2. The specified current rating applies when any of these pins is used as a Pulse Width modulated output. For use as a port output, the rating is 


as given subsequently. 


3. 
Ice measured with OSD block initialized and Reset remaining low. 


4. The capacitance of pins PO.Oand PO.7for the 87C055 exceeds 10pF. PO.Ois 40pF maximum, while PO.7 is 20pF maximum. 
5. 
No more than 6 (any 6) of these 10 high current outputs may be used at the VOL1 (IOL= 1OmA) specification. The other 4 should comply with 
the VOL3specification (I0L = 1.6mA). 


AC ELECTRICAL 
CHARACTERISTICS 


vcc = 5V ±10%, Tamb= O°C to +70°C 


TENTATIVE LIMITS 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 
NOTES 


'!tcLCL 
XTAL Frequency 
6 
12 
MHz 
1 


teHCX 
XTAL 1 Clock high time 
20 
ns 
2 


teLCX 
XTAL 1 Clock low time 
20 
ns 
2 


teLCH 
XTAL 1 Clock rise time 
20 
ns 
2 


tCLCL 
XTAL 1 Clock fall time 
5 
20 
ns 
2 


1ltvCLCL 
VCLK Frequency 
5 
8 
MHz 


kVCOH-tVCOLI 
Rise vs. fall time skew on anyone of VID2:0, VCTRL, BF 
40 
ns 
3 


kVCOH1-tVCOH21 
Rise time skew between any two of VID2:0, VCTRL, BF 
30 
ns 
3 


kVCOL,-tvcoL21 
Fall time skew between any two of VID2:0, VCTRL, BF 
30 
ns 
3 


NOTES: 
1. The MTV is tested at its maximum XTAL frequency, but not at any other (lower) rate. 
2. These parameters apply only when an external clock signal is used. 
3. These parameters assume equal ioading at CL = 100pF, for all the referenced outputs. These parameters are specified but not tested. 


PROGRAMMING 
CONSIDERATIONS 


EPROM Characteristics 
The 87C055 is programmed by using a 
modified Quick-Pulse Programming algorithm 
similar to that used for devices such as the 
87C51. lt differs from these devices in that a 
serial data stream is used to place the 
87C751 in the programming mode. 


Figure 7 shows a block diagram of the 
programming configuration for the 87C055. 
Port pin PO.Ois used as the programming 
voltage supply input (Vpp signal). Port pin 
PO.1is used as the program (PGMI) signal. 
This pin is used for the 25 programming 
pulses. 


Port 2 is used as the address input for the 
byte to be programmed and accepts both the 
high and low components of the eleven bit 
address. Multiplexing of these address 
components is performed using the ASEL 
input. The user should drive the ASEL input 
high and then drive port 2 with the high order 
bits of the address. ASEL should remain high 
for at least 13 clock cycles. ASEL may then 
be driven low which latches the high order 
bits of the address internally. The high 
address should remain on port 2 for at least 
two clock cycles after ASEL is driven low. 
Port 2 may then be driven with the low byte of 
the address. The low address will be 
internally stable 13 clock cycles later. The 
address will remain stable provided that the 
low byte placed on port 2 is held stable and 
ASEL is kept low. Note: ASEL needs to be 
pulsed high only to change the high byte of 
the address. 


Port 3 is used as a bidirectional data bus 
during programming and verify operations. 
During programming mode, it accepts the 
byte to be programmed. During verify mode, 
it provides the contents of the EPROM 
location specified by the address which has 
been supplied to Port 2. 


The XTAL1 pin is the oscillator input and 
receives the master system clock. This clock 
should be between 1.2 and 6MHz. 


The RESET pin is used to accept the serial 
data stream that places the 87C055 into 
various programming modes. This pattern 
consists of a 1O-bit code with the LSB sent 
first. Each bit is synchronized to the clock 
input, X1. 


Programming 
Operation 
Figures 8 and 9 show the timing diagrams for 
the program/verify cycle. RESET should 
initially be held high for at least two machine 
cycles. PO.1 (PGMI) and PO.O(Vpp) will be at 
VOHas a result of the RESET operation. At 
this point, these pins function as normal 
quasi-bidirectional 
1/0 ports and the 
programming equipment may pull these lines 
low. However, prior to sending the 1O-bit code 
on the RESET pin, the programming 
equipment should drive these pins high (VIH)' 
The RESET pin may now be used as the 
serial data input for the data stream which 
places the 87C055 in the programming 
mode. Data bits are sampled during the clock 
high time and thus should only change during 
the time that the clock is low. Following 
transmission of the last data bit, the RESET 
pin should be held low. 


Next the address infonnation for the location 
to be programmed is placed on port 2 and 
ASEL is used to perform the address 
multiplexing, as previously described. At this 
time, port 1 functions as an output. 


A high voltage Vpp level is then applied to the 
Vpp input (PO.O).(This sets Port 1 as an input 
port). The data to be programmed into the 
EPROM array is then placed on Port 3. This 
is followed by a series of programming pulses 
applied to the PGMI pin (PO.1). These pulses 
are created by driving PO.1 low and then 
high. This pulse is repeated until a total of 25 
programming pulses have occurred. At the 
conclusion of the last pulse, the PGMI signal 
should remain high. 


The Vpp signal may now be driven to the 
VOHlevel, placing the 87C055 in the verify 
mode. (Port 3 is now used as an output port). 
After four machine cycles (48 clock periods), 
the contents of the addressed location in the 
EPROM array will appear on Port 3. 


The next programming cycle may now be 
initiated by placing the address infonnation at 
the inputs of the multiplexed buffers, driving 
the Vpp pin to the Vpp voltage level, 
providing the byte to be programmed to Port 
3 and issuing the 26 programming pulses on 
the PGMI pin, bringing Vpp back down to the 
VOH level and verifying the byte. (See 
Table 4.) 


Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. 
For this and secondary 
effects, 
it 


is recommended 
that an opaque label be 


placed over the window. 
For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Flourless 
part number 2345-5 or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-s/cm2. Exposing the EPROM to an 
ultraviolet lamp of 12,000~W/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 


OPERATION 
SERIAL CODE 
PO.1 (PGMI) 
PO.O(Vpp) 


Program user EPROM 
286H 
I 
-. 
Vpp 


Verify user EPROM 
286H 
VIH 
VIH 


Read Signature Bytes 
280H 
VIH 
VIH 


EPROM PROGRAMMING 
AND VERIFICATION 
Tamb= 21°C to +2rc, 
Vcc = 5V ±10%, Vss = OV 


Reading Signature 
Bites 


The signature bytes are read by the same 
procedure as a normal verify of locations 30H 
and 31H, except that the serial code 
indicated in Table 3 for reading signature 
bytes should be used. The values are: 


30H = 
15H indicates manufactured by 
Philips 


31H = 
4BH indicates 87C055 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


1!tcLCL 
Oscillator/clock frequency 
1.2 
6 
MHz 


tAVGL· 
Address setup to PO.1 (PROG-) low 
1O~s + 24tCLCL 


lGHAX 
Address hold after PO.1 (PROG-) high 
48tCLCL 


tOVGL 
Data setup to PO.1 (PROG-) low 
38teLCL 


tOVGL 
Data setup to PO.1 (PROG-) low 
38tCLCL 


lGHOX 
Data hold after PO.1 (PROG-) high 
36tCLCL 


tSHGL 
Vpp setup to PO.1 (PROG-) low 
10 
~s 


lGHSL 
Vpp hold after PO.1 (PROG-) 
10 
~s 


lGLGH 
PO.1 (PROG-) width 
90 
110 
~s 


tAvav.. 
Vpp low (VCC)to data valid 
48teLCL 


lGHGL 
PO.1 (PROG ) high to PO.1 (PROG-) low 
10 
~s 


!sVNL 
PO.O(sync pulse) low 
4teLCL 


tSVNH 
PO.O(sync pulse) high 
8teLCL 


tMASEL 
ASEL high time 
13tCLCL 


tMAHLO 
Address hold time 
2teLCL 


tHASET 
Address setup to ASEL 
13teLCL 


tAOSTA 
Low address to address stable 
13tCLCL 


NOTES: 
• 
Address should be valid at least 24teLCL before the rising edge of PO.O(Vpp). 


PROGRAMMING 
PULSES 


VppNIH 
VOLTAGE 


SOURCE 


CLKSOURCE 


XTAL1 
rI 
---.J 
L 


11 


MIN 2 MACHINE 
I. 
CYCLES 
.1. 
r-II 


RESET 
---.J 


/-1 I- 
'SHGL 
\SV 


~ 
'GHSL 


I 
I 
L--lLJL~---- 


-l r- 'GHGL 
I... 
----·!'MASEL 
'GLGH r----1 
~J~----\~ 
98I'_$_M_'N 
'_OV_$_M_'_N 
_ 


H'DVGL 
'GHDXr-+- 
'AVaV ---1 


DATA TO BE PROGRAMMED 
INVALID DATA 
VALID DATA 


VERIFY 
MODE 
--------~.~ 
PROGRAM 
MODE -1' 
VERIFY 
MOCE 
-I 


Philips 
Semiconductors 
Microcontroller 
Products 


Single-chip a-bit microcontroller 
for TV on-screen 
display, VS tuning and control function 


1. 
INTRODUCTION 
The P83CL 168/167/268/267 single chip 
microcontroller is an 80C51 CPU based 
MicroControlier designed for medium high to 
high end TV control applications. It features a 
Philips 80CL51 CPU which is object code 
compatible with the industry standard 80C51. 
It is manufactured in an advanced CMOS 
technology featuring low power consumption. 


The differences between these four devices 
are shown in Table 1. 


For the rest of the specification we will use 
P83CL 168 as the generic term to describe 
the function of this family. 


The P83CL 168 also functions as an 
arithmetic processor having facilities for both 
binary and BCD arithmetic plus bit handling 
capabilities. Multiply & divide instructions are 
implemented by hardware with a cycle time of 
41'5 (XTAL=12MHz). 


The instruction set consists of over 100 
instructions; 49 one-byte, 46 two-byte and 
16 three-byte. 


The P83CL 168 contains 16K bytes of ROM, 
256 bytes of RAM, 21 general 1/0 port lines, 
28 function combined 1/0 lines. 


The derivative 
functions 
dedicated for TV 
applications are; 
- AFC (AID converter), remote control 
pre-processing circuit, 


- 
PWM's for analog control, and voltage 
synthesized tuning (VST), 


- on screen display function (OSD). 


There are also two serial I/O's available, the 
Philips standard 12C(two sets) and the high 
speed 8-bit 3-wire serial 1/0 and an 8-bit 
counter (T2) for AC line frequency or HSYNC 
pulse counting. 


1.1 
P80CL51 CPU Core 
Features 


• Full static 80C51 CPU 


• 8 bit CPU, ROM, RAM, 1l0's in a single 


package 


• ROM max memory space; 
64K (but 


P83CL 168 has no external ROM access 
capability) 


• RAM max memory space: 64K (but 


P83CL 168 has no external RAM access 
capability) 


• Two 16-bittimer/event 
counters 


• On-chip oscillator suitable for quartz crystal 


or ceramic resonator 


• Thirteen source, thirteen vector interrupt 


structure with two priority levels 


• Enhanced architecture with: 


- 
non page orientated instructions 


- 
direct addressing 


- 
four eight byte RAM register banks 


- 
stack depth up to 128 bytes 


- 
multiply, divide, subtract and compare 
instructions 


P83CL168 
P83CL167 
P83CL268 
P83CL267 


ROM 
16K 
16K 
12K 
12K 


HIOl 
YES 
NO 
YES 
NO 


RMC2 
YES 
NO 
YES 
NO 


Pin 263 
P57/RMC 
P57 
P57/RMC 
P57 


Pin 274 
P40IDoUT 
P40 
P40/DOUT 
P40 


Pin 284 
P41/CLK 
P41 
P41/CLK 
P41 


Pin 29" 
P421DIN 
P42 
P421DIN 
P42 


NOTES: 
1. HIO, High speed 1/0, 8-bit serial bus with maximum 1MHz baud rate. (see chapter 15) 
2. 
RMC, ReMote Control pre-processor, a derivative function dedicated to preprocess IIR remote control signals. (see chapter 16) 


3. 
Pin 26 is the combined function pin of RMC input and/or port line 57. Selection of either one function is controlled by a SFR P5SEL. (see 
chapter 9) 
4. 
Pin 27, 28 and 29 are for HIO as well as for port lines. Selection is done by SFR P4SEL. (see chapter 9) 


Single-chip 8-bit microcontroller for TV on-screen 
display, VS tuning and control function 


TWO 
16-BIT 
TIMER! 
EVENT 
COUNnER 


8·BrT 


EVENT 
COUNnER 


---, 
I 
I 
I 
I 


r-------- 


VDD -----r- 


I 
vss-----r- 


HIGH 
SPEED 
8-B1T 
SERIAL 
VO(2) 


PBOCLxxx 
CORE 
EXCLUDING 
ROMIRAM 


I 
I 
I 
I 
I 
INnERNAL 
I 
INTERRUPT 
L 
_ 


FUNCTION 
COMBINED 
PARALLEL 
I/O PORTS 


46-BIT 
47·BIT 
D/A 


CONVERTER 


14-BIT 
D/A 


CONVERTER 


AFC 
44·B1T 
DAC+ 


COMPARATOR 


REMOTE 
(2) 
CONTROL 


PRE· 


PROCESSOR 


MULTI· 
MASTER 
12C 


·1: 
P83CL168/167: 
16K ROM 
P83CL2681267: 12K ROM 
·2: 
Exist only in P83CL 168 and P83CL268 


Single-chip a-bit microcontroller for TV on-screen 
display, VS tuning and control function 


1.2 
P83CL168 VST and OSD 
Derivative 
Features 


• ROM/RAM 
- 
16K x 8 system ROM. 256 x 8 system 
RAM on chip (no extemal memory 
access capability) 


• PWMs 
- 
One 14-bil PWM output for VST (voltage 
synthesized luning) 


- 
Four 6-bit PWM and four 7-bit PWM 
outputs (DACs for analog controls) 


• AFC (A to D converter) 
- 
Four AFC inputs with 4 bit DAC and 
comparator (i.e.• 4 channel of 4-bit A to 
D converter) 


• LED driver port 


- 
Eight port lines (PO)with 10mA LED 
drive (@<OAV) capability 


• Remote Control pre-processor 


- 
8-bit counter with pulse width 
measurement capability & digital filter for 
noise discrimination. 


- 
Resolution of minimal pulse width is 
programmed by software (Fxtal/192. 
/384. /768, /1536) 


- 
Maximum noise discrimination pulse 
width programmed by software (FxtaV96. 
/192. /384, /768) 


- 
Interrupt driven or polling by software. 


• Serial 110: 2 types 


3. 
Multimaster 
12C (with two sets of 


SDAlSCL pins) 


4. High speed (1MHz baud rate 


maximum) 8-bit 3-wire serial I/O 


• TImer/counter T2 - AC supply line 
frequency counter (e.g., real time clock 
application in TV) or HSYNC counter 
(e.g., no broadcasting signal detection) 


- 
8-bit event counter driven by extemal 
input. Rising edge Schmitt trigger input 


• On screen display function 


- 
Programmable VSYNCNlHSYNCN 
active level 


- 
Display RAM: 
160 x 12 bit 


- 
Display character fonts: 
128 (126 customer font + 2 reserved) 


- One vertical display starting position 
counter. 64 different starting positions 
controlled by software. 


- 
One horizontal display starting position 
control for OSD. 64 different positions 
controlled by software. 


- 
Character size: 
4 different character size, line-by-line 
basis, 1 horizontal dot = 1 or 2 OSD 
clock period. 1 vertical dot = 1 or 2 
horizontal scan lines. Individually 
controllable. 


- 
Character matrix: 
12 " 18 with no spacing between 
characters 


- 
Foreground colors: 
16, character-by-eharacter 
basis 


- 
Background/shadowing 
modes: 


Two primary modes: "TV mode" or 
"Monitor mode", frame basis. In each 
primary mode, three submodes are 
available. 


Sub-model: 


superimpose (no background), 


sub-mode 2: 


north-west shadowing, 


sub-mode 3: 


box shadowing, all these three are 
line basis. 


- 
Background colors: 
16. word-by-word basis. Available when 
background is either in "north-west 
shadowing", "box shadoWing" or "frame 
shadowing" submodes. 


- 
Display RAM starting address is 
programmable. Fast switching between 
bank of display (RAM) characters are 
possible through software control. 


- 
On-ehip PLL oscillator for OSD lunction 
with software selectable OSD clock 
period (e.g., scalable character width by 
software) 


- 
Character blinking: 
Ratio (or duty cycle): 1:1 ; 
frequency: Fv/32, Fv/64, programmable, 
character basis 


- 
Display format: 
Flexible display format by using CR 
(carriage retum). SPl and SP2 (space) 
codes. 


- 
Display RAM address post increment 
each time a new data is written into. 


- 
Vertical jitter cancelling circuit to avoid 
unstable VSYNC trailing edge mismatch 
with HSYNC signal. 


• On chip power on reset 


• Package: 


64SDIL or QFP64 


• Operating voltage range: 


4.5V-5.5V 


• Operating temperature range: 


-20·C - + 70·C 


• System clock operating frequency range: 


4MHz-12MHz 


• OSD clock operating range: 


4-10MHz 


P83CL168 
P83CL167 


PIN 
P83CL268 
P83CL267 


26 
P57/RMC 
P57 


27 
OnIJT/P40 
P40 


28 
CLKlP41 
P41 


29 
OlN/P42 
P42 


XTAl2 


C 


PS4!B 


VsstA 


VSYNC 


RST 


EMUINOR 


P83CL168 
P83CL167 
P83CL26B 
P83CL267 


P35IT' 


P34frD 


PP3211NT1N 


P32IINTON 


VOoJA 


TEST 


P16/PWM6 


P15JPWM5 


P141PWM4 


P121PWM2 


P1,IPWMl 


P1O!PWMO 


Voo 
vss 


P47/AFC3 


P461AFC2 


P83CL 168 
P83CL167 


PIN 
PB3CL268 
PB3CL267 


20 
P57/RMC 
P57 


21 
On, 'T/P40 
P40 


22 
CLKlP41 
P41 


23 
°1N!P42 
P42 


VsstA 


HSYNC 


VSYNC 


RST 


EMUINOR 


P37 


P36 


P35T1 


P34/TO 


PP32IINT1N 


P32IINTON 


VooJA 


TEST 


P'6!PWMS 


P1S/PWMS 


P141PWM4 
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PIN NUMBER 
, 


PIN NAME 
I/O 
FUNCTION 


SOIL 
QFP 


2,36 
30,60 
Voo 
Digital Power line, 4.5V - 5.5V 


1,35 
29,59 
Vss 
Digital Ground line 


46 
40 
VoolA 
Analog Power line, 4.5V - 5.5V 


57 
51 
Vss/A 
Analog Ground line 


3 
61 
P531SCL2 
1/0 
12Cclock 2 (open drain) or port line 53 (pseudo bidirectional port) 


4 
62 
P521SCL1 
1/0 
12Cclock 1 (open drain) or port line 52 (pseudo bidirectional port) 


5 
63 
P51/SDA2 
1/0 
12Cdata 2 (open drain) or port line 51 (pseudo bidirectional port) 


6 
64 
P50/SDA1 
1/0 
12Cdata 1 (open drain) or port line 50 (pseudo bidirectional port) 


14-7 
8-1 
P07-POO 
1/0 
General 1/0 port (pseudo bidirectional port), also used in the emulation mode for 
control signals transfer in between bondout chip and the derivative 


22-15 
16-9 
P27-P20 
1/0 
General 1/0 port 2 (pseudo bidirectional port), also used in the emulation mode for 
control signals transfer in between bondout chip and the derivative 


25 
19 
P561T2 
1/0 
1/0 port line 56 (pseudo bidirectional port) or 8-bit event counter input (Schmitt trig- 
ger) 


26 
30 
P57IRMC 
1/0 
1/0 port line 57 (pseudo bidirectional port) or Remote Control pre-processor input 


29 
23 
DIN/P42 
I/O 
High speed serial 1/0 data input or port line 42 (pseudo bidirectional port) 


28 
22 
CLKlP41 
1/0 
High speed serial 1/0 clock (bidirectional) or port line 41 (pseudo bidirectional port) 


27 
21 
DOUTIP40 
1/0 
High speed serial 1/0 data output or port lien 40 (pseudo bidirectional port) 


30 
24 
TDACIP43 
1/0 
14-bit PWM output (push-pull) or port line 43 (pseudo bidirectional port) 


34-31 
28-25 
P47/AFC3- 
1/0 
1/0 port line 47 - 44 (pseudo bidirectional port) or 4-bit AFC inputs (standard op- 


P44/AFCO 
tion) 


44-41, 
38-33 
P17/PWM7- 
1/0 
1/0 port line 17 - 10 (pseudo bidirectional port) or 7·bit PWM (PWM7 - 4) and 6-bit 
40-37 
P10/PWMO 
PWM (PWM3-0) 
output, also these pins P10, P11, P12 and P17 are used for 


extemal interrupt request if enabled by software 


45 
39 
TEST 
I 
Test input (low) or normal operation (high) 


52,51 
46,45 
P37,P36 
1/0 
1/0 port line 37, 36, 31 


50 
44 
P351T1 
1/0 
1/0 port line 35 or 16·bit timerlcounter 1 1/0 


49 
43 
P341T0 
1/0 
1/0 port line 34 or 16-bit timerlcounter 0 1/0 


48 
42 
P33IINT1N 
1/0 
1/0 port line 33 or extemal interrupt 1 input 


47 
41 
P3211NTON 
1/0 
1/0 port line 32 or extemal interrupt 0 input 


53 
47 
EMU/NOR 
I 
Emulation mode (low) or normal mode (high) selection. Set to high in normal opera- 
tion 


54 
48 
RST 
I 
RESET input (active high) 


56 
50 
HSYNC 
I 
TV horizontal sync input (for OSD synchronization) 


55 
49 
VSYNC 
I 
TV vertical sync input (for OSD synchronization) 


62 
56 
C 
1/0 
Capacitor input/output for OSD on chip PLL oscillator VCO 


60 
54 
R 
1/0 
OSD Red color output 


59 
53 
G 
1/0 
OSD Green color output 


58 
52 
P541B 
1/0 
1/0 port line 54 or OSD Blue color output 


61 
56 
FB 
0 
OSD fast blanking output 


64,63 
58,57 
XTAL1/2 
1/0 
XTAL1, crystal input; XTAL2, crystal output 


23,24 
17, 18 
P60, P61 
0 
Output port line 60 and 61 (standard option only) 
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2. 
MEMORYORGANIZATION 
The P83CL 168 has 16K program memory 
(ROM) plus 256 bytes of data memory (RAM) 
on chip. The device has separate address 
spaces for program and data memory. 


This device has NO external memory access 
capability such that the RD (read), WR 
(write), EA (external access), PSEN (read 
strobe) and ALE (address latch enable) 
signals are not bonded out. 


2.1 
Program Memoryand 
Interrupt Vector 
After reset the CPU begins execution at 
location OOOOH.The interrupt vectors are 
located at the following address in ROM. 


See also chapter 6 for interrupt level and 
function control details. 


Priority 
Source 
Vector 


(within level) 
(address 
in HEX decimal) 


PXO(Highest) 
External Interrupt 0 (INTON) 
0OO3H 


S1 
12C 
002BH 


PX5 
High speed 8-bit serial 1/0 
0053H 


TO 
Timer 0 
OOOBH 


PX6 
Remote Control preprocessor 
005BH 


PX1 
External Interrupt 1 (INT1H) 
0013H 


PX2 
P10 (port line 10) 
003BH 


PX7 
VSYNC interrupt 
. 
0063H 


T1 
Timer 1 
001BH 


PX3 
P11 (port line 11) 
0043H 


PX8 
T2 (AC frequency counter) 
006BH 


PX4 
P12 (port line 12) 
004BH 


PX9 (Lowest) 
P17 (port line 17) 
0073H 
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3. 
VO FACILITY 


3.1 
VO Ports 
The P83CL168 has 49 110 lines treated as 49 
individual addressable bits or as 5 parallel 
8-bit addressable ports, e.g., 0, 1, 2, 4, 5. 
Port 3 has 6 lines, Port 5 has 7 lines while 
port 6 has only two lines available. 


Port 1, 3, 4 and 5 also performs the following 
alternate functions: 
• Port 1: provides the output pins of the 


6-biV7-bit PWM's, as well as the external 
interrupt inputs (Pl0, Pll, 
P12 & PH). 


• Port 34, 35: provides 16-bit timerlcounter 0 


and l's 
110. 


• Port 32, 33: provide also the external 
interrupt input INTON and INTI N. 


• Port 40 - 42: provides the high speed 8-bit 


serial liD's data input, output and clock 
pins. 


• Port 43: provides the 14-bit PWM output 


(TDAC) for tuning voltage control. 


• Port 44 - 47: provides the 4-bit AFC inputs. 


• Port 50 - 53: provides the 12C data and 
clock liD's. 


• Port 54 - 55: provides the output of the 
OSD color B & I. 


• Port 56: provides the 110 pin of the 8-bit 
event counter T2. 


• Port 57: provides the remote control 
preprocessor input 


To enable the port 1, 3, 4 and/or 5 as 
alternate function, chapter 9 has the details. 
Each port consists of a latch (SFR PO- P6), 
an output driver and an input buffer. 


3.2 
Port Options 
Most of the 110 pins can be individually 
configured as one of the following port 
options (Figure 1, Figure 2, Figure 3). Port 
option selection table is shown in Table 2. 
Option 1 - 
standard port; quasi-bidirectional 
110 with pull-up. The strong booster pull-up 
transistor PI is turned on for two oscillator 
periods after a O-to-l transition in the port 
latch. (Figure 1). To configure the port line 


into OUTPUT port, write either 0 or 1 to its 
port latch (SFR bit). To configure this port line 
into an INPUT port, write an "I" to the port 
latch first before read the port pin. 
Option 2 - 
open drain; quasi-bidirectional 


110 with n-channel pull-down. Use as an 
output requires the connection of an external 
pull-up resistor. (Figure 2). Use as an input 
requires to write an "1" to the port latch 
before read the port line. 
Option 3 - 
Push-pull; gives drive capability 


of the output in both polarities. This option 
permits the port to be used as an output only 
(Figure 3). 


Individual mask selection of the post-reset 
state is available on any of the above pins. 
Make your selection by appending "S" or "R" 
to option 1, 2 or 3 above. 


Option S : SET; after reset this pin is 
initialized to "HIGH". 


Option R : RESET; after reset this pin is 
initialized to "LOW". 
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110MASK OPTIONS SPECIFY THE DESIRED CONNECTION FOR EACH 110LINE ON PORTS 


PORT 
OPTION 
PORT 
OPTION 
PORT 
OPTION 
PORT 
OPTION 
PORT 
OPTION 
PORT 
OPTION 


POO 
P10 
P20 
- 
P40 
P50 


P01 
P11 
P21 
- 
P41 
P51 


P02 
P12 
P22 
P32 
P42 
P52 


P03 
P13 
P23 
P33 
P43 
P53 


P04 
P14 
P24 
P34 
P44 
54 


P05 
P15 
P25 
P35 
P45 
- 


P06 
P16 
P26 
P36 
P46 
P56 


P07 
P17 
P27 
P37 
P47 
P57 


Ports option: 
1: STANDARD 1/0 
S: HIGH AFTER POWER-ON RESET 
P60 
1 S 
G 
3 
2: OPEN·DRAIN I/O 
R: LOW AFTER POWER-ON RESET 


3: 
PUSH-PULL OUTUT 
EXAMPLE: 3 R 
P61 
1 S 
R 
3 


FB 
3 
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4. 
IDLE AND POWER-DOWN 
OPERATION 
(for reference 
only) 


The following paragraphs describe the 
generai feature of P83CLxxx family and is for 
reference only. Since in the TV application 
there is no need for stop nor idle mode we 
will not test these two specification in the 
testing stage. 


4.1 
Power Control Register 


Power-down and Idle modes are activated by 
software via the Special Function Register 
PCON. Its hardware address is 87H. PCON 
is byte addressable only. 


4.2 
Power-Down 
Mode 
The instruction setting PCON.1 is the last 
executed prior to going into the Power-down 
mode. In Power-down mode the oscillator is 
stopped. The contents of the on-chip RAM 
and SFRs are preserved. The port pins 
output the values held by their respective 


SFRs. The wake-up operation after' 
power-down in this controller has two basic 
approaches: (section 4.3 & 5.4) 


4.3 
Wake-up 
from Power Down 
Using INT2, 3, 4, 9 
(Le., P10, P11, P12, P17) 
If INT2, 3, 4, or 9 are enabled, the P83CL 168 
can be woken-up from power-down mode 
with the external interrupts. To ensure that 
the oscillator is stable before the controller 
restarts, the internal clock will remain inactive 
for 1536 oscillator periods. This is controlled 
by an on-chip delay counter. 


4.4 
Wake-up 
from Power Down 
Using RESET 
To wake-up the P83CL 168 the RESET pin 
has to be kept HIGH for a minimum of 24 
cycles. The on-chip delay counter is inactive. 
The user has to ensure that the oscillator is 
stable before any operation is attempted. 


4.5 
Idle Mode 


The instruction that sets PCON.O is the last 
instruction executed before going into Idle 
mode. Once in the Idle mode, the internal 
clock is gated away from the CPU, but not 
from the interrupt, timer and Serial port 
functions etc. The CPU status is preserved 
along with the Stack pointer, Program 
counter, Program status Word and 
Accumulator. The RAM and all other registers 
maintain their data during Idle mode. The port 
pins retain the logical states they held at Idle 
mode activation. 


4.6 
Recover 
from Idle Mode 
There are two methods used to terminate the 
Idle mode. Activation of any enabled interrupt 
will cause PCON to be cleared by hardware: 
-terminating 
Idle mode. The interrupt is 
serviced, and following the instruction RETI, 
the next instruction to be executed will be the 
one following the instruction that put the 
device in the Idle mode. 


~ 


sell 


SCl 


12C 
~ 


SCL2 


BLOCK 


~ 


$DA1 


-----, 
SW2 
•....••.•• 


~SOA2 
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5. 
12C-BUS SERIAL I/O 


5.1 
The 12C bus and the 
Control Register 
The serial port supports the twin line 
12~bus. The 12~US 
consists of a data line 


(SDA) and a clock line (SCL). These lines 
also function as I/O port lines P50, 51,52 and 
53 respectively. The system is unique 
because data transfer, clock generation, 
address recognition and bus control 
arbitration are all controlled by hardware. 
There is one 12Chardware only inside the 
P83CL 168 but it is connected to two sets of 
SCUSDA pins where Figure 4 shows the 
configuration. 


An analog switch which connect or 
disconnect SCL l/SDAl 
and/or SCL2ISDA2 
pins to the internal12C hardware is controlled 
by the SFR 12CCON address 86H. 
Application of this particular function is in the 
TV system, normally during the standby 
mode part of the power supply in the system 
is shut down. To avoid some devices pull 
down the SDAlSCL lines when they are not 
supplied with power while the main 
microcontroller like P83CL 168 and the 
EEPROM device PCF8581 are still powered 
up, an isolation circuit like this can fulfill this 
function. 


To fully utilize this facility, the pins P531SCL2 
and P521SDA2 must be configured as 
alternative functions instead of port lines. 


bit? 
bit6 
bit5 
bit4 


- 
- 
- 
- 


bit3 
bil2 
bitl 
bitO 
- 
- 
SWl 
SWO 


When the pins 3, 4, 5, 6 are selected as 12C 
data/clock lines (see chapter 9 for how to 
select) the following two control bits are 
actively control the switch connection. 


SWl 
= 
0, Internal SCUSDA is 
disconnected from SCL l/SDA 1 


1, Internal SCUSDA is connected 
to SCL l/SDA 1 


SW2 
0, Internal SCUSDA is 
disconnected from SCL2ISDA2 


1, Internal SCUSDA is connected 
to SCL2ISDA2 


When both SWl and SW2 are on (=1), SCL, 
SCL1 and SCL2 are connected; SDA, SDA 1, 
SDA2 are also connected. 


5.2 
Operation 
Modes 
The 12C-busserial I/O has complete autonomy 
in byte handling and operates in four modes. 
• Master transmitter 


• Master receiver 


• Slave transmitter 


• Slave receiver 


These functions are controlled by the SlCON 
register. Sl STA is the status register whose 
contents may also be used as a vector to 
various service routines. Sl DAT is the data 
shift register and SlADR the slave address 
register. Slave address recognition is 
performed by hardware. 


For the detailed 12Cspecification, refer to the 
section 3.8 S101, 12Cserial I/O (pp3-2?thru 
3-49) of the specification 'Single chip 8-bit 
Microcontrollers PCB83C5521562'; Ordering 
information 12NC 9398 650 20011. 


5.3 
Serial Control 
Register 
S1CON 


SlCON 
(OOH) 


bit? 
bit6 
bit5 
bit4 


- 
ENSl 
STA 
STO 


bit3 
bil2 
bitl 
bitO 


SI 
AA 
I 
CRl 
CRO 


CRO, CRl 
These two bits determine the serial clock 
frequency when SIO is in a master mode. 
Maximum 12Cspeed Is 100KHz In 
P83CL168. 


=00, 12Cspeed = fose/960 
(e.g., Xtal=12MHz, 12Cspeed = 12.5KHz) 


=01, 12Cspeed = fose/120 
(e. g. Xtal = 12MHz, 12Cspeed = 100KHz) 


=10, 12Cspeed = fose/60 
(e. g. Xtal = 6MHz, 12Cspeed = 100KHz) 


=11, 12Cspeed = 96 • (256 - TImer 1 
reload range 0-254 in mode 1) 


AA 
Assert acknowledge bit. When the AA flag 
is set, an acknowledge (low level to SDA) 
will be returned during the acknowledge 
clock pulse on the SCL line when 
- 
own slave address is received 
general call address is received 
(SlADR.O=l) 


- 
data byte received while device is 
programmed as master 
- 
data byte received while device is a 
selected slave. 


With AA=O, no acknowledge will be 
returned. Consequentiy, no interrupt is 
requested when the "own slave address· 
or general call address is received. 


SIO interrupt flag. When the Sl flag is set, 
an acknowledge is returned after anyone 
of the following conditions: 


- 
a start condition is generated in master 
mode. 


- 
own slave address received during 
AA=l 


- 
general call address received while 
SlADR.O and AA=1 


- 
data byte received or transmitted in 
master mode (even if arbitration is 
lost) 


- 
data byte received or transmitted as 
selected slave 


- 
stop or start condition received as 
selected slave receiver or transmitter 


STO 
STOP flag. With this bit set while in 
master mode STOP condition is 
generated. When a STOP condition is 
detected on the bus, the SIO hardware 
clears the STO flag. In the slave mode, 
the STO flag. may also be set to recover 
from an error condition. In this case, no 
STOP condition is transmitted to the 
12C-bus.However, the SIO hardware 
behaves as if a STOP condition has been 
received and releases SDA and SCL. The 
SIO then switches to the "no addressed- 
slave receiver mode. The STO flag is 
automatically cleared by hardware. 


STA 
START flag. When the STA bit is set in 
slave mode, the SIO hardware checks the 
status of the 12C-busand generates a 
START condition if the bus is free. If STA 
is set while the SIO is in master mode, 
SIO transmits a repeat START condition. 


ENSl 
When ENS1=0, the SIO is disabled. The 
SDA and SCL outputs are in a 
higtHmpedance 
state; Pl.6 and Pl.? 


function as open drain ports. When 
ENS=l, the SIO is enabled. The Pl.6 and 
Pl.? port latches must be set to logic 1. 


Single-chip 8-bit microcontroller 
for TV on-screen 
display, VS tuning and control function 


5.4 
Status Register S1STA 


S1STA (D9Hl 


bit7 
bit6 
bit5 
bit4 


SC4 
SC3 
SC2 
SC1 


bit3 
bit2 
bit1 
bitO 


sco 
0 
0 
0 


S1STA is an B-bit read-<lnly special function 
register. S1STA.3-S1STA.7 
hold a status 


code. S1STA.o-S1STA.2 
are held LOW. The 


contents of S1STA may be used as a vector 
to a service routine. This optimizes response 
time of the software and consequently that of 
the 12C-bus. 


The following is a list of the status codes: 


Abbreviations 
used: 


SLA 
7-bit slave address 


R 
Read bit 


W 
Write bit 


ACK 
Acknowledgement 
(acknowledge bit = 0) 


ACKN 
not Acknowledge 
(acknowledge bit = 1) 


B-bit byte to or from the 12C-bus 


Master 


Slave 


Transmitter 


Receiver 


DATA 


MST 


SLY 


TRX 


REC 


MSTrrRX mode 
SISTA value 


OBH- a START condition has been 


transmitted 


10H - a repeated START condition has been 
transmitted 


1BH - SLA and W have been transmitted, 


ACK received 


20H - SLA and W have been transmitted. 
ACK received 


2BH - DATA of S1DAT has been transmitted, 


ACK received 


30H - DATA of S1DAT has been transmitted. 
ACK received 


3BH - Arbitration lost in SLA, RJWor DATA 


MST/REC mode 
S1STA value 


3BH - Arbitration lost while returning ACK. 


40H - SLA and R have been transmitted, 
ACK received. 


4BH - SLA and R have been transmitted, 
ACK received. 


50H - DATA has been received, ACK 


returned. 


5BH - DATA has been received. ACK 


returned. 


SLV/REC mode 
S1STA value 


60H - Own SLA and W have been received, 


ACK returned. 


6BH - Arbitration lost in SLA, RIW as MST. 


Own SLA and W have been received, 
ACK returned. 


70H - General CALL has been received, 


ACK returned. 


7BH - Arbitration lost in SLA, RIW as MST. 
General CALL has been received. 


BOH- Previously addressed with own SLA. 
DATA byte received, ACK returned. 


BBH- Previously addressed with own SLA. 


DATA byte received. ACK returned. 


90H - Previously addressed with general 
CALL. DATA byte has been received. 
ACK has been returned. 


9BH - Previously addressed with general 
CALL. DATA byte has been received. 
ACK has been returned. 


AOH - A STOP condition or repeated START 
condition has been received while still 
addressed as SLV/REC or SLVITRX. 


SLvrrRX 
mode 
S1STA value 


ABH - Own SLA and R have been received. 
ACK returned. 


BOH- Arbitration lost in SLA, RIW as MST. 
Own SLA and R have been received, 
ACK returned. 


BBH - DATA byte has been transmitted, ACK 
received: 


COH-DATA byte has been transmitted, ACK 
received. 


CBH - Last DATA byte has been 
transmitted(AA=logic 
0) ACK received. 


Miscellaneous 
S1STA value 


OOH- Bus error during MST mode or SLY 
mode, due to an erroneous START or 
STOP condition. 


5.5 
Data Shift Register S1OAT 


S1DAT (DAHl 


bit7 
bit6 
bit5 
bit4 


D7 
D6 
D5 
D4 


bit3 
bit2 
bit1 
bitO 


D3 
D2 
D1 
DO 


This register contains the serial data to be 
transmitted or data that has just been 
received. Bit 7 is transmitted or received first; 
i.e., data is shift from left to right. 


5.6 
Slave Address S1AOR 


S1ADR (DBHl 


bit7 
bit6 
bit5 
bit4 


SLA6 
SLA5 
SLA4 
SLA3 


bit3 
bit2 
bit1 
bitO 


SLA2 
SLA1 
SLAO 
GC 


GC 
= 
0, general CALL address is not 
recognized; 


=1, general CALI address is 


recognized. 


SLA<6:0> own slave address 


This 8-bit register may be loaded with the 
7-bit slave address to which the controller will 
respond when programmed as slave 
receiverltransmitter. The LSB bit (GC) is used 
to determine whether the general CALL 
address is recognized. 


For the detailed 12Cspecification, refer to the 
section 3.8 S101, 12Cserial 1/0 (pp3-27 thru 
3-49) of the specification 'Single chip 8-bit 
Microcontrollers PCB83C5521562'; Ordering 
information 12NC 9398 650 20011. 
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6. 
INTERRUPTSYSTEM 
External events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronous to the execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution a multiple-source, 
two-priority-ievel, nested interrupt system is 
provided. The PB3CL16B acknowledges 
interrupt requests from thirteen sources as 
shown in Table 3. 


Each interrupt vectors to a separate location 
in program memory for its service rou1ine. 
Each source can be individually enabled or 
disabled by corresponding bits in the interrupt 
Enable Registers (IE, IEO). The priority level 
is selected via the interrupt priority 
register(IPO,IP1). All enabled sources can be 
globally disabled or enabled. 


6.1 
External Interrupts INT2,3, 
4 and INT9and Interrupts 
5,6,7,8 
(used by 
derivative functions) 
Port 1 lines serve an alternative purpose as 
four additional interrupts 
INT2, 3, 4 and 9 


(P10, P11, P12and PH). 
The Interrupt 


INT5, 6, 7 and B which were connected to 
port P13, 14, 15 and 16 in the standard 
PB3CL410 are no longer connected to these 
pins. Instead, they are used separately by 
the derivative functional blocks as follows: 


X5 
High speed B-bit serial I/O 
0053H 


X6 
Remote Control preprocessor 
005BH 


X7 
VSYNC interrupt 
0063H 


XB 
T2 (AC frequency counter) 
006BH 


Using the 1X1 register, each pin may be 
initialized to either active HIGH or LOW. 
(INT2, 3, 4 & 9 only,S, 
6, 7, B are fixed to 


active high because these interrupt are from 
other derivative functions.) IRQ1 is the 
interrupt request flag register. Each flag, if the 
interrupt is enabled, will be set on interrupt 
request but it must be cleared by software, 
I.e., via the interrupt software or when the 
interrupt is disabled. 


PRIORITY 
SOURCE 
VECTOR 


(within level) 
(address 
in HEX decimal) 


PXO(Highest) 
External Interrupt 0 (INTON) 
0003H 


Sl 
12C 
002BH 


PX5 
High speed B-bit serial I/O 
0053H 


TO 
Timer 0 
OOOBH 


PX6 
Remote Control preprocessor 
005BH 


PX1 
External Interrupt 1 (INT1N) 
0013H 


PX2 
P10 (port line 10) 
003BH 


PX7 
VSYNC interrupt 
0063H 


T1 
Timer 1 
001BH 


PX3 
P11 (port line 11) 
0043H 


PXB 
T2 (AC frequency counter) 
006BH 


PX4 
P12 (port line 12) 
004BH 


PX9 (Lowest) 
P17 (port line 17) 
0073H 
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Bit 
Symbol 
Function 


IENO.7 
EA 
General enable/disable control 


0= 
no interrupt is enabled 


1= 
any individually enabled interrupt will be accepted 


IENO.6 
- 
(unused) 


IENO.5 
ES1 
enable 
12C SIO interrupt. 


IENO.4 
- 
(unused) 


IENO.3 
En 
enable Tirner T1 interrupt 


IENO.2 
EX1 
enable external interrupt 1 


IENO.1 
ETO 
enable Tirner TO interrupt 


IENO.O 
EXO 
enable external interrupt 0 


Bit 
Symbol 
Function 


IEN1.7 
EX9 
enable external interrupt 9 (P17 port line) 


IEN1.6 
EX8 
enable external interrupt 8 (T2: 8-bit counter) 


IEN1.5 
EX7 
enable external interrupt 7 (VSYNC interrupt) 


IEN1.4 
EX6 
enable external interrupt 6 (Rernote control preprocessor) 


IEN1.3 
EX5 
enable external interrupt 5 (High speed 8-bit serial I/O) 


IEN1.2 
EX4 
enable external interrupt 4 (P12 port line) 


IEN1.1 
EX3 
enable external interrupt 3 (P11 port line) 


IEN1.0 
EX2 
enable external interrupt 2 (P10 port line) 


where 
0 = 
interrupt disabled 
1 = 
interrupt enabled 
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6.3 
Interrupt Priority Registers IPO,IP1 


IPO(B8H) 


Bit 
Symbol 
Function 


IP.7 
- 
(unused) 


IP.6 
- 
(unused) 


IP.5 
PS1 
12CSIO interrupt priority level 


IP.4 
- 
(unused) 


IP.3 
PT1 
TImer 1 interrupt priority level 


IP.2 
PX1 
External interrupt priority level. 


IP.1 
PTO 
TImer 0 interrupt priority level. 


IP.O 
PXO 
External interrupt 0 priority level. 


Bit 
Symbol 
Function 


IP1.7 
PX9 
external interrupt 9 priority level (P17 port line) 


IP1.6 
PXB 
extemal interrupt B priority level (T2: 
B-bit counter) 


IP1.5 
PX7 
external interrupt 7 priority level (VSYNC interrupt) 


IP1.4 
PX6 
external interrupt 6 priority level (Remote control preprocessor) 


IP1.3 
PX5 
external interrupt 5 priority level (High speed B-bit serial 1/0) 


IP1.2 
PX4 
external interrupt 4 priority level (P12 port line) 


IP1.1 
PX3 
external interrupt 3 priority level (P11 port line) 


IP1.0 
PX2 
external interrupt 2 priority level (P10 port line) 


Interrupt priority is as follows: 
o-Iow priority; 
1-high priority 


Writing either a "1" or "0" to an IX1 register bit sets the polarity level of the corresponding 
extemal interrupt to active HIGH (=1) or LOW (=0) respectively. 
But IX1<6:3> is fixed to 


1 (active high). 


Bit 
Symbol 
Function 


IX1.7 
IL9 
extemal interrupt 9 polarity level (P17 port line) 


IX1.6 
IL8 
extemal interrupt 8 polarity level (T2: 8-bit counter) 


IX1.5 
IL7 
extemal interrupt 7 polarity level (VSYNC interrupt) 


IX1.4 
IL6 
extemal interrupt 6 polarity level (Remote control preprocessor) 


IX1.3 
IL5 
extemal interrupt 5 polarity level (High speed 8-bit serial I/O) 


IX1.2 
IL4 
extemal interrupt 4 polarity level (P12 port line) 


IX1.1 
IL3 
extemal interrupt 3 polarity level (P11 port line) 


IX1.0 
IL2 
extemal interrupt 2 polarity level (P10 port line) 


6.5 
Interrupt 
Request 
Flag Register 
IRQ1 


IRQ1 
(COH) 


Bit7, 2, 1,0 are set to one when the 
corresponding bit in IEN1 SFR is enabled 
and its corresponding port line 17, 12, 11, 10 
is high (if polarity IX1.y, y=7, 2, 1,0, is setto 
high). A pending interrupt is generated to 
CPU. If IEN1.7, 2, 1 or 0 is 0 (disabled) then 
IRQ1.7, 2, 1, or 0 will never set to 1 even the 
extemal port line condition is met. Reset of 
IRQ1.7, 2, 1,0 can be done by software write 
"0" only. 


But for IRQ1.6, 5, 4, 3, these four bits serve 
not only as an pending interrupt request bits 
like IRQ1.7, 2, 1,0 but also as the interrupt 
status bits. This means even if IEN1.6, 5, 4, 3 
is NOT enabled, the IRQ1.6, 5, 4, 3 can still 
be set to one if the interrupt condition is met 
within the corresponding derivative functions. 


That is, for example, if the interrupt condition 
within Counter T2 is met (i.e., overflow), then: 
• IflENO.7 = X, IEN1.6 = 0 -> 
then IRQ1.6 


= 1, no pending interrupt to CPU. 


• If IENO.7 =0, IEN1.6 = 1 -> 
then IRQ1.6 = 
1, interrupt to CPU is pending. 


• IflENO.7 = 1, IEN1.6 = 1 -> 
then IRQ1.6 


= 1, interrupt will be served as soon as 


- 
CPU finishes current instruction, if not in 
the interrupt service routine. 


- or the current interrupt service routine is 
interrupted if the T2 has higher interrupt 
priority 


- or this T2 interrupt becomes pending, 


waiting until the current higher priority 
level interrupt is served. 


Bit 
Symbol 
Function 


IRQ1.7 
IQ9 
extemal interrupt 9 request flag (PH port line) 


IRQ1.6 
IQ8 
extemal interrupt 8 request flag (T2: 8-bit counter) 


IRQ1.5 
IQ7 
extemal interrupt 7 request flag (VSYNC interrupt, see chapter 13) 


IRQ1.4 
IQ6 
extemal interrupt 6 request flag (Remote control preprocessor, see 
chapter 14) 


IRQ1.3 
IQ5 
extemal interrupt 5 request flag (High speed 8-bit serial I/O, see 
chapter 15) 


IRQ1.2 
IQ4 
extemal interrupt 4 request flag (P12 port line) 


IRQ1.1 
IQ3 
extemal interrupt 3 request flag (P11 port line) 


IRQ1.0 
IQ2 
extemal interrupt 2 request flag (P10 port line) 
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6.6 
Interrupt Priority 
Each interrupt source can be set to either 
high or low priority. If both priorities are 
requested simultaneously, the controller will 
branch to the high priority vector. 


A low priority interrupt can only be interrupted 
by a high priority interrupt. A high priority 
interrupt routine cannot be interrupted. 


6.7 
Related Registers 
The following registers are used in 
conjunction with the interrupt system: 


Register 
Function 
SFR 
Address 


1X1 
interrupt polarity 
E9H 
register 


IRQ1 
interrupt request 
COH 
flag register 


IENO 
interrupt enable 
A8H 
register 


IEN1 
interrupt enable 
E8H 
register 
(INT2-INT9) 


IPO 
interrupt priority 
B8H 
register 


IP1 
interrupt priority 
F8H 
register 
(INT2-INT9) 


7. 
OSCILLATORCIRCUITRY 
The on-chip oscillator circuitry of the 
P83CL 168 is a single-stage inverting 
amplifier biased by an internal feedback 
resistor (Figure 7). For operation as a 
standard quartz oscillator, no external 
components are needed. When using 
external ceramic resonators, different 
configuration is supported (see Figure 8 and 
oscillator options). 


7.1 
Oscillator Options 
Table 4 lists oscillator transconductance 
options as provided for optimum on-chip 
oscillator performance. Please state option 
when ordering. 
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Transconductance 
(Gm) Mask Options Specifiy the Desired Oscillator Frequency 


Option 
Typ.Gm@ 
5V 
fosc for Quartz 
fosc for Ceramic Resonator 
NOTE: 


0 
MED(GmM) 
1.6mAN 
4 -12MHz 
1 -6MHz 
The frequency used in 
P83CL168 spec. is 4 to 
0 
HIGH (GmH) 
4.5mAN 
10 -16MHz 
3-16MHz 
12MHz. 
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8. 
RESET CIRCUITRY 
ANDSFR MAP 


To initialize the PB3CL16B a reset is 
perfonned by either of two methods: 
• via the RST pin 


• via a power-on-reset 


SFR addr 
Register 
Content 


EOH 
ACC 
00000000 


FOH 
B 
00000000 


82H 
DPL 
00000000 


83H 
DPH 
00000000 


A8H 
lED 
00000000 


E8H 
IE1 
00000000 


B8H 
IPO 
xxOO0000 


F8H 
IP1 
00000000 


E9H 
IX1 
00000000 


COH 
IRQ1 
00000000 


DOH 
PSW 
00000000 


87H 
PCON 
Oxxx 0000 


BOH 
PO 
11111111 


90H 
P1 
11111111 


AOH 
P2 
11111111 


BOH 
P3 
11111111 


B1H 
P4 
11111111 


B2H 
P5 
11111111 


B3H 
P6 
xxxx xx11 


DBH 
SlADR 
00000000 


D8H 
SlCON 
XOOO0000 


DAH 
SlOAT 
00000000 


D9H 
SlSAT 
11111000 


B1H 
SP 
00000111 


BBH 
TCON 
00000000 


8CH 
THO 
00000000 


8DH 
TH1 
00000000 


8AH 
TLO 
00000000 


8BH 
TL1 
00000000 


89H 
TMOD 
00000000 


B6H 
12CCON 
xxxx xxOO 


9BH 
OSAT 
xxx11111 


99H 
OSDT 
11111111 


9AH 
OSAD 
00000000 


CBH 
RCMV 
00000000 


CAH 
RCM 
xxOO0000 


C1H 
OSCON 
xx011100 


C2H 
OSORGV 
xx111111 


C3H 
OSORGH 
xx111111 


C4H 
OSPLL 
xx010000 


C5H 
OSSTART 
00000000 


C6H 
HIOD 
xxxx xxxx 


C7H 
HIOCON 
xxxO 0000 


CBH 
AFCON 
xOOOOOOx 


C9H 
VINT 
xxxx xxxx 


CCH 
P1SEL 
00000000 


CDH 
P4SEL 
00000000 


CEH 
P5SEL 
00000000 


CFH 
OSCON2 
xxOOOOOx 


D2H 
VSTL 
xOOO0000 


D3H 
VSTH 
xOOO0000 


E4H 
PWMO 
xOOO0000 


E5H 
PWM1 
xOOO0000 


E6H 
PWM2 
xOOO0000 


E7H 
PWM3 
xOOO0000 


ECH 
PWM4 
xxOO0000 


EDH 
PWM5 
xxOO0000 


EEH 
PWM6 
xxOO0000 


EFH 
PWM7 
xxOO0000 


8EH 
T2 
00000000 


The reset state of the port pins is 
mask-programmable 
and can therefore be 
defined by the customer. 


The output of the Schmitt trigger is sampled 
by the reset circuitry every machine cycle. 


A reset is accomplished by holding the RST 
pin HIGH for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. The CPU responds by generating an 
intemal reset. Port pins adopt their reset state 
immediately after RST goes HIGH. 


The external reset is asynchronous to the 
internal clock. The RST pin is sampled during 
State 5 phase 2 of every machine cycle. After 
a HIGH is detected at the RST pin, an 
intemal reset is repeated every cycle until 
RST goes LOW. 


The intemal RAM is not affected by reset. 
When Voo is retumed on the RAM contents 
remain unchanged. 


JT 


RESET 
RST 
r--- 
CIRCUITRY 


/i7 


The rest input to the PB3CL16B is RST pin. A Schmitt trigger qualifies the input for noise rejection. 


Figure 9. Reset Configuration 
at RST Pin 
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9. 
PORT/ALTERNATIVE 
FUNCTION SELECTION 


The port lines 1, 3, 4 and 5 are shared with 
the derivative functions' input or output pin. 
To configure these pins to either port lines or 
alternative functions, the following SFR are 
required. 


9.1 
Port 1 Selection - P1SEL 


P1SEl 
(CCH) 


bit7 
bit6 
bit5 
bit4 


PWM7E 
PWM6E 
PWM5E 
PWM4E 


bit3 
bit2 
bit1 
bitO 


PWM3E 
PWM2E 
PWM1E 
PWMOE 


Port 1 is shared with the 6 or 7-bit PWM's 
(pins 8, 9,10,21,22,23,24,25). 
When the 


corresponding bit i (i=7 - 0) in the P1SEL is 
programmed to 1, the pin functions as the 
output of the PWMi. If that bit is '0' then port 
I'ne 1i is connected to that pin. 


Abbreviations used in the following table, 


Bit: 
bit i (i=7 - 0) of the register 


?In; 
pin number which contains the 
multiplexed 1/0 and alternative 
function 


=1: 
when that bit =1, the pin xx becomes 
the alternative function indicated. 


=0: 
when that bit = 0, the pin xx becomes 
the port line yy. 


Bit 
pin 
=1 
=0 


P1SEL.7 
44 
PWM7 
PH 


P1SEL.6 
43 
PWM6 
P16 


P1SEL.5 
42 
PWM5 
P15 


P1SEL.4 
41 
PWM4 
P14 


P1SEL.3 
40 
PWM3 
P13 


P1SEL.2 
39 
PWM2 
P12 


P1SEL.1 
38 
PWM1 
P11 


P1SEL.0 
37 
PWMO 
P10 


9.2 
Port 3 Selection 
Part of the port 3 lines are multiplexed with 
the input pins of the external interrupt INTON 
and INT1 N and the timerlcounter input pins 
TO and T1. To configure these pins into the 
alternative input functions, the corresponding 
bit in the port latch should be programmed to 
1. No special control required for this 
selection. Port 31 is no longer available. 


bit7 
bit6 
bit5 
bit4 


AFC3E 
AFC2E 
AFC1E 
AFCOE 


bit3 
bit2 
bit1 
bitO 


TDACE 
DINE 
CLKE 
DOUTE 


An '1' in the corresponding bit enable the pin 
as the alternative 
function. 


A '0' makes the pin as a general 1/0 port line. 


AFC3E, AFC2E, AFC1 E, AFCOE are to 
control the pins 34, 33, 32 and 31 as either 
port line 47, 46, 45 and 44 or the Automatic 
Frequency 
Control inputs 3, 2, 1, or O. 


TDACE is to control the pin 30 as 14-bit 
PWM output or the 1/0 port 43. 


DINE, CLKE, DOUTE are to control the pins 
29, 28, 27 as the high speed 8-bit serial 1/0 
function or port line 42, 41 and 40. 


Bit 
pin 
=1 
=0 


P4SEL.7 
34 
AFC3 
P47 


P4SEL.6 
33 
AFC2 
P46 


P4SEL.5 
32 
AFC1 
P45 


P4SEL.4 
31 
AFCO 
P44 


P4SEL.3 
30 
TDAC 
P43 
P4SEL.2 
29 
DIN 
P42 


P4SEL.1 
28 
ClK 
P41 


P4SEL.0 
27 
DOUT 
P40 


9.4 
Port 5 Selection - PSSEL 


P5SEl 
(CEH) 


bit7 
bit6 
bit5 
bit4 


RMCE 
T2E 
- 
OSDBE 


bit3 
bit2 
bit1 
bitO 


SCL2E 
SDA2E 
SCL1E 
SDA1E 


A '0' makes the pin as a general 1/0 port line. 


Port 55 is no longer available. 


Bit 
pin 
=1 
=0 


P5SEL.7 
26 
RMC 
P57 


P5SEL.6 
25 
T2 
P56 


P5SEL.4 
58 
B 
P54 


P5SEL.3 
3 
SCL2 
P53 


P5SEL.2 
4 
SCL1 
P52 


P5SEL.1 
5 
SDA2 
P51 


P1SEL.0 
6 
SDA1 
P50 
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10. 
ANALOG 
CONTROL: 
6-BITn-BIT PWMs 
The P83CL168-VST has eight PWM DAC 
outputs for analog controls of, e.g., volume, 
balance, brightness and saturation. These 
PWM outputs generate pulse patterns with a 
repetition rate of Fpwm/64 or Fpwm/128. The 
analog value is determined by the ratio of the 
HIGH-time and the repetition time. A DC 
voltage proportional to the PWM control 
selling is obtained by means of an external 
integration network (low pass filter). PWMD-3 
is 7 bit while PWM4--7 is 6 bit. 


The polarity of the PWMn output is fixed to 
active high. For those people who are familiar 
with Philips PCA84C846 TV microcontroller 
arChitecture, the active high output means 
P6LVL and P7LVL bit of derivative register 
23H are programmed to '0'. Refer to 
PCA84C846 specification for details. 


10.1 
SFRs for PWMs Control 
The following SFR's are the data registers of 
the 7-bit PWM's and 6-bit PWM's. 


bit7 
bit6 
bitS 
bit4 
- 
data6 
dataS 
data4 


bit3 
bi12 
bit1 
bilO 


data3 
data2 
data1 
dataO 


bit7 
bit6 
bitS 
bit4 
- 
data6 
dataS 
data4 


bit3 
bi12 
bit1 
bitO 


data3 
data2 
data1 
dataO 


bit7 
bit6 
bitS 
bit4 
- 
data6 
dataS 
data4 


bit3 
bi12 
bit1 
bitO 


data3 
data2 
data1 
dataO 


bit7 
bit6 
bitS 
bit4 
- 
data6 
dataS 
data4 


bit3 
bi12 
bit1 
bitO 


data3 
data2 
data1 
dataO 


bit7 
bit6 
bitS 
bit4 
- 
- 
dataS 
data4 


bit3 
bi12 
bit1 
bitO 


data3 
data2 
data1 
dataO 


bit7 
bit6 
bitS 
bit4 
- 
- 
dataS 
data4 


bit3 
bi12 
bit1 
bitO 


data3 
data2 
data1 
dataO 


bit7 
bit6 
bitS 
bit4 
- 
- 
dataS 
data4 


bit3 
bi12 
bit1 
bitO 


data3 
data2 
data1 
dataO 


bit7 
bit6 
bitS 
bit4 
- 
- 
dataS 
data4 


bit3 
bit2 
bit1 
bitO 


data3 
data2 
data1 
dataO 


The high time of a PWMn output is: 


Thigh= [PWMn)"to 


where [PWMn) is the "contents of PWMn 
data latch" and 


to = 1/Fpwm (in which Fxtal/3 = Fpwm). 


Figure 10 and Figure 11 show active high 
PWM output patterns. The rising edge of the 
8 different PWM's are separated by one 
Fpwm as shown in Figure 12. Figure 13 and 
Figure 14 show the block diagram. 
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Objective specification 
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Figure 10. Example of 6-Bit PWM Output Pallern 
(H = High Level, L = Low Level) 
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Figure 11. Example of 7-Blt PWM Output Pallern 
(H = High Level, L = Low Level) 
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11. 
VST CONTROL- 
14 BIT PWM DAC 


The P83CL 168 has one PWM DAC output 
with a resolution of 16384 levels for voltage 
synthesized tuning, the VST DAC (Figure 
12.1). The PWM DAC consists of: 
• two 1·bi! DAC interlace latches (VSTH, 
VSTL) 


• one 14 bit DAC data latch (VSTREG) 


• 14 bit counter 


• pulse control 


transferred from the interlace latches (VSTH, 
VSTL) to the data latch (VSTREG). The 
upper seven bits are used for coarse 
adjustment, while the lower seven bits are 
used for fine adjustment. 
The contents of the data latch (VSTREG) 
defines the high time. This content is 


(SFR 
addr 
: D3H) 


DAC interface 
data latch 
7 bif(VSTH) 


(SFR eddr : D2H) 


DAC interface 
data latch 
7 bit (VSTL) 


data load 
timing pulse 


load 
(1'st -> 2'nd) 
DAC data latch 
(VSTREG) 


TDAC output of 
derivative 
block 


) 
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T.., 
T.., 


VS1'H 
vsn. 
vsJ,VSTt 
.• mete 
n.o VSTREG 


T.., 
T.., 


VSl>< 
vsn. 


T.., 


j 


T.., 


vsn. 
VSlli,vsnilt-d«t 


VS1'H 
i"IloVSTREG 


11.1 
Repetition Time 


upper 7 bits (VSTH): 


Fth= Ftdac1128 


lower 7 bits (VSTL): 


Fu= Fth1128 = Ftdac/16384 


The data from "VSTH", "VSTL" is latched into 
"VSTREG" at the beginning of the first Tsub 
after "VSTL" is written. So, in order to be sure 
that the correct data is latched into 
"VSTREG", "VSTH" must contain the right 
value before "VSTL" is written. (Fig 16, 
Note: in case 1 and case 2, a new value for 
VSTH, VSTL is latched into VSTREG. In 


case 3, VSTL, together with an old value of 
VSTH are latched into VSTREG). 


After VSTH, VSTL is latched into VSTREG, it 
takes one Tsubto generate the appropriate 
pulse pattem. So to ensure correct DIA 
converting, one should wait for two Tsub 
before changing VST(H)(L) again. 


Different from the 6-bifl7-bit PWM's active 
high, the output of the 14-bit PWM is active 
low; I.e., the high period of the output pulse is 
the value stored in the VSTHNSTL 
special 
function register. 


11.2 
Coarse Adjustment (VSTH) 


VSTH (D3H) 


bit7 
bit6 
bitS 
bit4 
- 
VSTD 
VSTC 
VSTB 


bit3 
bit2 
bit1 
bilO 


VSTA 
VST9 
VST8 
VST7 


Coarse adjustment (Figure 17) is done in 
periods of Tsub' During 1 Tsub'the coarse 
adjustment output (Out1 of Figure 15) is high 
while Is<= {VSTH+ 1J • 0 .The coarse 
adjustment output is high while [VSTHI"Io< Is 
< 128 "10. Where Is is the time within Tsub. 


j 


T.., 


vs.vsn. 0_"" 
VSTREG 


Tstd 


Tsubl 
Tsubm 
Tsub128 


II 
II 
II 
II 
I 


Tst 
Tsm 
Ts128 


- - -II 
. - ·11 
. - -II 


(V5TH+trIO 
(V5TH+t)'lO 
(V5TH+lrIO 
I 
I 
I 


(") 
I 
I 
I 
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11.3 
Fine adjustment (VSTL) 


VSTL(02H) 


If, for example VSTH="OOll101" 
VSTL="1111101", then TDAC looks like in 
Figure 20. The additional pulses are 
generated in subperiods 32 and 96. 
bn7 
bit6 
bitS 
bit4 
- 
VST6 
VST5 
VST4 


bns 
bn2 
bitl 
bitO 


VST3 
VST2 
VSTl 
VSTO 


Fine adjustment is done with additional 
pulses, generated in particular subperiods. 
The contents of VSTL indicates in which 
periods an additional pulse is generated. 


During Tstd, 0 (VSTL=llll 
111) to 
127 (VSTL=OOOO000) additional pulses can 
be generated. Table 5 shows the relation 
between the contents of the VSTL and the 
subperiods (Tsub)during which an additional 
pulse is generated. (Pulse distribu1ion). 


Lower 7 Bit Data (VSTL) 
Additional 
Pulse In Subperlods 
TSUBH 
Binary Position 


(111 
1110) 
64 
1 
0 
0 
0 
0 
0 
0 


(111 
1101) 
32,96 
" 
1 
0 
0 
0 
0 
0 


(111 
1011) 
16,48,80, 
112 
· · 
1 
0 
0 
0 
0 


(111 
0111) 
8, 24, 40, 56, 72, 88, 104, 120 
· 
· · 
1 
0 
0 
0 


(110 
1111) 
4,12,20,28,36,44,52,60, 
.... 116, 124 
· · · · 
1 
0 
0 


(101 
1111) 
2,6,10,14,18,22,26,30, 
.... 122, 126 
· · 
· 
· 
. 
1 
0 


(011 
1111) 
1,3,5,7,9,11,13,15,17, 
.... 125, 127 
· 
· · 
· 
. 
. 
1 


(1111111) 


(1111110) 


(1111101) 


(111 1100) 


(1111011) 


(11110101 


(0000001) 


(000ססOO), 
loww7 
bldl.t11 
(VS1l.) 


---------------------- 
__ 
H 
L 
LJ.----------- 
~ 
r----------~ 
~-- __ 
H 


L 
~----H 


L 
H 
L 
H 


L 
II 
H 


----------- 
----------- 
L 
II 
H 
-----------------------L 
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Taubl 
~-~II 


II 


T •• b32 
I~I-~II 


TI32 
I 
II 


Taub128 
I~I-~I 


TI128 


t--I 
- 
II 


II 


T••• 
It--- 


(VSTH+l)"tO 
I 
~ 


(VSTH+l)°tO 
I 


~ 


Example 
TO .•••C output 
pulse 
W'here [VSTH). 
0011101 
and (VSTl]. 
1111101, 
additional 
pulses 
In 


subperiods 
32 and 96 


(0): Coarse 
output 
(out1. 
fig 12.1) 


('): 
Fine adjustment 
output 
(0012. fig 12.1) 
(51: 
TOAC 
output 
(outl. 
01.112) 
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VLVL 
VSYNC input pin (#57) level. 


(case 1) 
If VSYNC polarity is programmed 
to active high (see section 17.4 for 
detail), then when 


VLVL = 0 means VSYNC is at low 
level, i.e., raster scan period 


VLVL = 1 means VSYNC is at high 
level, i.e., vertical fly back period 


(case 2) 
If VSYNC polarity is programmed 
to active low, 


VLVL = 0 means VSYNC is at low 
level, i.e., vertical fly back period. 


VLVL = 1 means VSYNC is at high 
level, i.e., raster scan period. 


AFCC 
The comparison result, 
=0, AFC input voltage is LOWER 
than the reference voltage 
=1, AFC input voltage is HIGHER 
than the reference voltage 


Conversion time of AFC is no longer than 
8uS at 12MHz. Some "NOP" instructions are 
recommended to add in between the 
instruction which changes the reference 
voltage or channel and the instruction which 
reads the AFCC register bit. 


Make sure that pin 31, 32, 33 or 34 are 
configured as AFC function before you can 
use them (see chapter 9). 


12. 
AFC (A TO 0 CONVERTER) 
INPUTS 


There are 4 NO converter channels with 4-bit 
resolution. One of them is intended to 
measure the level of the Automatic 
Frequency Control signal. This is done by 
comparing the AFC signal with the output of a 
4-bit D/A converter as shown in Figure 21. 


12.1 
AFC Control 
Register - 
AFCON 


AFCON(C8H) 


bit7 
bitS 
bitS 
bit4 
- 
AFCH1 
AFCHO 
AFCL3 


bit3 
bit2 
bit1 
bitO 


AFCL2 
AFCL1 
AFCLO 
AFCC 
13.1 
Interrupt 
Request 
- IQ7 


107 is the bit 5 of the SFR IR01 (address 
COH). 


107 
a leading edge of the active 
VSYNC generates a pending 
interrupt to the CPU and makes 
107 bit high. In the service routine, 
this bit should be cleared before 
return to main routine. As long as 
this bit is high, a pending interrupt 
is always there. Each time VSYNC 
is active by the leading edge 107 
bit is set to high. If the interrupt is 
not served by next leading VSYNC 
edge, the 107 is written to high 
again and no error of overrun is 
indicated. 


13. 
VSYNC 
INTERRUPT 
& 
LEVEL STATUS BIT 
VSYNC can generate an interrupt to the CPU 
if enabled. Vector address 0063H. 


VINT SFR is the register to indicate the level 
of VSYNC pin as well as generating the 
interrupt to the CPU. 


AFCH1, AFCHO 
AFC channel selection, 
=00, channel AFC 
=01, channel AFC1 
=10, channel AFC2 
=11, channel AFC3 


AFCL3 .. 0 
AFC comparison voltage level 
reference selection 
=0000, 1/1S"Vdd 
=0011, 211S"Vdd 
=0010, 311S"Vdd 


bit7 
bitS 
bitS 
bit4 
- 
- 
- 
- 


bit3 
bit2 
bit1 
bitO 
- 
- 
- 
VLVL 
=1110, 15/1S"Vdd 
=1111,1611S"Vdd 


AFCfunction_biI- 
(SfR addr: COH) 
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14. 
REMOTE CONTROL 
PRE-PROCESSOR 


The remote control pre-processor is used to 
measure the pulse width of two rising or 
falling edge of a continuous transmitted 


pulses. It can also count the high level or low 
level length of a particular pulse. 


Programmable pulse width digital filter can 
reduce the noise. 


14.1 
Block Diagram 


Figure 22 shows the block diagram. 


The pulse width measurement can be 
selected from one of the two modes in 
Figure 23. 


J 


f 
• 
DATA 1 (8-BIT) 
I 


I. 
DATA 2 
.1 


1 
I 
DATA 3 


1 
I· 


INTERRUPT 
INTERRUPT 


__ 
t 


-1. 
.l. 
.1. 
I 


DATA 
1 
DATA 2 
DATA 3 
DATA 4 
II 
• 


(lVL+ 
7-BIT) 
I 
I 
I 
I 


INTERRUPT 
INTERRUPT 


14.2 
The Operation 
• To start the remote control preprocessor, 


SFR address CEH, the P5SEl register's 
bit 7 must be programmed to 1. 


• The remote control pulse can be inverted 
or gone through for next stage processing 
at the input pin stage (polarity selection, bit 
<MU>6<D> of RCM SFR, see section 
15.3). 


• The digital filter and sampling counter 


measures the pulse width of the following 
two conditions 


- 
Mode 0: 
In between two rising edge, the pulse is 
sampled after the polarity selection 
circuitry shown in Figure 22 - RCM 
counter is 8-bit long. 


- 
Mode 1: 
In between rising and falling edge (high 
level) and then falling edge to next rising 
edge (low level) - 
RCM counter is 7-bit 
long. The MSB (8th bit) indicates the 
high (=1) or low (=0) level of the pulse at 
the input pin stage (non inverted, i.e., the 
level at the RMC pin, not after the 
polarity selection). 


• After a complete pulse width is measured, 


the data stored in the RCM counter is 
pushed into a SFR called RCMV (address 
CBH) and a pending interrupt is generated 
to the CPU. Status flag 106 (the bit 4 of 
SFR IR01) is raised to 1 and RCM counter 
is cleared to 0 for next counting (no matter 


jf IENI,4 is enabled or not). 


• If the pulse width is longer than the RCM 
counter can count (7-bit in mode 1 and 
8-bit in mode 0) and make it overflow, the 
data in the counter is cleared to 0 and an 
overflow flag (OVR) is raised plus a 
pending interrupt is generated (106 = 1). 


• If the interrupt is pending too long such that 
next data is ready and overwrite the RCMV 
then an error flag (OVR) plus a pending 
interrupt is generated. (i.e., while 106=1 
and a new data is ready to push into 
RCMV) 


• 
In the service routine, overflow and error 
check (OVR flag) and clear 106 bit to 0 is a 
must. 


• In summary, status bit OVR and 106 (when 
the preprocessor is enabled): 


- 
OVR=O, 106=0: 
Software is in service routine. 106 bit is 
just cleared by service routine, RCMV 
data is correct. 


- 
OVR=O, 106=1 : 
The counter has pushed the data into 
RCMV and an interrupt is pending by the 
CPU. 


- 
OVR=1, 106=1: 
A pending interrupt to the CPU indicates 
error happened either by overflow in the 
counter and/or overwrite of previous 
data in the RCMV. OVR should be 
cleared by software to ensure further 
operation. 


- 
OVR=1, 106=0: 
Software in service routine. 106 bit is 
cleared by service routine. RCMV data is 
not correct. OVR should be cleared by 
software to ensure further operation. 


• If the P5SEL. 7 bit is programmed to 0, 


- 
the remote control preprocessor is 
stopped, 


- 
the data in the counter is cleared to 0, 


- the pending interrupt status bit (106) and 
overflow/overwrite flag (OVR) are 
cleared 


- 
and pin 26 acts as P57 I/O port line. 


14.3 
Control, Status and Data 
Registers 


RCM(CAH) 


bit7 
bit6 
bitS 
bit4 
- 
RCPOl 
RCF1 
RCFO 


bit3 
bi12 
bit1 
bitO 


RCS1 
RCSO 
RCM 
OVR 


RCPOl 
Remote control pulse level polarity 
selection, This bit is to invert the 
input pulse polarity if two falling 
edge distance is to be measured 
by mode 0 controlled by bit 1 of 
RCMSFR. 


=0, the input level at pin 26 is not 
inverted internally 


=1, the level is inverted. 


RCF1,O 
Digital filter noise reduction time 
base selection 


=00, the sampling base clock is 
fose / 96 (if fose=12MHz, 
then the 
base clock is 8uS, any pulse which 
is shorter than 241'S (max.) will be 
filtered out. 


=01, the sampling base clock is 
fose / 192 (illose=12MHz, 
then 
the base clock is 161'S, any pulse 
which is shorter than 481'S (max.) 
will be filtered out. 


=10, the sampling base clock is 
fose / 384 (if fose=12MHz, then 
the base clock is 321'S, any pulse 
which is shorter than 961'S (max.) 
will be filtered out. 


=11, the sampling base clock is 
fose / 768 {if fose=12MHz, 
then 


the base clock is 641'S, any pulse 
which is shorter than 1921'S (max.) 
will be filtered out. 


RCS1,0 
Remote control pulse width 
measurement time base selection 


=00, the sampling base clock is 
fose /192 
(if fose=12MHz, 
then 


the base clock is 161'S) 


=01, the sampling base clock is 
fose / 384 (if fose=12MHz, 
then 


the base clock is 321'S) 


=10, the sampling base clock is 
fose / 768 (it fose=12MHz, 
then 


the base clock is 641'S) 


=11, the sampling base clock is 
fose /1536 
(if fose=12MHz, 
then 
the base clock is 1281'S) 


RCM 
Measurement mode selection 


=0 (mode 0), measuring of the 
pulse width of two rising edge at 
the point after polarity selection 
circuitry. Counter is 8-billong. 


=1 (mode 1), measurement of the 
pulse width from rising edge to 
falling edge, counter is 7-bit long 


OVR 
Overflow/overwrite 
flag 


=0, no problem 


=1, overflow of counter or overwrite 
to RCMV 


Interrupt 106 - 
bit 4 of IR01 (see section 


7.5) 


106 
Interrupt pending status bit 


=0, no interrupt pending, cleared 
either by disable of the remote 
control preprocessor and/or service 
routine 


=1, pending interrupt 


bit7 
bit6 
bitS 
bit4 


lVUD7 
D6 
D5 
D4 


bit3 
bi12 
bit1 
bitO 


D3 
D2 
D1 
DO 


lVUD7 
in mode 0, this bit is the D7 of the 
width of two rising edge. 
in mode 1, this bit indicates the 
level of the pulse at the pin stage. 


= 0, low level; = 1, high level 


D6 .. 0 
the lower 7 bits of the pulse width 
either in mode 0 or 1. 
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15. 
HIGH SPEED a-BIT, 3·WIRE 
SERIALVO 


The high speed 8-bit, 3-wire senal 1/0 
features 1Mega baud rate maximum speed 
for very high speed data transmission in 
between CPU and other penpheral devices. 
Interrupt is generated whenever a completed 
byte has been sent or received. In the data 
transmission process, lSB first or MSB first 
can be selected by software. 


15.1 
The Block Diagram 


Figure 24 shows the block diagram. Clock 
can be selected from 1M, SOOK,2S0K 
(@fosc=12MHz)andextemalsource. 


15.2 
The Control Register 


HIOO(C6H) 


bit7 
bit6 
bitS 
bit4 


07 
06 
05 
04 


bit3 
bit2 
bit1 
bitO 


03 
02 
01 
DO 


HIOO is the 8-bit data register of the high 
speed 8-bit senal 1/0. ~._-- 


bit7 
bit6 
bitS 
bit4 
- 
- 
- 
ClKE 


bit3 
bit2 
bit1 
bitO 


OOUTE 
ClK1 
ClKO 
OIR 


ClKE 
clock pin Hi-Z or enable selection 
(if pin 28 is selected as ClK 
function) 


=O,Hi-Z 


=1, ClK pin is dnven by the high 
speed 1I0's clock signal 


OOUTE 
data out pin Hi-Z selection (if pin 20 
is selected as Oout function) 


=0, Hi-Z 


=1, Oout pin is dnven by the high 
speed 1I0's data signal 


ClK1 
.. 0 
clock source selection 


=00, fosc!12 
(=lMHz 
@Fosc=12MHz) 


=01, fosc/24 


=10, fosc!48 


=11, extemal source from ClK pin 


OIR 
Shift direction control 


When in the shift out operation 
=0, MSBfirst 
=1, lSB first 


When in the shift in operation 
=1, first bit becomes the MSB of 
the data byte 
=0, first bit becomes the lSB of the 
data byte 


Interrupt 105 - bit 3 of IR01 SFR 


105 
High speed 1/0 interrupt status bit, 
raises to '1' when a complete byte 
has been sent or received. 


=1, a pending interrupt 


=0, no pending interrupt 


---~ 


ConlroV 


Interrupt 
logic 


.....•..•-- 


~(~:c~ 


FoscJ12 
Foscl24 


FoscJ48 


extemal 


dock 
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15.3 
The Shift-In/Shift-Out 
Format 
Figure 25 shows the shift-in and shift-out data 
format. The falling edge of the clock (ClK) is 
the transition point of the Dout. The rising 
edge of the clock (ClK) samples the high/low 
level of the data on the Din line. 


15.4 
How to Program the 
High Speed I/O 
1. The operation to program bit 1 of SFR 
P4SEl (addr: CDH) to 1 is to enable the 
high speed 1/0 to standby status (ready 
for the shift-in or shift-out). In the mean 
time. one (or both) of the bi12and bit 0 of 
P4SEl can be programmed to 1 to 
function as the Din or Dout pin. 


2. 
Program bit1 of P4SEl to 0 'reset' the 
high speed 1/0 to stopflnitial status. 


15.4.1 
The Data Shift Out Procedure 
If internal clock source is selected. 
• Step 1. program HICON to: 


ClKE 
DOUTE 
ClK1 
1 1 
0 
0 
or1 
1 
0 
or1 
1 
1 


ClKO 
1/0 
1 
o 


• Step 2. write shift-out data to HIOD. 


- 
After the data is written into HIOD. the 
clock line ClK changes from high to low 
and data of 1st bit of HIOD (lSB. when 
DIR=1 or MSB. when DIR=O) is 
presented on the Dout pin. 


- Then the ClK is changed from low to 
high and this rising edge triggers the 
data bit on the Dout into the peripheral 
device's shift register. in the meantime. 
this rising edge also triggers the data bit 
(maybe invalid) on the Din pin into the 
MSB position (when DIR=1) or lSB 
position (when DIR=O). 


- 
Then the ClK is changed from high to 
low again and the 2nd bit is presented 
on the Dout pin. 


- This process continues 8 times when a 
complete data byte is sent through this 
shift out process. A pending interrupt is 
then generated to the CPU and a 


complete byte is ready and stored in the 
SFR HIOD which is the data sampled 
from Din. This data may be of no use 
and is discarded by the software. 


- After a complete byte is sent (shift-out). 


the ClK pin is kept high and Dout is 
having the last data bit presented. 


- Write to HIOD again is the way to restart 
next byte transmission. 


If external clock source is selected. 
• Step 1. program HICON to 
ClKE 
DOUTE 
ClK1 
ClKO 
DIR 
o 
1 
1 
1 
1/0 
• Step 2. write shift-out data to HIOD. 


- After the data is written into HIOD. the 
clock line ClK now is driven by extemal 
source and the first ClK high to low 
transition triggers the data of the 1st bit 
(lSB. when DIR=1 or MSB. when 
01R=O)of HIOD is presented on the 
Dout pin. 


- The process is the same as internal clock 


source except that the clock is driven by 
extemal source and the rising edgelfalling 
edge reference is by the extemal clock 
source. So at the end of the shift-out 
process. an interrupt is generated and a 
complete data byte sampled from Din is 
ready in HIOD register. 


15.4.2 
The Data Shift In Procedure 
If internal clock source is selected. 
• Step 1. program HICON to: 


ClKE 
DOUTE 
ClK1 
ClKO 
DIR 


1 
0 
0 
0 
1/0 


or 1 
0 
0 
1 
1/0 


or1 
0 
1 
0 
1/0 
• Step 2. write a dummy data to HIOD. 
- 
After this dummy data is written into 
HIOD. the clock line ClK changes from 
high to low which triggers the peripheral 
device to present its first data b~ on the 
Din pin. 


- Then the ClK is changed from low to 
high and this rising edge triggers the 
data bit on the Din pin into the shift 
register. Depending on the DIR. this bit is 
shifted into lSB (DIR=1) and it will 
become the MSB of the received byte; or 


MSB (DIR=O) and it will become the lSB 
of the received byte. 


- Then the ClK is changed from high to 


low again and the 2nd bit from peripheral 
device is presented on the Din pin. 


- This process continues 8 times then a 


complete data byte is received in HIOD 
through this shift in process. A pending 
interrupt is then generated to the CPU. 


- 
After a complete byte is received 
(shift-in). the ClK pin is kept high. 
- 
Dout pin in the whole process is in 
tri-state status if that pin is enabled as 
the Dout pin function. 
- 
Write to HIOD again is the way to restart 
next byte transmission. 


If external clock source is selected. 
• Step 1. program HICON to 


ClKE 
DOUTE 
ClK1 
ClKO 
DIR 


o 
0 
1 
1 
1/0 


• Step 2. write a dummy data to HIOD. 


- 
After this dummy data is written into 
HIOD. the clock line ClK is driven by 
external and the change from high to low 
indicates the peripheral device has 
presented its first data bit on the Din pin. 


- Then the ClK is changed from low to 


high and this rising edge triggers the 
data bit on the Din pin into the shift 
register. Depending on the DIR. this bit is 
shifted into lSB (DIR=1) or MSB 
(DIR=O). 
- Then the ClK is changed from high to 


low again and the 2nd bit from peripheral 
device is presented on the Din pin. 


- 
This process continues 8 times then a 
complete data byte is received in HIOD 
through this shift in process. A pending 
interrupt is then generated to the CPU. 


- After a complete byte is received 


(shift-in). the ClK pin is kept high. 


- 
Dout pin in the whole process is in 
tri-state status ilthat pin is enabled as 
the Dout pin function. 


- 
Write to HIOD again is the way to restart 
next byte transmission. Before this 
operation is done. any changes on the 
ClK/Din 
pins are ignored. 
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16. 
OSD (ON SCREEN 
DISPLAY) 
FUNCTION 


16.1 
Features 
• Programmable VSYNCN/HSYNCN 
active 
level 


• Display RAM: 160 x12 bit 


• Display character fonts: 128 


(126 customer font + 2 reserved) 


• One vertical display starting position 


counter 64 different starting positions 
controlled by software. 


• One horizontal display starting position 


control for OSD. 64 different positions 
controlled by software. 


• Character size: 4 different character size, 


line-by-line basis, 1 horizontal dot = 1 or 2 
OSD clock period. 1 vertical dot = 1 or 2 
horizontal scan lines. Individually 
controllable. 


• Character matrix: 12 • 18 with no spacing 


between characters 


• Foreground colors: 16, character-by- 


character basis 


• Background/shadowing 
modes: 


- Two primary modes: 


TV mode or Monitor mode, frame basis. 
In each group, three submodes are 
available. 


Sub-mode 1: 
superimpose (no background), 


Sub-mode 2: 


north-west shadowing, 


Sub-mode 3: 


box shadowing, 


all these three are character row basis. 


• Background coiors: 16, word-by-word 


basis. Available when background is either 
in "north-west shadowing", "box 


shadowing" and "frame shadowing" 
submodes. 


• Display RAM starting address is 


programmable. Fast switching between 
bank of display characters are possible 
through software control. 


• PLL oscillator for OSD function with 
software selectable OSD clock period (e.g., 
scalable character width by software) 


• Character blinking: 1:1 (frequency: 
Fv/32, 


Fv/64, programmable), character basis 


• Display format: Flexible display format by 


using CR (carriage return) and SP1, SP2 
(space) code. 


• Display RAM address post increment each 


time a new data is written into. 


• Vertical jitter cancelling circuit to avoid 
unstable VSYNC trailing edge mismatch 
HSYNC signal. 


• OSD clock operating range: 4 - 10MHz 


I 


j 
~ 


(VOW1) 
R 
(VOW2) 
G 
(VOSI 
(Vow., 
(VOW3) 
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16.2 
Horizontal 
and Vertical 
Display Position 
Control 


OSORGH (C3H) 


bit7 
bit6 
bitS 
bit4 
- 
- 
HPS 
HP4 


bit3 
bit2 
bit1 
bitO 


HP3 
HP2 
HP1 
HPO 


The horizontal position counter is increased 
every OSOC (OSO clock) cycle after the 
programmed level of HSYNCN occurs at the 
HSYNC terminal (pin) and is reset when the 
opposite polarity of the HSYNC is reached. 
Horizontal start position is controlled by SFR 
OSORGH which is a 6-bit register 
(Figure 27). 
Reference point: trailing edge of HSYNC. 


The horizontal starting position is calculated 
as: 


HPx = [4 • (HPS ... HPO)decimal+ 5] 
(OSO clock) 


Objective specification 


bit7 
bit6 
bitS 
bit4 
- 
- 
VPS 
VP4 


bit3 
bit2 
bit1 
bitO 


VP3 
VP2 
VP1 
VPO 


The vertical position counter is increased 
every HSYNC cycle and is reset by the 
VSYNC signal. 


Vertical start position is controlled by SFR 
OSORGV which is a 6-bit register too. 
Reference point: leading edge of VSYNC. 


The starting position is calculated as 


VPx = [4 • (VPS ... VPO) decimal] 
(horizontal scan lines) 


in which 


HSVNC I,~----------- 
~I 


j o~ •• , 


I---- 
> 
Personal perferranee 
Sound 


Picture 


Tuning 
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16.3 
OSD Clock Generator 


The clock generator is made of a PLL (Phase 
Lock Loop) circuitry. The VCO (Voltage 
Controlled Oscillator) outputs a constant 
clock with frequency ranges in between 
4MHz to 10MHz. 


The input frequency, F1, is the horizontal 
sync (HSYNC) frequency. Depending on the 
value programmed in the 6-bit counter, the 


Fvco = F1 • 16 • [value of 6 bit counter] 


with 


16deeim" < [value of 6 bit counter) 


< 40decimal 


The value 16 is the 4 bit prescaler which 
gives the output of the VCO to 
increase/decrease in step of 16'F1 Hz. Given 
an example of horizontal frequency 
15.750KHz, The Fvco is then increased or 


F1 *N=Fvco 


~I=~ 


""F~'8'f' H. 
o.,""~ 


(11 (VIII ••• 
01 6bH 
counttH'] 


.32) 


decreased in steps of 16 • 15.750KHz = 
252KHz = O.25MHz step. 


The Fvco is then feed into the buffer to 
generate the OSDC (OSD dot clock 
frequency) signal which gives the OS DC in 
range of 4 - 10MHz. Decreasing the OSDC 
frequency gives broader characters. Typical 
recommended OSD clock frequency is 
6 - 8MHz. 


The VCO is synchronized with the 
high-to-Iow edge of the F2 clock (always the 
trailing edge of HSYNC signal). The 
programmable active level detector is to 
either pass the HSYNC signal (if HSYNC is 
active high) or to invert the HSYNC signal (if 
the HSYNC is active low). It makes F2 
always active high. 


Figure 28 illustrates the block diagram of on 
chip OSD clock generator circuitry. 


The on chip OSD PLL oscillator will not stop, 
as long as it is enabled by bit 0, the OSDE 
bit, of SFR OSCON (C1H). The following 
description in V1.1 should then be discarded 
totally. 


Because no large current is sourced or 
sinked in and out of the clock pin as the RC 
or LC type of oscillator normally is, the 
radiation generated by the OSD clock source 
can be reduced dramatically. 


The 6 bit PLL programmable counter data 
register is in C4H. 


bit7 
bit6 
bit5 
bit4 
- 
- 
PLL5 
PLL4 


bit3 
bit2 
bit1 
bitO 


PLL3 
PLL2 
PLL1 
PLLO 
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16.4 
Flexible On Screen Display 
Format 
Figure 29 shows a typical example 01OSD 
generated by the P83CL 168. The vertical and 
horizontal starting position is controlled by 
two separate SFR OSORGH and OSORGV. 
There are 160 display RAM in total where 
they are considered as a linear addressed 
RAM. The lirst character is Irom the display 
RAM address pointed by OS START (SFR 
address C5H). 


OSSTART (C5H) 


bitl 
bit6 
bit5 
bit4 


START? 
START6 
START5 
START4 


bit3 
bit2 
bit1 
bitO 


START3 
START2 
START1 
STARTO 


The display RAM address is Irom 
o - 
159decimal 
or 0 - 
9Fhexadeclmal. 


There are 128 different lonts available in 
which 2 (CR, carriage retum code and SP, 


space code) 01them are reserved lor special 
lunction. Each time a CR code is met, like in 
the computer application, the display 
changes to next row. A space code is meant 
to change the background color 01the 
characters lollowed (see section 16.5 lor 
lurther detail). 


OSCON is the OSD control register. 


bill 
bit6 
bit5 
bit4 
- 
- 
Mode 
Hp 


bit3 
bi12 
bit1 
bitO 


Vp 
Bp 
BF 
OSDE 


Background mode selection 
=0, TV mode (FB only active when 
there are characters displayed) 
=1, Monitor mode (FB is active in 
every single active scan line. FB is 
inactive during horizontal and 
vertical retrace period. 


HSYNC active polarity selection 
=0, active low HSYNC input 
=1, active high HSYNC input 
(Figure 30) 


VSYNC active polarity selection 
=0, active low VSYNC input 
=1, active high VSYNC input 
(Figure 30) 


Active R, G, B, and FB output 
polarity selection 
=0, active low 
=1, active high (Figure 31) 


BF 
Character blinking Irequency 
control (duty cycle is fixed to 1 : 1) 
=O,<N>Frequency is Fv132where 
Fv is the VSYNC Irequency 
=1, Frequency is Fv/64. 


OSDE 
OSD circuit general enable/disable 
=0, disable 
- PLL oscillator is stopped. 
- R, G, B, and FB signals stay in 
the inactive status (e.g., stay low if 
Bp=1) 
=1, enable 
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HSYNCNSYNC 
pin 


HpNp=O 
(active 
low) 


HpNp=1 
(active 
high) 


HSYNCNSYNC 
pin 


FB (R, G, B) pin 


Bp=O (active 
low) 


Bp=1 (active 
high) 


FB ( R, G, B ) pin 


T3 
T2 


baCkgroJnd 
G 
B 


TOEJ 
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16.5 
Display RAM Organization 


The display character RAM is organized as 
160 x 12 bits. See Figure 32 for details. 
Bit<11 : 5> is the character data which 
determines 1 out of 128 different fonts (126 
customized + 2 reserved code, i.e., carriage 
retum code and space code 1 and space 
code 2). Bit<4 : 0> is the attribute data of this 
character which determines the attribute, for 
example, colors, of this particular character. 


16.5.1 
Bits in the Display 
RAM 
There are four different configurations to be 
considered: 
1. Customer character code: 


- When bil<11 : 5> indicates a 
customized 
character 
(other than the 
reserved code described below), 
bit<4 : 1> determines the color (1 out of 
16) of this character. 


- Blinking of this character is controlled 
by bit <0>. 


- Blinking frequency control is determined 
by bit 1 of SFR OSCON (addr: C1H). 
See section 16.4 for details. 


2. 
Reserved code: carriage return code 


- The carriage retum code 
(bit<11 : 5>=1111110binary) 
is a special 


code that finishes the current display 
row and start to display the character 
stored in the display RAM nex1to this 
code in the beginning of next row. The 
bit pattern itself displays a transparent 
pattern on the screen. 


- The attribute part of this code 
determines the character size by bit 
<4 : 3> and the display mode by bit 
<2 : 1> of next row. Bit <0> is to control 
the stop of display function prior to meet 
the last display RAM address (i. e., 


159decimal) . 


- Character size of next row is 
independently controlled in both 
horizontal and vertical direction. 


- 
Bit<4> is to control vertical size. When 
bit«4> = 


0, one vertical dot equals to one 
horizontal scan line width 


1, one vertical dot equals to two 
horizontal scan line width 


- Bit<3> is to control horizontal size. 


When bit <3>= 


0, one horizontal dot equals to 
<MI>one<D> OSD clock width 


1, one horizontal dot equals to 
<MI>two<D> OSD clock width 
il 


" 
,SH=O 


, 
SV=O 


1 horizontal 
scan line 


--11- 


1 DOSC 


2 horizontal 
scan line 


-I 
I- 


2 DOSC 


1 horizontal 
scim line 


-I 
I- 


2 DOSC 


2 horizontal 
scan line 


SH=l 


SV=1 


- 
Figure 33 shows the four different 
character size combination. 


- Bit <2 : 1> controls the display 


sub-mode of nex1character row in 
combination with the mode selection bit 
of SFR OSCON (bit 5 of addr: C1H). In 
total 6 different modes are possible 
(see Figures 34 and 35). 


00, superimpose submode (upper left 
"E" character in Figures 34 and 35) 


01, north-west shadowing submode 
(upper right "E" character in Figures 34 
and 35) 


10, box shadowing submode (lower 
left "E" character in Figures 34 and 35) 


11, reserved 


- 
Bit <0> is the 'end of display' control 
before running out of display RAM 


=0, continue the display in nex1 row 


=1, stop the display, wait until next 
field when the horizontal and vertical 
start position is met then start the 
display again. 


By combining the "end of display" 
feature plus the OSSTART SFR, the 
display RAM can be configured into 
several "bank" for fast display data 
switching. 


SH=1 


SV=O 


SH=O 


SV=1 


-II- 


1 DOSC 
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3. 
Reserved code: 
Space code 1 and Space code 2 


- Spacecode1,C<7:0>=1111111, 


T<0>=0, T<4: 1>=background color 
control 


- Space code 2, C<7:0>=111 1111, 


T<0>=1, T<4:1>=background color 
control 


The character code C<7:0>=1111101 
is for 


customer font usage. 
• The background color is the color of the bit 


pattem in the following conditions, (see 
Figures 34 and 35) 


• north-west shadowing submode, it is the 


color of the shadow bit pattem. 


I 
I 
I 
I I 
IIt-/ 


Foreground color 


- 
box shadowing submode, it is the color 
of the dots in the 12 • 18 character dot 
matrix box where no foreground 
character bits present. 


- 
in the superimpose submode there is 
NO background color. 


• Space code 1 & space code 2 are the 
codes which displays a transparent pattern 
on the screen and lasts for 1 character 
width in general. 


- 
In the TV mode plus, (Figure 36) 


superimpose submode: 


SP1 and SP2 display exactly the 
same transparent pattern . 


north-west shadowing submode: 


SP1 and SP2 display exactly the 
same transparent pattern. 


box shadowing submode: 


SP2 displays a transparent pattem 
while SP1 displays a 12·18 dots 
pattern filled with the background 
color. 


- 
In the monitor mode, the background 
color of the monitor (not of the 
characters) is controlled by SFR 
OSCON2 <3:0> (addr: CFH). The SP1 
and SP2 behave the same as they are in 
the TV mode (Figure 37). 
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OSSTAAT 
SFR 
addr: 
CSH 


101010101, 1010101 
I 
Chal1tcter 


08H 


09H 


<Wi 


"'" 
OC>< 


OOH 


OEH 


OFH 


'OH 


11H 
'''' 
'3H 
"H 
'SH 


'6H 


Character'S' 
Aedcolor 
sp, --- 
Charader'I' 
Green 
color 


Chante:ler'Z: 
BIue_ 


SP2 
Red 
bgnd 
color 


Characler'E' 
1+ Room 


CR 
~~!"i~g~mo 


f 
•..• fl,IIral: 
er 
~ 
I+Gcolor 


I ,,, 
BIoebgndcobr 


Charaet.r'r 
1+ Bcolor 


SP2 
Red 
bgnd 
color 


Charader'Z: 
I (gtey) 
color 


SP, 
R+G 
bgnd 
color 


Characler'E' 
I (grey) 
color 


CR 


I 


CNJ,racl8f'E' 
Aedcolor 


SP, 
G+Bbgndoolor 


Charader'l' 
Red color 


CR 
end 
01 clisplay 


Single-chip 8-bit microcontroller for TV on-screen 
display, VS tuning and control function 


OSSTART 
SFA 
addr: 
CSH 


1010101+ 
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i 
ChatKter 
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...._- 
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., 
"", 
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In Summary 
1. Carriage return (CR) code is 


• to end the current display row and use 
the character in the display RAM next to 
this CR code as the first character of 
next display row. 


• to control character size of next display 
row 


• to control character submode of next 
display row 


• to indicates the end of display for 
present screen 


2. 
Space code 1and Space code 2 is 


• to control the background color of the 
characters from this space code 


• to indicates the end of display for present 


screen 


3. 
Display of the characters starts from 
display RAM address pointed by SFR 
OSSTART aiways and ends up either at 
dispiay RAM address 159decimalor "end 
of display" bit is set in the CR code. 


bit7 
bit6 
bit5 
bit4 
- 
- 
- 
- 


bit3 
bit2 
bit1 
bitO 


R 
G 
B 
-- 


RGBI 
These 3 bits are to control the 
background color of the TV screen 
in the monitor mode. 


Default background color is R=G=B=O 


Figure 38 shows a typical timing of R, G, B, 
and FB outputs. Assuming "SOis red color. "I" 
is green color. "Z" is green + blue. "E" is blue. 


16.5.2 
How to Load the Character 
Data 
into the Display RAM 
There are 3 registers to 
control/address/buffer 
the display characters . 
• OSAD to keep track of the display RAM 
address 


• OSAT is the register to store the attribute of 
the character data. 


• OSDT is to keep intermediate data to be 


stored into the display RAM location 
addressed by the OSAD register. 


bit7 
bit6 
bit5 
bit4 


AD7 
AD6 
AD5 
AD4 


bit3 
bit2 
bit1 
bitO 


AD3 
AD2 
AD1 
ADO 


AD<7:0> 
Address of the display RAM 
where next character data is to 
be written into 


bit7 
bit6 
bit5 
bit4 
- 
C6 
C5 
C4 


bit3 
bit2 
bit1 
bitO 


C3 
C2 
C1 
CO 


C<6 : 0 > 
Character data selected from 126 
customer code or 2 reserved 
code 


bit7 
bit6 
bit5 
bit4 


- 
- 
- 
T4 


bit3 
bit2 
bit1 
bitO 


T3 
T2 
1 
TO 


Case 1 
when C<6:0> is customer code, 


T<4:1> is the foreground color R, 
G, B, I of that character 


T<0> is the blinking control of this 
character. 
=0, no blinking; 
=1, blinking 


Case 2 
when C<6:0> is CR code, 


T<4> is the next row character 
vertical size control 


T<3> is the next row character 
horizontal size control 


T<2:1> is next row display 
sub-mode control 


T<0> is the "end of display" control 


Case 3 
when C<6:0> is SP1 or SP2 code 


T<4: 1> is the background color R, 
G, B, I control starting from that SP 
code 


T<0> is the SP1 (=0) or SP2 (=1) 
control 


The procedure to write character data into 
display RAM: 


Step 1. 


initialize the starting address of the 
display RAM by writing data into OSAD. 


Step 2. 
Write to OSAT to determine the attribute 
of the character. 


Step 3. 
Write to OSDT the character code to be 
displayed on the screen. When the write 
to OSDT operation is finished then an 
automatic transfer occurs that loads the 
data stored in the OSAT plus OSDT into 
the display RAM location addressed by 
OSAD. 


Step 4. 


Post increment operation is executed in 
the OSAD (i.e., OSAD <-- OSAD + 1) to 
make it point to the next RAM location. 
Overflow of the OSAD, i.e., overflow from 
159 makes it return to zero. Figure 39 
shows the post-increment operation. 


It is the step 3 which triggers the load of 
OSDT and OSAT into the display RAM and 
the post increment operation. If the attributes 
of a series of displayed characters are the 
same, only OSDT has to be updated. 
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, 
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/220 
/ 
/ 


2,Z 
0 
/ 


, 
/ 
, 37F 


/ 
/ 
001 


/ 
552 


~ 


cs 


cs 


FF 
cs 


~tt 
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cs 


cs 


cs 


/ 
/ 


: 10000000 
Fe•• 
lfF 
20 12 00 53 65 00 58 


: 1 0001000 
< • .L 
DATA FOR FONT2 
••• 
> 


: 1 0002000 
< • .1. 
DATA FOR FONT3 


I 


NOTES: 
1. The row 0 of each font is reserved for vertical combination of two fonts. In vertical mergence, the row 0 of lower font has same code 


with row 18 of upper font. 


2. 
Binary "1" stands for dots in PCA8510 and PCA84C846 (in 84C640 binary "0" stands for dots). 


3. The ROM1 and ROM2 data files are in INTEL hex format with byte basis. 
4. 
The unused last byte for each font in ROM1 must be filled with "FF". 


5. The unused last 2 and half bytes in ROM2 must be filled with the same data with corresponding address locations in ROM1. 
6. The DATA bytes of last 2 reserved fonts (RETURN and CPACE codes) should be filled with all "00". 
7. 
For 8510, the lower 16 characters which are reserved for soft RAM fonts in the character ROM address must be filled with all "FF". 
8. X stands for the last data nibble in fon12l3 of ROM2, while CS represents checksum. 
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16.6 
Character 
ROM 
The character displayed on the screen is in 
12 • 18 dot matrix format while it is in 12 • 19 
format stored in the on chip character ROM. 
The character ROM is actualiy divided into 
two part ROM1 and ROM2. 


The bit pattern stored in ROM1 and ROM2 is 
shown in Figure 40. 


Row 1 - 18 is the bit pattern you see on the 
TV screen. 


Row 0 is for use only in the north-west 
shadowing mode. It is when two character 
celis are combined in vertical direction to 
formulate a new pattern, this row 0 contains 
the same bit pattern of row 18 of the 


character above it. (Combination of two 
characters see section 16.7). 


If no combined character in vertical direction 
is intended for this character, row 0 should be 
filied in with ali "O's". 


The file format to submit to Philips to make 
customized character sets is demonstrated in 
Figure 40 as well. Philips provides a software 
under MS DOS environment (IBMIPC or 
compatible) to help customer to design the 
character font on the screen and to generate 
the bit pattern HEX decimal file automaticaliy. 
Contact your local Philips sales organization 
for details. 


16.7 
Combination 
of Two or 
More Font Cells to 
Formulate 
a New Font 
User can combine two (or more) font celis to 
formulate a new higher resolution pattern 
(Figures 41 and 42). 


Combination of two celis in horizontal 
direction needs no special care. Ali 3 
background/shadowing 
submodes are 


applicable. 


But combination of two celis in vertical 
direction needs the foliowing special care: 
• ROWO in the character ROM is for use in 


the "north-west shadowing" submode. If 
north-west shadowing submodes is 
intended for use by this formulated 
character font, ROW 0 should contain the 
bit pattern of ROW 18 of the font above it 
or a broken dot in the shadow may occur 
(see Figures 43 and 44). 
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Figure 43. Combination 
of Two Font Cells in Vertical Direction 
in North-west 
Shadowing 
Mode 
without 
Programming 
Right Bit Data In Row 0 
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Figure 44. Combination 
of Two Font Cells in Vertical Direction 
in North-west 
Shadowing 
Mode 


with Programming 
Right Bit Data in Row 0 
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16.8 
More about "North·West 
Shadowing" Sub-Modes 
Some special care must be taken when 
designing the character bit pattem if this 
character is intended to be used in the 
"north-west shadowing" sub-mode. 


North-west shadowing submode is limited in 
the 18 display scan lines box only in the 
vertical direction if the character in the next 
row is not in north-west shadowing mode. (if 
it was, then they are as described in section 
16.7) If shadow of the last foreground bit 
pattem line is intended to be seen as well, 


take care the bit pattem design as indicated 
in Figures 45 and 46. 
• North-west shadowing submode is nof 


limited to the 12 horizontal OSD dots, 
Shadows of previous font cell may cross 
over the 12 dots boundary and appear in 
the next font cell as indicated in Figure 47. 
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16.9 
More about Blinking 
Characters 
Blinking of character with space code 1 & 2 
and in carriage retum code condition is 
shown in Figures 48, 49, 50 in TV mode and 
Figures 51, 52 and 53 in monitor mode. 


Figure 54 shows blinking of character is only 
within 12 • 18 boundary. If the shadow of the 
blinking character cross over the boundary of 
the cell of the character next to it which is not 


, ., 
. r ., 
.[ 
., 
" 
,. 
, 
" 


~ 


blinking, the shadow dot will still appear on 
the screen no matter the blinking character is 
on or off. 


Character ON 


• 
REOc:olor 
0 ••••- 
Figure 48. Character 
Blinking 
in Superimpose 
Submode 
in TV Mode 
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CharKlerON 
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REDc:obf 
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Figure 51. Character 
Blinking 
in Superimpose 
Submode 
in Monitor 
Mode 
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In this example, assume 
- 
1st character is in blinking mode 
- 2nd character is not 
I 
- the 1st character bit pattem is designed such that the north-west shadow of the 1st character falls into the cell of 2nd character. 
When the 1st character is off, then the shadow of the 1st character falls into 2nd character cell will still remain there. 
To avoid this from happening, user can either: 
- design bit pattem in such a way that shadow does not cross the cell boundary 
- make adjacent characters all blinking or all don't blink. 


16.10 
Maximum 
Number 
of 
CharactersIRow 
in 
Different 
TV Standard 
The maximum number of characters per row 
is determined by the 
• DOSe (I.e., depending on HSYNe 
frequency & value of the 6-bit 
programmable counter in the on chip 
oscillator 


• The TV standard 


The maximum OSD clock frequency is 10 
MHz. Given an NTSe 525LPF {Line Per 
Frame)/60Hz example: The active video 
signal period of a horizontal line is 53.5~s. In 
order to reduce the jittering of the screen 
edge, overscan is normally applied by the TV 
manufacturer. It causes the real visible video 


period of a horizontal line reduced to 
53.5~s· 
9/10 = 48.15~s. 


Case 1. 
• OSD clock frequency = 6MHz, I.e., period 


= 0.166~s, 


• number of visible dots on a horizontal line 


48.15~S 1 0.166~s = 290 dots 


• Each character is composed of 12 • 18 


dots. 


• So the maximum number of characters 


displayed on a row with OSD clock = 6MHz 
in 525LPF/60Hz NTSe are 290 112 = 24 
characters. 


• In a 19" TV screen, the width of a 
horizontal line is around 370mm which 
gives approximately 15.4 mmlcharacter in 
width. 


Case 2. 
• OSD clock frequency = 10 MHz I.e., Dot 


period = 0.1~s 


.48.15/0.1 
= 481 dots per horizontal line 


• 481 112 = 40 characters per row!! 


• Again, in the 19" TV case, the character 
width is 370mm 140 = 9.25 mm per 
character. 


16.11 
Maximum 
Number 
of Rows 


of Characters 
Per Frame 


• In NTSe 525/60, 
the active lines are 


roughly 241.5H to 249.5H per field. Take 
241 as an example, the maximum number 
of character rows per frame is (remember a 
character is 12·18 
dots): 241/18 
= 13 


rows. 


• In PAL 625/50, 
it is around 280 118 = 15 


rows. 
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16.12 
OSD Jitter Cancelling 
Circuit 


The VSYNCIHSYNC relationship in normal 
broadcasting signals is illustrated 
as follow in 


even and odd field. 


But in the condition where no broadcast 
signals or unstable VSYNC (e.g.• play back 
of aged video tape) the trailing edge of 
VSYNC signal may drift forwards and 
backwards. Miscounting of one horizontal 


scan line might happen thus character 
displayed on screen may drift up and down. 


To avoid this happening an intemal OSD jitter 
cancelling circuit is implemented without 
user's special attention. 


HSYNC 
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17. 
OPTION LIST AND SFR 
ADDRESS MAP SUMMARY 


17.1 
Option List 
Options available in P83CL 168 are mainly in 
two area, 
• Port 


• Oscillator 


VO MASK OPTIONS SPECIFY THE DESIRED CONNECTION FOR EACH VO LINE ON PORTS 


PORT 
OPTION 
PORT 
OPTION 
PORT 
OPTION 
PORT 
OPTION 
PORT 
OPTION 
PORT 
OPTION 


POO 
P10 
P20 
- 
P40 
P50 


P01 
P11 
P21 
- 
P41 
P51 


P02 
P12 
P22 
P32 
P42 
P52 


P03 
P13 
P23 
P33 
P43 
P53 


P04 
P14 
P24 
P34 
P44 
54 


P05 
P15 
P25 
P35 
P45 
- 


P06 
P16 
P26 
P36 
P46 
P56 


P07 
P17 
P27 
P37 
P47 
P57 


Ports option; 
1: STANDARD 1/0 
S: HIGH AFTER POWER·ON RESET 
P60 
1 S 
G 
3 
2: OPEN·DRAIN 1/0 
R: LOW AFTER POWER·ON RESET 


3: 
PUSH·PULL OUTUT 
EXAMPLE; 3 R 
P61 
1 S 
R 
3 


FB 
3 


TRANSCONDUCTANCE 
(Gm) MASK OPTIONS SPECIFY THE DESIRED OSCILLATOR FREQUENCY 


OPTION 
TYPGm@5V 
lose lor Quartz 
lose lor Ceramic Resonator 
NOTE: 


MED 
The frequency used in 
D 
(GmH) 
1.6 mAN 
4-12 
MHz 
1-6MHz 
P83CL 168 spec is 4 to 12MHz. 


D 
HIGH 
4.5 mAN 
10-16MHz 
3-16 
MHz 
(GmH) 
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17.2 
SFRAddress Map 
Summary 
This is just a summary of all the SFR in 
ascending address sequence for designer 
and software programmer's easy reference. 
The registers which are standard 80CL410's 
registers are marked by .-. 


Address 
Names 
bit? 
bit6 
bitS 
bit4 
bit3 
bit2 
bill 
bilO 


80H 
POlatch 
P07 
P06 
P05 
P04 
P03 
P02 
POl 
POO 


81H 
SP (stack pointer) 
SP7 
SP6 
SP5 
SP4 
SP3 
SP2 
SPl 
SPO 


82H 
DPL (data pointer L) 
DPL7 
DPL6 
DPL5 
DPL4 
DPL3 
DPL2 
DPLl 
DPLO 


83H 
DPH (data pointer H) 
DPH7 
DPH6 
DPH5 
DPH4 
DPH3 
DPH2 
DPHl 
DPHO 


86H 
12CCON (12Cport control) 
- 
- 
- 
- 
- 
- 
SWl 
SW2 


87H 
PCON (power control) 
- 
- 
- 
- 
GFl 
GFO 
PO 
IDL 


88H 
TCON (timer control) 
TFl 
TRl 
TFO 
TRO 
IEl 
ITl 
IEO 
ITO 


89H 
TMOD (timer mode) 
Gate 
CfT 
Ml 
MO 
Gate 
CfT 
Ml 
MO 


8AH 
TLO (timer 0 LSS) 
TL07 
TL06 
TL05 
TL04 
TL03 
TL02 
TLOl 
TLOO 


8SH 
TL 1 (timer 1 LSS) 
TL17 
TL16 
TL15 
TL14 
TL13 
TL12 
TLll 
TL10 


8CH 
THO (timer 0 MSS) 
TH07 
TH06 
TH05 
TH04 
TH03 
TH02 
THOl 
THOO 


8DH 
THl 
(timer 1 MSS) 
TH17 
TH16 
TH15 
TH14 
TH13 
TH12 
THll 
TH10 


8EH 
T2 (timer/counter 2) 
T27 
T26 
T25 
T24 
T23 
T22 
T21 
T20 


90H 
Pllatch 
P17 
P16 
P15 
P14 
P13 
P12 
Pll 
Pl0 


98H 
OSAT (osd attribute) 
- 
- 
- 
AT4 
AT3 
AT2 
ATl 
ATO 


99H 
OSDT (osd character data) 
C7 
C6 
C5 
C4 
C3 
C2 
Cl 
CO 


9AH 
OSAD (000 address) 
AD7 
AD6 
AD5 
AD4 
AD3 
AD2 
ADl 
ADO 


AOH 
P21atch 
P27 
P26 
P25 
P24 
P23 
P22 
P21 
P20 


A8H 
IENO (interrupt enable 0) 
EA 
- 
ESl 
- 
ETl 
EXl 
ETO 
EXO 


SOH 
P31atch 
P37 
P36 
P35 
P34 
P33 
P32 
-- 
P30 


SlH 
P41atch 
P47 
P46 
P45 
P44 
P43 
P42 
P41 
P40 


S2H 
P51atch 
P57 
P56 
-- 
P54 
P53 
P52 
P51 
P50 


B3H 
P61atch 
- 
- 
- 
- 
- 
- 
P61 
P60 


S8H 
IPO (interrupt priority 0) 
- 
- 
PSl 
- 
PTl 
PXl 
PTO 
PXO 


COH 
IROl (interrupt request 1) 
109 
108 
107 
106 
105 
104 
103 
102 


C1H 
OSCON (osd control) 
- 
- 
Mode 
Hp 
Vp 
Sp 
SF 
OS DE 


C2H 
OSORGV (osd v start) 
- 
- 
VP5 
VP4 
VP3 
VP2 
VPl 
VPO 


C3H 
OSORGH (000 h start) 
- 
- 
HP5 
HP4 
HP3 
HP2 
HPl 
HPO 


C4H 
OSPLL (osd pll divider) 
- 
- 
PLL5 
PLL4 
PLL3 
PLL2 
PLL1 
PLLO 


C5H 
OSSTART (display start) 
START? 
START6 
START5 
START4 
START3 
START2 
STARTl 
STARTO 


C6H 
HIOD (high speed I/o data) 
07 
06 
05 
04 
03 
02 
01 
DO 


C7H 
HIOCON (HIO control) 
- 
- 
- 
CLKE 
DOUTE 
CLKl 
CLKO 
DIR 


C8H 
AFCON (AFC control) 
- 
AFCHl 
AFCHO 
AFCL3 
AFCL2 
AFCLl 
AFCLO 
AFCC 


C9H 
VINT (Vsync interrupt) 
- 
- 
- 
- 
- 
- 
- 
VLVL 
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Address 
Names 
bit7 
bit6 
bitS 
bit4 
bit3 
bit2 
bit1 
bitO 


CAH 
RCM (RIC preprocessor) 
- 
RCPOL 
RCF1 
RCFO 
RCS1 
RCSO 
RCM 
OVR 


CBH 
RCMV (RIC counter value) 
LVU07 
06 
05 
04 
03 
02 
01 
DO 


CCH 
P1SEL (port 1 selection) 
PWM7E 
PWM6E 
PWM5E 
PWM4E 
PWM3E 
PWM2E 
PWM1E 
PWMOE 


COH 
P4SEL (port 4 selection) 
AFC3E 
AFC2E 
AFC1E 
AFCOE 
TOACE 
DINE 
CLKE 
DOUTE 


CEH 
P5SEL (port 5 selection) 
RMCE 
T2E 
-- 
ISOBE 
SCL2E 
SOA2E 
SCL1E 
SOA1E 


CFH 
OSCON2 (osd bgnd color) 
- 
- 
- 
- 
R 
G 
B 
-- 


DOH 
PSW (program status word) 
CY 
AC 
FO 
RSl 
RSO 
OV 
- 
P 


02H 
VSTL (14-bit pwm low) 
- 
VST6 
VST5 
VST4 
VST3 
VST2 
VSTl 
VSTO 


03H 
VSTH (l4-bit 
pwm high) 
- 
VSTD 
VSTC 
VSTB 
VSTA 
VST9 
VST8 
VST7 


08H 
SlCON 
(12Ccontrol) 
- 
ENSl 
STA 
STO 
SI 
AA 
CRl 
CRO 


09H 
Sl STA (12Cstatus) 
SC4 
SC3 
SC2 
SCl 
SCO 
0 
0 
0 


OAH 
SlOAT (12Cdata) 
07 
06 
05 
04 
03 
02 
01 
DO 


OBH 
SlAOR 
(12Caddress) 
SLA6 
SLA5 
SLA4 
SLA3 
SLA2 
SLAl 
SLAO 
GC 


EOH 
ACC (Accumulator) 
ACC7 
ACC6 
ACC5 
ACC4 
ACC3 
ACC2 
ACCl 
ACCO 


E4H 
PWMO (7-bit PWM) 
- 
data6 
data5 
data4 
data3 
data2 
datal 
dataO 


E5H 
PWMl (7-bit PWM) 
- 
data6 
data5 
data4 
data3 
data2 
datal 
dataO 


E6H 
PWM2 (7-bit PWM) 
- 
data6 
data5 
data4 
data3 
data2 
datal 
dataO 


E7H 
PWM3 (7-bit PWM) 
- 
data6 
data5 
data4 
data3 
data2 
datal 
dataO 


E8H 
IENl (interrupt enable 1) 
EX9 
EX8 
EX7 
EX6 
EX5 
EX4 
EX3 
EX2 


E9H 
IX1 (interrupt polarity 1) 
IL9 
1 
1 
1 
1 
IL4 
IL3 
IL2 


ECH 
PWM4 (6-bit PWM) 
- 
- 
data5 
data4 
data3 
data2 
datal 
dataO 


EOH 
PWM5 (6-bit PWM) 
- 
- 
data5 
data4 
data3 
data2 
datal 
dataO 


EEH 
PWM6 (6-bit PWM) 
- 
- 
data5 
data4 
data3 
data2 
datal 
dataO 


EFH 
PWM7 (6-bit PWM) 
- 
- 
data5 
data4 
data3 
data2 
datal 
dataO 


FOH 
B (B register) 
B7 
B6 
B5 
84 
B3 
82 
81 
80 


F8H 
IPl (interrupt priority 1) 
PX9 
PX8 
PX7 
PX6 
PX5 
PX4 
PX3 
PX2 
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APPENDIX: 
AC/DC CHARACTERISTICS 
OF P83CL 168 (V2.1) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Voo 
Supply voltage 
-<l.5 
+6.5 
V 


VI 
All input voltage 
-<l.5 
Voo+0.5 
V 


PTOT 
Total power dissipation 
- 
1 
W 


-IOH 
Maximum source current for all port lines 
- 
10 
mA 


IOL 
Maximum sink current for all port lines 
- 
30 
mA 


TSTG 
Storage temperature 
-55 
+125 
·C 


TAMB 
Ambient operating temperature range 
-20 
+70 
·C 


TAMB 
Operating junction temperature range 
- 
+125 
·C 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


Oscillator 
(Voo=4.5 - 5.5V, temperature 
= -20·C to +70·C) 


tXTAL 
Crystal frequency (Voo = 4.5 - 5.5V) 
4 
- 
12.0 
MHz 


DOSC 
On screen display clock (external capacitance at pin "CO= 0.1fiF) 
I 
4.0 
8.0 
10.0 
MHz 


AFC (Voo=4.5 - 5.5V, temperature 
= -20·C to +70·C) 


Talc 
Conversion time (from any change in the AFC : channel 
number, voltage 
6 
- 
8 
fiS 


level, enable/disable) with Fxatl=12MHz 


P44/AFCO, P45/AFC1, P46/AFC2, 
P47/AFC13, comparator 
analog input 


±IIL 
input leakage 
- 
- 
1 
fiA 


VAl 
input voltage 
VSS 
- 
Voo 
V 


VAE 
conversion error range 
- 
- 
±1/2 
LSB 
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DC CHARACTERISTICS 
Voo = 4.5V - 5.5V, Vss = OV,TAMB= -20'C 
to +70'C; All voltages with respect to Vss, unless otherwise specified. 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


Voo 
Supply voltage operating 
4.5 
5.0 
5.5 
V 


100 
Supply current operating (Fdoscrc, Fdosclc = Fxtal) 
- 
15 
25 
mA 
@ Voo = 5V, Fxtal = 12MHz (preliminary) 


100 
Supply current operating (Fdoscrc, Fdosclc = stop) 
- 
10 
15 
mA 
@ Voo = 5V, Fxtal = 12MHz 


HSYNC, VSYNC, TEST, Port PO, P1, P2, P3, P4, P5, P61nputs (except P44, P45, P46, P47) 


VIL 
input LOW voltage 
0 
- 
0.3·Voo 


VIL 
input HIGH voltage 
0.7·Voo 
- 
Voo 


±IIL 
input leakage current (Vss<V1<Voo) when open drain option selected 
- 
- 
10 
~ 


-IlL 
input current at logic 1 when other options selected 
(Vdd=5, Vin=O.4V) 
- 
- 
100 
~ 


Port POoutputs 


VOL 
output LOW voltage Voo=5V, IOL=1OmA 
- 
- 
0.4 
V 


-IOH 
pulkJp output HIGH voltage, Voo=5V; vo=o.rVoo 
40 
100 
- 
~ 


(option 1) 


-IOH 
pull-up output HIGH voltage, Voo=5V; Vo=Vss 
- 
140 
400 
I'A 
(option 1) 


-IOH 
pus~ulI 
output HIGH voltage, Voo=5V; Vo=Voo-{).4V 
1.6 
7.0 
- 
mA 


(option 3) 


Port Pl, P2, P3, P4, P6 and P54, P55, P56, P57 outputs 


IOL 
output LOW voltage Voo=5V, VOL=0.4V 
1.6 
7.0 
- 
mA 


-IOH 
pUll-up output HIGH voltage, Voo=5V; Vo=o.rvoo 
40 
100 
- 
~ 
(option 1) 


-IOH 
pull-up output HIGH voltage, Voo=5V; Vo=Vss 
- 
140 
400 
~ 
(option 1) 


-IOH 
pus~ull 
output HIGH voltage, Voo=5V; Vo=Voo-{).4V 
1.6 
7.0 
- 
mA 
(option 3) 


R,G, FB 


IOL 
output LOW voltage Vdd=5V, Vol=O.4V 
1.6 
7.0 
- 
mA 


-IOH 
pus~ull 
output HIGH vo~age, Voo=5V; Vo=Voo-{).4V 
1.6 
7.0 
- 
mA 
(option 3) 


P501SDA1, P51/SCL 1, P521SDA2, P531SCL2 outputs 


IOL 
output LOW voltage Voo=5V, VOL=O.4V 
3.0 
- 
- 
mA 


-IOH 
pull-up output HIGH voltage, Voo=5V; Vo=O.rvoo 
40 
100 
- 
~ 
(option 1, 
not asl2C) 


IOH 
pull-up output HIGH voltage, Voo=5V; Vo=Vss 
- 
140 
400 
~ 


(option 1, 
not asl2C) 


-IOH 
pus~ull 
output HIGH voltage, Voo=5V; Vo=Voo-{).4V 
1.6 
7.0 
- 
~ 
(option 3, 
not asl2C) 


RESET 


VIL 
input LOW voltage 
0 
- 
0.3·Voo 


VIH 
input HIGH voltage 
O.rvoo 
- 
Voo 


RRST 
internal reset pull down resistor 
50 
200 
Kfl 
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SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


tR 
PO,Pl, P2, P3, P4, P5, P6 rise time (Cload=50P) 1 
30 
- 
- 
ns 


tR 
PO, Pl, P2, P3, P4, P5, P6 fall time (Cload=50P) 1 
30 
- 
- 
ns 


Low voltage/low 
power single-chip 


a-bit microcontroller 
with 12c 


DESCRIPTION 
The 80CL41 0/83CL41 0 (hereafter generically 
referred to as 8XCL41 0) is manufactured in 
an advanced CMOS process that allows the 
part to operate at supply voltages down to 
1.8V and oscillator frequencies down to DC. 
The 8XCL410 has the same instruction set 
as the 80C51 . 


The 8XCL41 0 features a 4k byte ROM 
(83CL410), 128 bytes RAM (both ROM and 
RAM are externally expandable to 64k 
bytes), four 8-bit ports, two 16-bit 
timer/counters, an 12C serial interface, a 
thirteen source, two priority level nested 
interrupt structure, and on-chip oscillator 
circuitry suitable for quartz crystal, ceramic 
resonator, RC, or LC. 


The 8XCL410 has two reduced power modes 
that are the same as those on the standard 
80C51. The special reduced power feature of 
this part is that it can be stopped and then 
restarted. Running from an extemal clock 
source, the clock can be stopped and after a 
period of time restarted. The 8XCL410 will 
resume operation from where it was when the 
code stopped with no loss of internal state, 
RAM contents, or Special Function Register 
contents. If the internal oscillator is used the 
part cannot be stopped and started, but the 
power-down mode, which can be terminated 
via an interrupt, can be used to achieve 
similar power savings and then restart 
without loss of on-chip RAM and Special 
Function Register values. 


FEATURES 


• Single supply voltage 1.8V to 6.0V 


• Frequency from DC to 12MHz 


• 80C51 based architecture 


- 4k x 8 ROM (64k external) 


- 
128 x 8 RAM (64k external) 


- 
Four 8-bit I/O ports 


- Two 16-bit timer/counters 


- 
A thirteen-source, two-level, nested 
priority interrupt structure 


- 
10 external interrupts 


• Fully static 80C51 CPU 


• 
12C Serial Interface 


• Two power control modes 


- 
Idle mode 


- 
Power-down mode - can be terminated 
by reset or external interrupt 


• Wake-up via external interrupts at port 1 


• Single supply voltage 1.8V to 6.0V 


• Frequency range of DC to 12MHz 


• On-chip oscillator (quartz crystal, ceramic 
resonator, RC, LC) 


• Very low power consumption 


• Operating temperature range: 


-40 to +85°C 


PO.OIADO 


PO.1/ADl 


PO.2lAD2 


PO.3lAD3 


PO.41AD4 


PO.S1AD5 


PO.6IAD6 


PO.7/AD7 


E)I; 


ALE 


P2.7/A15 


P2.6IA14 


P2.51A13 


P2.41A12 


P2.31All 


P2.21Al0 


P2.1/A9 


P2.OIA8 


34 


33 


23 


22 


PHILIPS PART ORDER NUMBER 
PHILIPS NORTH AMERICA 


PART MARKING 
PART ORDER NUMBERl 
TEMPERATURE °C 


ROMless 
ROM 
ROMless 
ROM 


Drawing 


AND PACKAGE 
FREQUENCY 
Number 


P80CL410HFP 
P83CL410HFP 
P80CL41 OHF N 
P83CL41 OHFN 
-40 to +85, 
32kHZ to 12MHz 
SOT129 
40-Pin Plastic Dual In-line Package 


P80CL410HFT 
P83CL410HFT 
P80CL41 OHFD 
P83CL41 OHFD 
-40 to +85, 
32kHZ to 12MHz 
SOT158A 
40-Pin Plastic Very Small Outline 
Package 


P83CL410HFH 
-40 to +85, 
32kHZ to 12MHz 
SOT307B 
44-Pin Plastic Quad Flat Pack 
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PLASTIC 
QUAD FLAT PACK 
PIN FUNCTIONS 


33 
j}!~} 


Address 
and 


Data Bus 
lr'"" 


11 
23 
.•........• 
...- 
INT3 
•.........•+- 
INT4 


.............• 
~ +- 
INTS 


.••.........• 
~....-.-.... 
INTB 


12 
22 
............• +- 
INT7 


•........• 
....-,.. 
INT8/SCL 


Pin 
Function 
Pin 
Function 
•.........• 
•.......• 
INT9/SDA 


1 
P1.5/INT7 
23 
P2.51A13 
f l-'~} 


2 
Pl.61INT8ISCL 
24 
P2.61A14 
• 
+-+ 


§ 
J1irn)-..- 
~ 


3 
P1.7/INT9/SDA 
25 
P2.7/A15 
"U lNTT-' 
c<) 
...-..... 


4 
RST 
26 
P5rn 
1[ m_, <- 
•......• "-_ 
Address Bus 


5 
P3.0 
27 
ALE 
!! 
T1-+ 
.•.......• •......• - 


6 
NC 
28 
NC 
l:! WR+- 
.•.......• •......• - 


7 
P3.1 
29 
Ell 
~ 
RU+- 
.•.......• •......• -- 


'" 
8 
P3.2JTIilTO 
30 
PO.l/AD? 


9 
P3.3IIIITT 
3' 
PO.GlAD6 


10 
P3.4ITO 
32 
PO.51ADS 


11 
P3.5fTl 
33 
PO.4/AD4 


'2 
P3&W11 
34 
PO.31AD3 


'3 
P3.7/RU 
35 
PO.2IA02 


14 
XTAL2 
36 
PO.l/AD1 


15 
XTAl1 
37 
PO.OIADO 


16 
VSS 
38 
VDD 


17 
NC 
39 
NC 


18 
P2,OIAB 
40 
Pl.0IINT2 


19 
P2.1/A9 
4' 
Pl.1/INT3 


20 
P2.21Al0 
42 
Pl.21INT4 


2' 
P2.31Al1 
43 
Pl.31INT5 


22 
P2.4fA12 
44 
P1.4/INT6 
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FREQUENCY 
REFERENCE 
,---J----, 


XTAL2 
XTAl1 


I-- 
I 
I 
I 
I 
I 
I 
I 
I 
I 


PROGRAM 
MEMORY 


(4KxB 
ROM) 


DATA 
MEMORY 


(128 x8 
RAM) 


I 
I 
I 
I 
IL_ 


COUNTER 
(1) 
,---J----, 


TO 
T1 


SDA 
SCL 
L-.,----J 


(1) 


--I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
__ 
-.J 
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PIN NO. 
, 


MNEMONIC 
DIl401 
TYPE 
NAME AND FUNCTION 
QFP 
VS040 
I 


Vss 
16 
20 
I 
Ground: 
OV reference. 


Voo 
38 
40 
I 
Power Supply: This is the power supply voltage for normal, idle, and power-down 
operation. 


PO.0-0.7 
30-37 
3~32 
1/0 
Port 0: Port 0 is an open-drain, bidirectional 1/0 port. Port 0 pins that have 1s written 
to them float and can be used as high-impedance inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to external program and data 
memory. In this application, it uses strong internai pull-ups when emitting 1s. 


P1.o-P1.7 
40-44 
1-8 
1/0 
Port 1: Port 1 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 1 pins that 


1-3 
have 1s written to them are pulled high by the intemal pull-ups and can be used as 
. 
inputs. As inputs, port 1 pins that are extemally pulled low will source current because 
of the internal pull-ups. (See DC Electrical Characteristics: IrLl. Additional functions 


i 
include: 
7 
1/0 
SCl (P1.6): 
12C serial bus clock. 
8 
I/O 
SDA (P1.7): 
12C serial bus data. 
1-8 
I 
INT2-INT9 (P1.o-P1.7): 
Additional external interrupts. 


P2.o-P2.7 
18-25 
21-28 
1/0 
Port 2: Port 2 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 2 pins that 
have 1s written to them are pulled high by the internal pull-ups and can be used as 
inputs. As inputs, port 2 pins that are externally being pulled low will source current 
because of the internal pull-ups. (See DC Electrical Characteristics: I,Ll. Port 2 emits 
the high-order address byte during fetches from external program memory and during 
accesses to external data memory that use 16-bit addresses (MOVX @DPTR). In this 
application, it uses strong internal pull-ups when emitting 1s. During accesses to 
external data memory that use 8-bit addresses (MOV @Ri), port 2 emits the contents 
of the P2 special function register. 


P3.o-P3.7 
5,7-13 
10-17 
1/0 
Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3 pins that 
have 1s written to them are pulled high by the internal pull-ups and can be used as 


, 
inputs. As inputs, port 3 pins that are externally being pulled low will source current 
because of the pull-ups. (See DC Electrical Characteristics: I,Ll. Port 3 also serves the 
special features of the 80C51 family. as listed below: 


8 
12 
I 
INTO (P3.2): External interrupt 0 


9 
13 
I 
fflTJ (P3.3): External interrupt 1 
10 
14 
I 
TO (P3.4): TImer 0 external input 
11 
15 
I 
T1 (P3.5): TImer 1 extemal input 


r 
12 
16 
0 
Wl'f (P3.6): External data memory write strobe 
13 
17 
0 
RO (P3.7): External data memory read strobe 
, 


Reset: A high on this pin for two machine cycles while the oscillator is running, resets 
RST 
4 
9 
I 
the device. An internal diffused resistor to Vss permits a power-on reset using only an 


I 
external capacitor to Voo. 


ALE 
27 
30 
0 
Address 
latch 
Enable: Output pulse for latching the low byte of the address during 
an access to external memory. In normal operation, ALE is emitted at a constant rate 
of 1/6 the oscillator frequency, and can be used for external timing or clocking. Note 
, 
that one ALE pulse is skipped during each access to external data memory. 


~ 
26 
29 
0 
Program Store Enable: The read strobe to external program memory. When the 
device is executing code from the external program memory, ~ 
is activated twice 


,. 
each machine cycle, except that two ~ 
activations are skipped during each 


access to extemal data memory. ~ 
is not activated during fetches from internal 
program memory. 


EA 
29 
31 
I 
External Access Enable: EA must be externally held low to enable the device to 
fetch code from external program memory locations OOOOHto OFFFH. If EA is held 
high, the device executes from internal program memory unless the program counter 
contains an address greater than OFFFH. 


XTAL1 
15 
19 
I 
Crystal 1: Input to the inverting oscillator amplifier and input for an external clock 
source. 


XTAL2 
14 
18 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 
RESET 


ADDRESS 
MSB 
LSB 
VALUE 


ACC' 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


B' 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data pointer 


(2 bytes): 
DPH 
High byte 
83H 
OOH 


DPL 
Low byte 
82H 
OOH 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IPO'# 
Interrupt priority 0 
B8H 
- 
I - 
I 
PS1 
I 
- 
I 
PT1 
I 
PX1 
I 
PTO 
I 
PXO 
xxOOOOOOB 


FF 
FE 
FD 
FC 
FB 
FA 
F9 
F8 


IP1'# 
Interrupt priority 1 
F8H 
PX9 I 
PX8 I 
PX7 
I 
PX6 
I 
PX5 
I 
PX4 
I 
PX3 
I 
PX2 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IENO'# 
Interrupt enable 0 
A8H 
EA 
I - 
I 
ES1 
I 
- 
I 
ET1 
I 
EX1 
I 
ETO I 
EXO 
OOH 


EF 
EE 
ED 
EC 
EB 
EA 
E9 
E8 


IEN1'# 
Interrupt enable 1 
E8H 
EX9 I 
EX8 I 
EX7 
I 
EX6 
I 
EX5 
I 
EX4 
I 
EX3 
I 
EX2 
OOH 


C7 
C6 
C5 
C4 
C3 
C2 
C1 
CO 


IR01'# 
Interrupt request flag 
COH 
109 I 
108 I 
107 I 
106 
I 
105 
I 
104 
I 
103 
I 
102 
OOH 


IX1# 
Interrupt polarity 
E9H 
OOH 


PO' 
PortO 
80H 
87 
86 
85 
84 
83 
82 
81 
80 
FFH 


P1' 
Port 1 
90H 
97 
96 
95 
94 
93 
92 
91 
90 
FFH 


P2' 
Port 2 
AOH 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 
FFH 


P3' 
Port 3 
BOH 
B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 
FFH 


PCON 
Power control 
87H 
SMOD I - 
I 
- 
I 
- 
I 
GF1 I 
GFO 
I 
PD 
I 
IDL 
OxxxOOOOB 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


PSW' 
Program status word 
DOH 
CY 
I 
AC 
I 
FO 
I 
RS1 
I 
RSO I 
OV 
I 
- 
I 
P 
OOH 


S1ADR# 
Slave address 
DBH 
OOH 


DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 


S1CON'# 
Serial control 
D8H 
- 
I ENS1 I 
STA I 
STO 
I 
SI 
I 
AA 
I 
CR1 
I 
CRO 
xOOOOOOOB 


S1DAT# 
Serial data 
DAH 
OOH 
S1STA# 
Serial status 
D9H 
11111000B 


SP 
Stack pointer 
81H 
07H 


8F 
8E 
8D 
8C 
8B 
8A 
89 
88 


TCON' 
TImer/counter 
88H 
TF1 I TR1 I 


TFO I 
TRO I 
IE1 I 


IT1 I 


IEO I 
ITO 
OOH 
control 


TMOD 
Timer/counter mode 
89H 
GATE I 
CIl 
I 
M1 
I 
MO 
I GATE I 
CIl 
I 
M1 
I 
MO 
OOH 


THO 
Timer 0 high byte 
8CH 
OOH 


TH1 
Timer 1 high byte 
8DH 
OOH 


TLO 
Timer 0 low byte 
8AH 
OOH 


TL1 
TImer 1 low byte 
8BH 
OOH 
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PORT OPTIONS 
The pins of port 1 (not P1.6/SCL or 
P1.7/SDA). port 2. and port 3 may be 
individually configured with one of the 
following port options (see Figure 1): 


Option 1: Standard 
Port- 
quasi-bidirectional 
110 with pull-up. 
The strong booster pull-up p1 is 
turned on for two oscillator periods 
aller a O-to-1 transition in the port 
latch. See Figure 1(a). 


Option 2: Open Drain-quasi-bidirectional 


1/0 with n-channel open drain 
output. Use as an output requires 
the connection of an external 
pull-up resistor. See Figure 1(b). 


Option 3: Push-Pull-output 
with drive 


capability in both polarities. Under 
this option. pins can only be used 
as outputs. See Figure 1(c). 


The definition of port options for port 0 is 
slightiy different. 


Two cases have to be examined. First. 
accesses to external memory (EA = 0 or 
access above the built-in memory bOUndary). 
and second. 1/0 accesses. 


External 
Memory Accesses 
Option 1: True 0 and 1 are written as 
address to the external memory 
(strong pull-up is used). 


Option 2: An external pull-up resistor is 
needed for external accesses. 


Option 3: Not allowed for external memory 
accesses as the port can only be 
used as output. 


VO Accesses 
Option 1: When writing a 1 to the port latch. 


the strong pull-up p1 will be on for 
two oscillator periods. No weak 
pull-up exists. Without an external 
pull-up. this option can be used as 
a high-impedance input. 


II ~_------,Iq 
N 


FROM 
PORT 
LATCH 
2J 


Option 2: Open drain-quasi-bidirectional 


1/0 with n-channel open drain 
output. Use as an output requires 
the connection of an external 
pull-up resistor. See Figure 1(c). 


Option 3: Push-Pull-<lutput 
with drive 


capability in both polarities. Under 
this option. pins can only be used 
as outputs. 


IndividuaLmask selection of the post-reset 
state is available on any of the above pins. 
Make your selection by appending "Soor "R" 
to option 1. 2. or 3 above (e.g .• 1S for a 
standard 1/0 to be set aller RESET or 2R for 
an open-drain 1/0 to be reset aller RESET. 


Option S: Set-aller 
reset. this pin will be 


initialized High. 


Option R: Reset-aller 
reset. this pin will be 
initialized Low. 


+5V 


STRONG puu._UcP ~ 
Pl 
ll~-r--a 


FROM 
PORT 
LATCH 
c!J 
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POWER-DOWN 
MODE 
The instruction setting PCON.1 is the last 
executed prior to going into the power-down 
mode. in power-down mode, the oscillator is 
stopped. The contents of the the on-chip 
RAM and SFRs are preserved. The port pins 
output the values held by their respective 
SFRs. ALE and J5SEN are held low. 


In the power-down mode, Voo may be 
reduced to minimize power consumption. 
However, the supply voltage must not be 
reduced until the power-down mode is active, 
and must be restored before the hardware 
reset is applied and frees the oscillator. Reset 
must be held active until the oscillator has 
restarted and stabilized. 


From the power-down mode the part can be 
restarted by using either the wake-up mode 
or the Reset Mode. 


Wake-Up 
Mode 


Setting both PD and IDL bits in the PCON 
register forces the controller into the 
power-down mode. Setting both bits enable 
the controller to be woken-up from the 
power-down mode via either an enabled 
external interrupt INT2-INT9, or a reset 
operation. 


An external interrupt for an enabled interrupt 
INT2-INT9 at port 1 starts both the oscillator 
and the delay counter. To ensure that the 
oscillator is stable before the controller 
restarts, the internal clock will remain inactive 
for 1536 oscillator periods after the interrupt 


is detected. This is controlled by the on-chip 
delay counter. After this, the PD flag will be 
reset, the controller is now in the idie mode 
and the interrupt will be handled in the normai 
way. 


Reset Mode 
Setting only the PD bit in the PCON register 
again forces the controller into the 
power-down mode, but in this case it can 
only be restored to normal operation with a 
direct reset operation. 


To restore normal operation, the RESET pin 
has to be kept High for a minimum of 24 
oscillator periods. The on-chip delay counter 
is inactive. The user has to insure that the 
oscillator is stable before any operation is 
attempted. Figure 2 iliustrates the two 
possibilities for wake-up. 


IDLE MODE 
The instruction that sets PCON.O is the last 
instruction executed before going into idle 
mode. In idle mode, the internal clock is 
stopped for the CPU, but not for the interrupt, 
timer, and serial port functions. The CPU 
status is preserved along with the stack 
pointer, program counter, program status 
word and accumulator. The RAM and all 
other registers maintain their data during idle 
mode. The port pins retain the logical states 
they held at idle mode activation. ALE and 
J5SEN hold at the iogic high level. 


There are two methods used to terminate the 
idle mode. Activation of any interrupt will 
cause PCON to be cleared by hardware; 
terminating idle mode. The interrupt is 
serviced, and following the instruction RETI, 
the next instruction to be executed will be the 
one following the instruction that put the 
device in the the idle mode. 


Flag bits GFO and GF1 can be used to 
determine whether the interrupt was received 
during normal execution or idle mode. For 
example, the instruction that writes to 
PCON.O can also set or clear one or both flag 
bits. When idle mode is terminated by an 
interrupt, the service routine can examine the 
status of the flag bits. 


The second method of terminating the idle 
mode is with an external hardware reset. 
Since the oscillator is still running, the 
hardware reset is required to be active for 
only two machine cycles to complete the 
reset operation. Reset redefines all SFRs, 
but does not affect the state of the on-chip 
RAM. 


The status of the external pins during idle and 
power-down mode is shown in Table 2. If the 
power-down mode is activated while 
accessing external memory, port data held in 
the special function register P2 is restored to 
port 2. If the data is a logic 1, the port pin is 
held high during the power-down mode. 


MODE 
PROGRAM MEMORY 
ALE 
PSrn 
PORTO 
PORT 1 
PORT2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Floating 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Floating 
Data 
Data 
Data 
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Figure 2. Wake-Up Operation 
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I SLAVE 
ADDRESS 


S1ADR 
=- 


S1STA 


12C-BUS SERIAL 
I/O 
The serial port supports the twin line 12C-bus. 
The 12C-busconsists of a data line (SDA) 
and a clock line (SCl). These lines also 
function as I/O port lines P1.7 and P1.6 
respectively. The system is unique because 
data transport, ciock generation, address 
recognition and bus control arbitration are all 
controlled by hardware. The 12C-bus serial 
I/O has complete autonomy in byte handling 
and operates in four modes: 
- Master transmitter 


- Master receiver 


- Slave transmitter 


- Slave receiver 


Assert acknowledge bit. When 
STO 
the AA flag is set, an 
acknowledge (low level to SDA) 
will be returned during the 
acknowledge clock pulse on the 
SCl line when: 
- 
own slave address is received 


- 
general call address is 
received (S1ADR.O = 1) 


- 
data byte received while 
device is programmed as 
master 
- 
data byte received while 
device is selected siave 


With AA = 0, no acknowledge will 
be returned. Consequently, no 
interrupt is requested when the 
"own slave address" or general 
call address is received. 
STA 


SIO interrupt flag. When the SI 
flag is set, an acknowledge is 
returned after anyone of the 
following conditions: 
- 
a start condition is generated 
in master mode 
- 
own slave address received 
during AA = 1 
ENS1 


- 
general call address received 
while S1ADR.O and AA = 1 


- 
data byte received or 
transmitted in master mode 
(even if arbitration is lost) 


- 
data byte received or 
transmitted as selected slave 


- 
stop or start condition received 
as selected slave receiver or 
transmitter 


These functions are controlled by the S1CON 
register. S1STA is the status register whose 
contents may also be used as a vector to 
various service routines. S1DAT is the data 
shift register and S1ADR the slave address 
register. Slave address recognition is 
performed by hardware. 


S1CON (D8H) 
Serial control 
register 


eRO, CR1, CR2 
These three bits determine the 
serial clock frequency when SIO 
is in a master mode. 


STOP flag. With this bit set while 
in master mode, a STOP 
condition is generated. When a 
STOP condition is detected on 
the bus, the SIO hardware clears 
the STO flag. In the slave mode, 
the STO flag may aiso be set to 
recover from an error condition. 
In this case, no STOP condition 
is transmitted to the 12C-bus. 
However, the SIO hardware 
behaves as if a STOP condition 
has been received and releases 
SDA and SCL. The SIO then 
switches to the "not addressed" 
slave receiver mode. The STO 
flag is automatically cleared by 
hardware. 


START flag. When the STA bit is 
set in slave mode, the SIO 
hardware checks the status of 
the 12C-bus and generates a 
START condition if the bus is 
free. If STA is set while the SIO 
is in master mode, SIO transmits 
a repeated START condition. 


When ENS1 = 0, the SIO is 
disabled. The SDA and SCl 
outputs are in a high-impedance 
state; P1.6 and P1.7 function as 
open drain ports. 


When ENS1 = 1, the SIO is 
enabled. The P1.6 and P1.7 port 
latches must be set to logic 1. 
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SlSTA(D9H) 
Status register 


S1STA is an 8-bit read-only special function 
register. SlSTA.3--S1STA.7 
hold a status 


code. SlSTA.o-S1STA.2 
are held LOW. The 


contents of Sl STA may be used as a vector 
to a service routine. This optimizes response 
time of the software and consequently that of 
the 12C-bus. 


The foliowing is a list of the status codes: 


Abbreviations 
used: 
SLA: 
7-bit slave address 
R: 
Read bit 
W: 
Write bit 
ACK: 
Acknowledgement (acknowledge 
bit = 0) 


ACK: 
Not Acknowledge (acknowledge 
bit = 1) 
8-bit byte to or from the 12C-bus 
Master 
Slave 
Transmitter 


Receiver 


DATA: 
MST: 
SLV: 
TRX: 
REC: 


MSTrrRX mode 
S1STA value 


08H - 
a START condition has been 
transmitted 


10H - 
a repeated START condition has 
been transmitted 
18H - 
SLA and W have been transmitted, 
ACK received 
20H - 
SLA and W have been transmitted, 
ACK received 


28H - 
DATA of S1DAT has been 
transmitted, ACK received 


30H - 
DATA of S1DAT has been 
transmitted, ACK received 
38H - 
Arbitration lost in SLA, R/W or DATA 


MSTIREC mode 
S1STA value 


08H - 
a START condition has been 
transmitted 
10H - 
a repeated START condition has 
been transmitted 


38H - 
Arbitration lost while retuming ACK 
40H - 
SLA and R have been transmitted, 
ACK received 
48H - 
SLA and R have been transmitted, 
ACK received 


50H - 
DATA has been received, ACK 
returned 
58H - 
DATA has been received, ACK 
returned 


SLV/REC mode 
S1STA value 


60H - 
Own SLA and W have been received, 
ACK returned 
68H - 
Arbitration lost in SLA, R/W as MST. 
Own SLA and W have been received, 
ACK returned 


70H - 
General CALL has been received, 
ACK returned 


78H - 
Arbitration lost in SLA, R/W as MST. 
General CALL has been received 
80H - 
Previously addressed with own SLA. 
DATA byte received, ACK returned 
88H - 
Previously addressed with own SLA. 
DATA byte received, ACK returned 
90H - 
Previously addressed with general 
CALL. DATA byte has been received, 
ACK has been returned 
98H - 
Previously addressed with general 
CALL. DATA byte has been received, 
ACK has been returned 


AOH- 
A STOP condition or repeated START 
condition has been received while stili 
addressed as SLV/REC or SLVrrRX 


SLvrrRX 
mode 
SlSTA value 


A8H - 
Own SLA and R have been received, 
ACK returned 


BOH- 
Arbitration lost in SLA, R/W as MST. 
Own SLA and R have been received, 
ACK returned 


B8H - 
DATA byte has been transmitted, 
ACK received 


COH- 
DATA byte has been transmitted, 
ACK received 


C8H - 
Last DATA byte has been transmitted 
(AA = logic 0), ACK received 


Miscellaneous 
S1STA value 


OOH- 
Bus error during MST mode or 
selected SLV mode, due to an 
erroneous START or STOP condition 


F8H - 
No relevant state interruption 
available, SI = o. 


SlOAT (DAH) 
Data Shift Register 


Data shift register 
SlOAT 
This register contains the serial data to be 
transmitted or data that has just been 
received. Bit 7 is transmitted or received first, 
i.e., data is shifted from left to right. 


SlADR 
(DBH) 
Slave Address 
Register 


S1ADR.0, GG: 0 = general CALL address is 
not recognized 


1 = general CALL address is 
recognized 


S1ADR.7-1: 
own slave address 


This 8-bit register may be loaded with the 
7-bit slave address, to which the controlier 
will respond when programmed as a slave 
receiver/transmitter. The LSB bit (GC) is used 
to determine whether the general CALL 
address is recognized. 


BIT RATE (kHz) at fosc 


CR2 
CRl 
CRO 
fosc DIVIDED BY 
3.58MHz 
6MHz 
12MHz 


0 
0 
0 
256 
14.0 
23.4 
46.9 
0 
0 
1 
224 
16.0 
26.8 
53.6 
0 
1 
0 
192 
18.6 
31.3 
62.5 
0 
1 
1 
160 
22.4 
37.5 
75.0 


1 
0 
0 
960 
3.73 
6.25 
12.5 


1 
0 
1 
120 
29.8 
50 
100 


1 
1 
0 
60 
59.7 
100 
- 
1 
1 
1 
not aliowed 
- 
- 
- 
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INTERRUPT 
SYSTEM 
Extemal events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronous to the execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution, a multiple-source, 
two-priority level, nested interrupt system is 
provided. The 8XCL410 acknowledges 
interrupt requests from thirteen sources, as 
follows: 
- 
INTOand INT1 


- Timer 0 and timer 1 


- IZC-bus serial I/O interrupt 


- INT2to INT9 (port 1) 


Each interrupt vectors to a separate location 
in program memory for its service routine. 
Each source can be individually enabled or 
disabled by corresponding bits in the intemal 
enable registers (IENO,IEN1) The priority 
level is selected via the interrupt priority 
register (IPO,IP1). All enabled sources can 
be globally disabled or enabled. 


External 
Interrupts 
INT2-INT9 


Port 1 lines serve an altemative purpose as 
eight additional interrupts INT2-INT9. When 
enabled, each of these lines can "wake-up" 
the device from power-down mode. Using the 
IX1 register, each pin may be initialized to 
either active high or low. IRQ1 is the interrupt 
request flag register. Each flag, if the interrupt 
is enabled, wiil be set on an interrupt request 
but it must be cleared by software. 


IENO(A8H) 
Interrupt 
enable register 


76543210 


~ 


Bit 
Symbol 
Function 
IENO.? 
EEA 
General enable/disable 
control 
o ~ no interrupt is enabled 
1 ~ any individually enabled 


interrupt will be 
accepted 
IENO.6 
(unused) 
IENO.5 
ES1 
Enable IzC 510 interrupt 
IENO.4 
(unused) 
IENO.3 
ET1 
Enable Timer T1 interrupt 
IENO.2 
EX1 
Enable ex1emal interrupt 1 


IENO.1 
ETO 
Enable Timer TO interrupt 
IENO.O 
EXO 
Enable ex1emal interrupt 0 


IEN1 (E8H) 
Interrupt 
enable register 


76543210 
EE:EEEEEEJ 


Bit 
Symbol 


IEN1.? 
EX9 


IEN1.6 
EX8 
IEN1.5 
EX? 


IEN1.4 
EX6 


IEN1.3 
EX5 


IEN1.2 
EX4 
IEN1.1 
EX3 


IEN1.0 
EX2 


Function 
Enable ex1emal interrupt 9 
Enable ex1emal interrupt 8 
Enable ex1emal interrupt? 
Enable extemal interrupt 6 
Enable extemal interrupt 5 
Enable extemal interrupt 4 
Enable ex1emal interrupt 3 
Enable ex1emal interrupt 2 


where 0 ~ interrupt disabled 


1~ interrupt enabled 


IPO(B8H) 
Interrupt 
priority 
register 


76543210 


~ 


Bit 
Symbol 
Function 
IPO.? 
(unused) 


IPO.6 
(unused) 
IPO.5 
PS1 
IzC 510 interrupt 
priority level 


IPO.4 
(unused) 
IPO.3 
PT1 
Timer 1 interrupt 
prioity level 
IPO.2 
PX1 
Extemal interrupt 1 
priority level 
iPO.1 
PTO 
Timer 0 interrupt 
prioity level 


IPO.O 
PXO 
Extemal interrupt 0 
priority level 


IP1 (F8H) 
Interrupt 
priority 
register 


76543210 
EE:EEEEEEJ 


Bit 
Symbol 
Function 
IP1.? 
PX9 
Extemal interrupt 9 priority 
level 


IP1.6 
PX8 
Extemal interrupt 8 priority 
level 
IP1.5 
PX? 
Extemal interrupt? priority 
ievel 
IP1.4 
PX6 
Extemal interrupt 6 priority 
level 


IP1.3 
PX5 
Extemal interrupt 5 priority 
level 


IP1.2 
PX4 
Extemal interrupt 4 priority 
level 
IP1.1 
PX3 
Extemal interrupt 3 priority 
level 


IP1.0 
PX2 
Extemal interrupt 2 priority 
level 


Interrupt priority is as follows: 
0- 
low priority 
1- 
high priority 


IX1 (E9H) 
Interrupt 
polarity 
register 


76543210 


~ 


Bit 
Symbol 
Function 


IX1.? 
IL9 
Extemal interrupt 9 polarity 
level 
IX1.6 
IL8 
Extemal interrupt 8 polarity 
level 
IX1.5 
IL? 
Extemal interrupt? 
polarity 
level 


IX1.4 
IL6 
Extemal interrupt 6 polarity 
level 
IX1.3 
IL5 
Extemal interrupt 5 polarity 
level 


IX1.2 
IL4 
Extemal interrupt 4 polarity 
level 
IX1.1 
IL3 
Extemal interrupt 3 polarity 
level 
IX1.0 
IL2 
Extemal interrupt 2 polarity 
level 


Writing either a "1" or "0" to an IX1 register bit 
sets the priority level of the corresponding 
extemal interrupt to active High or Low, 
respectively. 
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Osc.1: 
Figure 
5(c). 
An option 
for 32kHz 


SFR 
clock 
applications 
with 
external 


Address 
trimmer 
for frequency 
adjustment. 


E9H 
A 4.7M!"! 
bias 
resistor 
must 
be 
COH 
connected 
in parallel 
with the 


A8H 


crystal. 


E8H 
Osc.2: 
Figure 
5(e). 
An option 
for low-power, 


low-frequency 
operations 
using 
LC 


B8H 
components 
or quartz. 


F8H 
Osc.3: 
An option 
for medium 
frequency 


range 
applications. 


Osc.4: 
An option 
for high frequency 
range 


applications. 


RC: 
Figure 
5(g). 
An option 
for an RC 


oscillator. 


IRQ1 
(COH) 


Interrupt 
request 
flag 
register 


76543210 


~ 


Bit 
Symbol 
Function 


IRQ1.7 
IQ9 
External 
interrupt 
9 request 


flag 


IRQ1.6 
IQ8 
External 
interrupt 
8 request 


flag 


IRQ1.5 
IQ7 
External 
interrupt 
7 request 


fiag 
IRQ1.4 
IQ6 
External 
interrupt 
6 request 


flag 


IRQ1.3 
IQ5 
External 
interrupt 
5 request 


flag 


IRQ1.2 
IQ4 
External 
interrupt 
4 request 


flag 


IRQ1.1 
IQ3 
External 
interrupt 
3 request 


flag 


IRQ1.0 
IQ2 
External 
interrupt 
2 request 


flag 


Priority 


XO (highest) 
S1 
X5 
TO 


X6 
X1 


X2 


X7 
T1 
X3 


X8 
X4 


X9 (lowest) 


Vector 


0003H 


002BH 


0053H 


OOOBH 


005BH 


0013H 


003BH 


0063H 


001BH 


0043H 


006BH 


004BH 


0073H 


Source 
External 
0 


i2C port 


External 
5 


limer 
0 


External 
6 


External 
1 


External 
2 


External 
7 


limer 
1 


External 
3 


External 
8 


External 
4 


External 
9 


Register 
Function 


IX 1 
Interrupt 
polarity 
register 


IRQ1 
Interrupt 
request 
flag 


register 


Interrupt 
enable 
register 


Interrupt 
enable 
register 


(INT2-INT9) 


Interrupt 
priority 
register 


Interrupt 
priority 
register 


(INT2-INT9) 


OSCILLATOR 
CIRCUITRY 


The 
on-chip 
oscillator 
circuitry 
of the 


8XCL410 
is a single 
stage 
inverting 
amplifier 


biased 
by an internal 
feedback 
resistor. 
(See 


Figure 
4.) The 
osciilator 
can be operated 
with 


a quartz 
crystal, 
ceramic 
resonator, 
LC 


network 
or RC network. 
See 
Figure 
5 for 


different 
configurations. 
When 
ordering 
parts, 


it is necessary 
to specify 
an oscillator 
option. 


The 
options 
are: 
RC when 
an RC network 
will 


be used, 
OSC 
2 for oscillator 
operation 
below 


4MHz, 
OSC 
3 for oscillator 
operation 
from 


4MHz 
to 1OMHz, 
OSC 
4 for oscillator 


operation 
above 
1OM Hz, and 32kHz 
if 32kHz 


to 400kHz 
operation 
is desired. 


For operation 
as a standard 
quartz 
oscillator, 


no external 
components 
are needed 
(except 


at 32KHz). 
When 
using 
externai 
capacitors, 


ceramic 
resonators, 
coils, 
and 
RC networks 


to drive 
the osciilator, 
five different 


configurations 
are supported 
(see 
Figure 
5 


and Table 
4). 


in the power-down 
mode 
the oscillator 
is 


stopped 
and XTAL 1 is pulled 
high. 
The 


oscillator 
inverter 
is switched 
off to ensure 
no 


current 
will flow. 
To drive 
the device 
with 
an 


external 
clock 
source, 
apply 
the external 


clock 
signal 
to XTAL 1, and 
leave 
XTAL2 
to 


float, 
as shown 
in Figure 
5(f). 
There 
are 
no 


requirements 
on the duty 
cycle 
of the 


external 
ciock, 
since 
the input 
to the internai 


clocking 
circuitry 
is split 
using 
a fiip-f1op. 


The 
following 
options 
are provided 
for 


optimum 
on-chip 
oscillator 
performance. 


Please 
state 
option 
when 
ordering: 


The 
equivalent 
circuit 
data 
of the internal 


oscillator 
compares 
with 
that of matched 


crystais. 


The 
externally 
adjustable 
RC oscillator 
has a 


frequency 
range 
from 
100kHz 
to 500kHz. 


(See 
Figure 
7.) 


Power-on 
Reset 


The 
8XCL41 
0 contains 
on-chip 
circuitry 


which 
switch 
the 
port 
pins 
to the 


customer-defined 
logic 
level 
as soon 
as V DD 


exceeds 
1.3V 
if the mask 
option 
"ON" 
has 


been 
chosen 
(see 
Figures 
8 and 
9). As soon 


as the minimum 
supply 
voltage 
is reached, 


the oscillator 
will start 
up. However, 
to ensure 


that the oscillator 
is stable 
before 
the 


controller 
starts, 
the clock 
signals 
are gated 


away 
from 
the CPU 
for a further 
1536 


oscillator 
periods. 


An hysteresis 
of approximately 
50mV 
at a 


typical 
power-on 
switching 
level 
of 1.3V 
will 


ensure 
correct 
operation. 


The 
on-chip 
power-on 
reset 
circuitry 
can also 


be switched 
off via the mask 
option 
"OFF". 


This 
option 
reduces 
the power-down 
current 


to typically 
800~A 
and 
can 
be chosen 
if 


external 
reset 
circuitry 
is used. 
For 


applications 
not requiring 
the internal 
reset, 


option 
"OFF" 
should 
be chosen. 


An automatic 
reset 
can 
be obtained 
at 


power-on 
by connecting 
the 
RST 
pin to V DD 


via a 1O~F capacitor. 
At power-on, 
the 


voltage 
on the 
RST 
pin is equal 
to VDD minus 


the capacitor 
voltage, 
and 
decreases 
from 


VDD as the capacitor 
discharges 
through 
the 


internal 
resistor 
RRST to ground. 
The 
larger 


the capacitor, 
the more 
slowly 
VRST 


decreases. 
VRST must 
remain 
above 
the 


lower 
threshold 
of the Schmitt 
trigger 
long 


enough 
to effect 
a complete 
reset. 
The 
time 


required 
is the oscillator 
start-up 
time, 
plus 
2 


machine 
cycles. 
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C11T 
o 
T 
C2j 


o 


(b) Quartz Oscillator with External 
Capacitors 


1 


I 
(d) Configuration for 
1 
______________ 
+ 
Ce~a~ic Res~n~t~ 
__+ 
_ 


XTAL~AL2 
1 r-r 
I 
XTAL~AL2 
11 
1 
XTAL1 
XTAL2 
I 
N.C.A 
l 
l! 
,.! 
"'00 1 


(e) Configuration for 
~I 
(f) External Clock 
~I 
(g) RC Network 
LC Network 
Configuration 
Configuration 
-------------- 
-------------- 
-------------- 
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Cl EXT. 
C2 EXT. 
MAXIMUM RESONATOR 


RESONATOR 
f(MHz) 
OPTION 
MIN 
MAX 
MIN 
MAX 
SERIES RESISTANCE 


Quartz 
0.032 
Osc.l 
5 
15 
0 
0 
15kn' 


Quartz 
1.0 
Osc.2 
0 
30 
0 
30 
600n 


Quartz 
3.58 
Osc.2 
0 
15 
0 
15 
lOOn 


Quartz 
4.0 
Osc.2 
0 
20 
0 
20 
750 


Quartz 
6.0 
Osc.3 
0 
10 
0 
10 
600 


Quartz 
10.0 
Osc.4 
0 
15 
0 
15 
600 


Quartz 
12.0 
Osc.4 
0 
10 
0 
10 
400 


Quartz 
16.0 
Osc.4 
0 
15 
0 
15 
20n 


PXE 
0.455 
Osc.2 
40 
50 
40 
50 
100 


PXE 
1.0 
Osc.2 
15 
50 
15 
50 
1000 


PXE 
3.58 
Osc.2 
0 
40 
0 
40 
10n 


PXE 
4.0 
Osc.2 
0 
40 
0 
40 
100 


PXE 
6.0 
Osc.2 
0 
20 
0 
20 
50 


PXE 
10.0 
Osc.3 
0 
15 
0 
15 
6n 


PXE 
12.0 
Osc.4 
10 
40 
10 
40 
6n 


LC 
Osc.2 
20 
90 
20 
90 
10J.lH= 10 
100J.lH= 50 
1mH =750 


PARAMETER 
OPTION 
SYMBOL 
CONDITION 
MIN 
TYP 
MAX 
UNIT 


Transconductance 
Osc.l 
9m 
T = +25°C; Voo = 4.5V 
- 
15 
- 
J.ls 
Osc.2 
9m 
T = +25°C; Voo = 4.5V 
200 
600 
1000 
J.ls 
Osc.3 
9m 
T = +25°C; V00 = 4.5V 
400 
1500 
4000 
J.ls 
Osc.4 
9m 
T = +25°C; Voo = 4.5V 
1000 
4000 
10000 
J.ls 


Input capacitance 
Osc.l 
cl; 
- 
3.0 
- 
pF 
Osc.2 
cl; 
- 
8.0 
- 
pF 


Osc.3 
cl; 
- 
8.0 
- 
pF 


Osc.4 
c1j 
- 
8.0 
- 
pF 


Output capacitance 
Osc.l 
c2j 
- 
23.0 
- 
pF 
Osc.2 
c2; 
- 
8.0 
- 
pF 


Osc.3 
c2; 
- 
8.0 
- 
pF 
Osc.4 
c2; 
- 
8.0 
- 
pF 


Output resistance 
Osc.l 
R2 
- 
3800 
- 
kO 
Osc.2 
R2 
- 
65 
- 
kG 


Osc.3 
R2 
- 
18 
- 
kO 
Osc.4 
R2 
- 
5.0 
- 
kO 
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Figure 7. 
Frequency 
as a Function 
of RC 
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PARAMETER 
RATING 
UNIT 


Supply voltage 
-0.5 to +6.5 
V 


All input voltages 
-0.5 to Voo +0.5 
V 


DC current into any input or output 
5 
mA 


Total power dissipation 
300 
mW 


Storage temperature range 
-65 to +150 
°C 


Operating ambient temperature range 
-40 to +85 
°C 


Operating junction temperature 
125 
°C 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 
2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 
3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


Low voltage/low power single-chip 
8-bit microcontroller with 12C 


DC ELECTRICAL 
CHARACTERISTICS 
Tamb= -40°C to +85°C, VSS = OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


VOO 
Supply voltage 
fClK (see Figure 13) 
1.8 
6.0 
V 


RAM retention voltage in power-down mode 
1.0 
- 
V 


100 
Power supply current: 
Operating1 


OSC 1 option 
fClK = 32kHz, VOO= 1.8V, Tamb= +25°C 
- 
50 
~A 
OSC 2 option 
fClK = 3.58MHz, V00 = 3V 
- 
2.5 
mA 
OSC 2 option 
fClK = 10MHz, VOO= 5V 
- 
14 
mA 
OSC 3 option 
fClK = 12MHz, Voo = 5V 
- 
16 
mA 
OSC 4 option 
fClK = 12MHz, Voo = 5V 
- 
20 
mA 


Idle modez 
OSC 1 option 
fClK = 32kHz, Voo = 1.8V, Tamb= +25°C 
- 
25 
~A 
OSC 2 option 
fClK = 3.58MHz, V00 = 3V 
- 
1.0 
mA 


OSC 2 option 
fClK = 10MHz, Voo = 5V 
- 
5.0 
mA 


OSC 3 option 
fClK = 12MHz, Voo = 5V 
- 
7.0 
mA 


OSC 4 option 
fClK = 12MHz, Voo = 5V 
- 
8.5 
mA 


Power-down mode3 
Voo = 1.8V, Tamb= +25°C 
- 
10 
~A 


Vil 
Input low voltage 
Vss 
0.3Voo 
V 


VIH 
Input high voltage 
0.7Voo 
Voo 
V 


IOl 
Output sink current, except SDA, SCL 
Voo = 5V, VOL = OAV 
1.6 
mA 


Voo = 2.5V, VOL= OAV 
0.7 
mA 


lOll 
Output sink current, SDA, SCL 
Voo = 5V, VOL = OAV 
3.0 
mA 


IOH 
Output source current (push-pull options only) 
Voo = 5V, VOH= Voo - OAV 
1.6 
mA 


Voo = 2.5V, VOH= Voo - OAV 
0.7 
mA 


III 
Logical 0 input current, ports 1, 2, 3 
Voo = 5V,VIN= 0.4V 
-100 
~ 


Voo = 2.5V,VIN = OAV 
-50 
~A 


ITl 
Logical 1-to-0 transition current, ports 1, 2, 3 
Voo = 5V, VIN = Voo/2 
-1.0 
mA 


Voo = 2.5V, VIN = Voo/2 
-500 
~A 


III 
Input leakage current, port 0, EA 
Vss < VI < Voo 
±10 
~ 


RRST 
Intemal reset pull-down resistor 
10 
200 
kn 


NOTES: 
1. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with tr = tf = 1Ons;Vil = Vss, VIH = Voo; XTAL2 


not connected; EA = RST = Port 0 = Voo; all open drain outputs connected to Vss. 
2. The idle supply current is measured with all output pins disconnected; XTAL1 driven with t, = tf = 10ns; V,l = Vss, VIH = Voo; XTAL2 not 
connected; EA = Port 0 = Voo; RST = Vss; all open drain outputs connected to Vss. 
3. The power-down current is measured with all output pins disconnected; XTAL1 not connected; EA = port 0 = Voo; RST = Vss; all open-drain 
outputs connected to Vss. 
4. The RC-oscillator is not implemented in this version. 
5. 
Circuits with "power-on reser option "OFF" are tested at VOOMIN= 1.8V, with option "ON" (typically 1.3V) are tested at VOOMIN= 2.3V. 
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AC ELECTRICAL 
CHARACTERISTICS 


Tamb= -40°C to +85°C 
VSS = OV1. 2 


12MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


Program 
Memory 


l/leLCL 
Oscillator frequency 
0 
20 
MHz 


tLL 
10 
ALE pulse width 
127 
2tCLCL-40 
ns 


tAL 
10 
Address valid to ALE low 
43 
tCLCL-40 
ns 


tLA 
10 
Address hold after ALE low 
48 
tCLCL-35 
ns 


'LIV 
10 
ALE low to valid instruction in 
233 
4leLCL-100 
ns 


tLC 
10 
ALE low to J5Srn low 
58 
tCLCL-25 
ns 


tcc 
10 
J5Srn pulse width 
215 
3tCLCL-35 
ns 


lelV 
10 
J5Srn low to valid instruction in 
125 
3tCLCL-125 
ns 


lei 
10 
Input instruction hold after J5Srn 
0 
0 
ns 


lelF 
10 
Input instruction float after J5Srn 
63 
tCLCL-20 
ns 


tAVI 
10 
Address to valid instruction In 
302 
5tCLCL-115 
ns 


tAFC 
10 
J5Srn low to address float 
0 
0 
ns 


Data Memory 


tRR 
11 
1'm pulse width 
. 
400 
6leLCL-100 
ns 


tww 
12 
WR" pulse width 
400 
6tCLCL-100 
ns 


tLA 
11,12 
Address hold time after ALE 
48 
- 
tCLCL-35 
- 
ns 


tRO 
11 
1'm low to valid data in 
250 
5leLCL-165 
ns 


tOFR 
11 
Data float after 1'm 
97 
2leLCL-70 
ns 


tLO 
11 
ALE low to valid data In 
517 
8tCLCL-150 
ns 


tAD 
11 
Address to valid data in 
585 
9tCLCL-165 
ns 


tLW 
11.12 
ALE low to 1'm or WR" low 
200 
300 
3leLCL-50 
3leLCL+50 
ns 


tAW 
11,12 
Address valid to WR" low or 1'm low 
203 
4tCLCL-130 
ns 


towx 
12 
Data valid to WR" transition 
23 
tCLCL-60 
ns 


tow 
11 
Data valid to WR" 
433 
- 
7tCLCL-150 
- 
ns 


two 
12 
Data hold after WR" 
33 
leLCL-50 
ns 


tAFR 
11 
1'm low to address floafl 
12 
12 
ns 


tWHLH 
11,12 
1'm or WR" high to ALE high 
43 
123 
tCLCL-40 
tCLCL+40 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and J5Srn = 50pF, load capacitance for all other outputs = 40pF. 
3. 
Interfacing the 8XCL41 0 to devices with float time up to 75ns Is permitted. This limited bus connection will not cause damage to port 0 
drivers. 
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Figure 17. 
Typical Idle Current as a Function of 
Frequency and Voo• Tamb= 25°C 
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Figure 16. 
Typical Operating Current as a Function of 
Frequency and Voo• Tamb= 25°C 
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Figure 18. 
Typical Power-Down Current Vs. 
Frequency and Voo. Tamb= 25°C 
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PIGGYBACK 
SPECIFICATION 
The differences between the masked version 
and the piggyback are described herein. 


General 
Description 
The P85CLOOOHFZis a piggy-back version 
with 256 bytes of RAM used for emulation of 
the P83CL41 0 microcontroller. The 
P85CLOOOHFZis manufactured in an 
advanced CMOS technology. The instruction 
set of the P85CLOOOHFZis based on that of 
the 8051. The device has low power 
consumption and a wide supply voltage 
range. The P85CLOOOHFZhas two software 
selectable modes of reduced activity for 
further power reduction: Idle and 
Power-down. For timing and AC/DC 
characteristics, please refer to the P83CL410 
specifications. 


Features 


• Full static 80C51 CPU 


• 8-bit CPU, RAM, 1/0 in a single 


40-lead DIP 


• Socket for up to 16k external EPROM 


• 256 bytes RAM, expandable externally to 
64K bytes 


• Four 8-bit ports, 32 1/0 lines 


• External memory expandable up to 128K, 


external ROM up to 64K andlor RAM up to 
64K 


• Thirteen source, thirteen vector interrupt 


structure with two priority levels 


• Full duplex serial port (UART) 


• 
12C-bus interface for serial transfer on two 
lines 


STANDARD 
PIGGYBACK 
Types: P85CLOOOHFZ 
Emulation for: P83CL410, P80CL51 
List of differences between masked microcontroller and corresponding piggyback: 


• Enhanced architecture with: 


- 
non-page oriented instructions 


- 
direct addressing 


- 
four eight byte RAM register banks 


- 
stack depth up to 128 bytes 


- 
multiply, divide, subtract and compare 
instructions 


• STOP and IDLE instructions 


• Wake-up via external interrupts at port 1 


• Single supply voltage of 1.8V to 6.0V 


• On-chip oscillator (option: oscillator 4) 


• Very low current consumption 


• Operating temperature range: 


-40 to +85°C 


PARAMETER 
MASKED CONTROLLER 
PIGGYBACK 


RAM size 
128 
256 


ROM size 
4k 
EPROM size dependent (max 16k) 


Port option 
1,2,3 
1 


Oscillator option 
Osc. 1,2,3,4, 
RC 
Osc.4 


Mech. dimensions 
Standard Dual In-Line, Small Outline 
See SOT158A 


Current cons. 
100 
100 (OSC. 4) + IEPROM 


Voltage range 
full 
full, limited by EPROM 


ESD 
specification 
not tested (different package) 


DESCRIPTION 
The Philips 8XC451 is an I/O expanded 
single-chip microcontroller fabricated with 
Philips high-density CMOS technology. 
Philips epitaxial substrate minimizes latch-up 
sensitivity. 


The 8XC451 (includes the 80C451, 87C451 
and 83C451) is a functional extension of the 
87C51 microcontroller with three additional 
I/O ports and four 1/0 control lines for a total 
of 68 pins. Four control lines associated with 
port 6 facilitate high-speed asynchronous 1/0 
functions. 


The 8XC451 includes a 4k x 8 ROM 
(83C451) EPROM (87C451), a 128 x 8 RAM, 
56 (LCC), two 16-bit timerlcounters, 
a five 


source, two priority level, nested interrupt 
structure, a serial 1/0 port for either a full 
duplex UART, 1/0 expansion, or 
multi-processor communications, and on-chip 
oscillator and clock circuits. The 80C451 
ROMless version includes all of the 83C451 
features except the on-board 4k x 8 ROM. 


The 87C451 has 4k of EPROM on-chip as 
program memory and is otherwise identical to 
the 83C451. 


The 8XC451 has two software selectable 
modes of reduced activity for further power 
reduction; idle mode and power-down mode. 
Idle mode freezes the CPU while allowing the 
RAM, timers, serial port, and interrupt system 
to continue functioning. Power-down mode 
freezes the oscillator, causing all other chip 
functions to be inoperative while maintaining 
the RAM contents. 


• Port 6 features: 


- 
Eight data pins 


- 
Four control pins 


- 
Direct MPU bus interiace 


- 
Parallel printer interiace 


• On the microcontroller: 


- 4k x 8 ROM (83C451) 
4k x 8 EPROM (87C451) 
ROMless version (80C451) 


- 
128 x 8 RAM 


- Two 16-bit counter/timers 


- Two external interrupts 


• External memory addressing capability 


- 
64k ROM and 64k RAM 


• Low power consumption: 


- 
Normal operation: less than 24mA at 5V, 
12MHz 


- 
Idle mode 


- 
Power-down mode 


9 
1 
61 


'"8" 


, 


PLCC 


26 
44 


27 
43 


Pin 
Function 
Pin 
Function 
1 
EANpp 
35 
AST 
2 
P2.OIAS 
36 
P3.OIRxD 
3 
P2.1/A9 
37 
P3.1fTxD 
4 
?2.2/Al0 
38 
P3.2J1limj 


5 
P2.31Al1 
39 
P3.3I1mT 
6 
P2.41A12 
40 
P3.4fTO 
7 
P2.5/A13 
41 
P3.Srrl 
8 
P2.61A14 
42 
P3.6IWfl 


9 
P2.7/A15 
43 
P3.71RU 
10 
PO.7/AD7 
44 
PS.O 


11 
PO.G/AD6 
45 
P5.1 
12 
PO.5fAD5 
46 
PS.2 


13 
PO.41AD4 
47 
P5.3 


14 
PO.31AD3 
48 
P5.4 
15 
PO.2/AD2 
49 
P5.5 
16 
PO.l/ADl 
50 
P5.6 


17 
PO.D/ADO 
51 
PS.7 


18 
vcc 
52 
XTAL2 


19 
P4.7 
53 
XTAL1 
20 
P4.6 
54 
vss 


21 
P4.5 
55 
om; 
22 
P4.4 
56 
IllS 
23 
P4.3 
57 
BFLAG 
24 
P4.2 
58 
AFLAG 
25 
P4.1 
59 
P6.0 


26 
P4.0 
60 
P6.' 
27 
Pl.D 
61 
P6.2 
28 
Pl.l 
62 
P6.3 


29 
P1.2 
63 
P6.4 


30 
Pl.3 
64 
PS.S 


31 
Pl.4 
65 
P6.6 
32 
P1.5 
66 
P6.? 
33 
Pl.6 
67 
I'SEf'l 


34 
Pl,? 
68 
ALEIPROG 


TEMPERATURE RANGE °C 
FREQ 
DRAWING 
ROMless 
ROM 
EPROM! 
AND PACKAGE 
MHz 
NUMBER 


SC80C451 CCA68 
SC83C451 CCA68 
SC87C451 CCA68 
OTP 
o to +70, Plastic Leaded Chip Carrier, 
3.5 to 12 
0398E 


SC80C451 CGA68 
SC83C451 CGA68 
SC87C451 CGA68 
OTP 
o to +70, Plastic Leaded Chip Carrier 
3.5 to 16 
0398E 


SC80C451 ACA68 
SC83C451 ACA68 
SC87C451 ACA68 
OTP 
-40 to +85, Plastic Leaded Chip Carrier 
3.5 to 12 
0398E 


SC80C451 AGA68 
SC83C451 AGA68 
SC87C451 AGA68 
OTP 
-40 to +85, Plastic Leaded Chip Carrier 
3.5 to 16 
0398E 


NOTE: 
1. OTP = One Time Programmable 


r------------ 
I 
I 


veel 
---"-"1 


vssln 


I 
I 
I 
I 
I 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
__________ 
-.J 


SBUF 
IE 
IP 


INTERRUPT, 
SERIAL 


PORT AND TIMER 
BLOCKS 


AL 


EAVpp 


AST 


MNEMONIC 
PIN 
TYPE 
NAME AND FUNCTION 
NO. 


VSS 
54 
I 
Ground: 
OV reference. 


Vcc 
18 
I 
Power Supply: This is the power supply volfage for normal, idle, and power-down operation. 


PO.O-O.7 
17-10 
I/O 
Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 is also the multiplexed data and low-order 
address bus during accesses to external memory. Extemal pull-ups are required during program 
verification. Port 0 can sink/source eight LS TTL inputs. 


P1.o-P1.7 
27-34 
I/O 
Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups. Port 1 receives the low-order 
address bytes during program memory verification. Port 1 can sink/source three LS TTL inputs, and 
drive CMOS i,nputswithout external pull-ups. 


P2.o-P2.7 
2-9 
I/O 
Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 emits the high-order address 
bytes during access to external memory and receives the high-order address bits and control signals 
during program verification. Port 2 can sink/source three LS TTL inputs, and drive CMOS inputs without 
external pull-ups. 


P3.o-P3.7 
36-43 
I/O 
Port 3: Port 3 is an 8-bit bidirectionai I/O port with internal pull-ups. Port 3 can sink/source three LS 
TTL inputs, and drive CMOS inputs without external pull-ups. Port 3 also serves the special functions 
listed below: 
36 
I 
RxD (P3.0): Serial input port 


37 
0 
TxD (P3.1): Serial output port 


3B 
I 
rnTll (P3.2): External interrupt 


39 
I 
mT1 (P3.3): External interrupt 


40 
I 
TO(P3.4): Timer 0 external input 


41 
I 
T1 (P3.5): TImer 1 external input 


42 
0 
WR (P3.6): External data memory write strobe 


43 
0 
m:l (P3.7): External data memory read strobe 


P4.o-P4.7 
26-19 
I/O 
Port 4: Port 4 is a 8-bit (LCC) bidirectional I/O port with internal pull-ups. Port 4 can sink/source three 
LS TTL inputs and drive CMOS inputs without external pull-ups. 


P5.0-P5.7 
44-51 
I/O 
Port 5: Port 5 is a 8-bit (LCC) bidirectional I/O port with internal pull-ups. Port 5 can sink/source three 
LS TTL inputs and drive CMOS inputs without external pull-ups. 


P6.o-P6.7 
59-66 
I/O 
Port 6: Port 6 is a specialized B-bit bidirectional I/O port with internal pull-Ups. This special port can 
sink/source three LS TTL inputs and drive CMOS inputs without extemal pull-ups. Port 6 can be used in 
a strobed or non-strobed mode of operation. Port 6 works in conjunction with four control pins that 
serve the functions listed below: 


OTIS 
55 
I 
OTIS: Output data strobe 


!US 
56 
I 
!US: Input data strobe 


BFLAG 
57 
I/O 
BFLAG: Bidirectional I/O pin with internal pull-ups 


AFLAG 
58 
I/O 
AFLAG: Bidirectional I/O pin with internal pull-ups 


RST 
35 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the device. An 
internal pull-down resistor permits a power-on reset using only an external capacitor connected to Vcc. 
ALEIPROG 
68 
I/O 
Address 
Latch EnablelProgram 
Pulse: Output pulse for latching the low byte of the address during 
an access to external memory. ALE is activated at a constant rate of 1/6 the oscillator frequency except 
during an extemal data memory access, at which time one ALE is skipped. ALE can sink/source three 
LS TTL inputs and drive CMOS inputs without external pull-ups. This pin is also the program pulse 
during EPROM programming. 


J5Srn 
67 
0 
Program 
Store Enable: The read strobe to external program memory. J5Srn is activated twice each 


machine cycle during fetches from external program memory. However, when executing out of external 
program memory, two activations of J5Srn are skipped during each access to external program 
memory. J5Srn is not activated during fetches from internal program memory. J5Srn can sink/source 
eight LS TTL inputs and drive CMOS inputs without an extemal pull-up. This pin should be tied low 
during programming. 


~pp 
1 
I 
Instruction 
Execution 
Control/Programming 
Supply Voltage: When E}I; is held high, the CPU 
executes out of internal program memory, unless the program counter exceeds OFFFH. When E}I; is 
held low, the CPU executes out of external program memory. E}I; must never be allowed to float. This 
pin also receives the 12.75V programming supply voltage (Vpp) during EPROM programming. 


XTAL1 
53 
I 
Crystal 1: Input to the inverting oscillator amplifier that forms the oscillator. This input receives the 
external oscillator when an external oscillator is used. 


XTAL2 
52 
0 
Crystal 2: An output of the inverting amplifier that forms the oscillator. This pin should be floated when 
an external oscillator is used. 


VO Port Structure 
The 8XC451 has a total of seven parallel I/O 
ports. The first four ports, POthrough P3, are 
identical in function to those present on the 
80C51 family. The added ports 4 and 5 are 
identical in function to port 1; that is, they are 
standard quasi-bidirectional ports with no 
alternate functions and the standard output 
drive characteristics. Port 6 is a specialized 
8-bit bidirectional I/O port with internal 
pUliups. 


Ports 4 and 5 
Ports 4 and 5 are bidirectionai I/O ports with 
internal pull-ups. Port 4 is an 8-bit port. Port 4 
and port 5 pins with ones wrilten to them, are 
pulled high by the internal pull-ups, and in 
that state can be used as inputs. Port 4 and 5 
are addressed at the special function register 
addresses shown in Table 1. 


Port 6 
Port 6 is a special 8-bit bidirectional i/O port 
with internal pull-ups (see Figure 1). This 
special port can sink/source three LS TTL 
inputs and drive CMOS inputs without 
external pullups. The flexibility of this port 
facilitates high-speed parallel data 
communications. This port can be used as a 
standard I/O port, or in strobed modes of 
operation in conjunction with four special 
control lines: tms, TDS, AFLAG, and BFLAG. 
Port 6 operating modes are controiled by the 
port 6 control status register (CSR). Port 6 
and the CSR are addressed at the special 
function register addresses shown in Table 1. 
The following four control pins are used in 
conjunction with port 6: 


ODS - Output data strobe (Active Low) for 
port 6. tms can be programmed to control 
the port 6 output drivers and the output buffer 
full flag (OBF), or to clear only the OBF flag 
bit in the CSR (output-always mode). tms is 
active low for output driver control. the OBF 
flag can be programmed to be cleared on the 
negative or positive edge of tms. 


TDS - Input data strobe (Active Low) for 
port 6. TDS is used to control the port 6 input 
latch and input buffer full flag (IBF) bit in the 
CSR. The input data latch can be 
programmed to be transparent when TDS is 
low and latched on the positive transition of 
TDS, or to latch only on the positive transition 
of TDS. Correspondingly, the IBF flag is set on 
the negative or positive transition of TDS. 


BFLAG - BFLAG is a bidirectional I/O pin 
which can be programmed to be an output, 
set high or low under program controi, or to 
output the state of the input buffer full flag. 
BFLAG can also be programmed to input an 
enable signal for port 6. When BFLAG is 
used as an enable input, port 6 output drivers 
are in the high-impedance state, and the 
input latch does not respond to the TDS 
strobe when BFLAG is high. Both features 
are enabled when BFLAG is low. This feature 
facilitates the use of the SC8XC451 in bused 
multiprocessor systems. 


AFLAG 
- AFLAG is a bidirectionalI/O 
pin 
which can be programmed to be an output 
set high or low under program control, or to 
output the state of the output buffer full flag. 
AFLAG can also be programmed to be an 
input which selects whether the contents of 
the output buffer, or the contents of the port 6 
control status register will output on port 6. 
This feature grants complete port 6 status to 
external devices. 


Port 6 can be used in a number of different 
ways to facilitate data communication. It can 
be used as a processor bus interface, as a 
standard quasi-bidirectional I/O port, or as a 
parallel printer port (either polled or interrupt 
driven). 


Processor 
Bus Interface 
Port 6 allows the use of an 8XC451 as an 
element on a microprocessor type bus. The 
host processor could be a general purpose 
MPU or the data bus of a microcontroller like 
the 8XC451 itself. Selting up the 8XC451 as 


a processor bus interface allow» 
multiple microcontrollers to be use 
as flexible peripheral processing eleme 
Applications can include: keyboard scann6- 
serial I/O controllers, servo controllers, etc. 


On reset, port 6 is programmed correctly 
(that is, Special Function registers CSR and 
P6) for use as a bus interface. This prevents 
the interface from disrupting data on the bus 
of a host processor during power-up. 


Standard 
Quasi-bidirectional 
1/0 Port 
To use port 6 as a common I/O port, all of the 
control pins should be tied to ground. On 
hardware reset, bits 2-7 of the CSR are set to 
one. With the control pins grounded, the 
port's operation and electrical characteristics 
will be identical to port 1 on the 80C51. No 
further software initialization is required. 


Parallel Printer Port 
The 8XC451 has the capacity to permit all of 
the intelligent features of a common printer to 
be handled by a single chip. The features of 
port 6 allow a parallel port to be designed 
with only line driving and receiving chips 
required as additional hardware. The onboard 
UART allows RS232 interfacing with only 
level shifting chips added. The 8-bit parallel 
ports 0 to 6 are ample to drive onboard 
control functions, even when ports are used 
for external memory access, interrupts, and 
other functions. The RAM addressing ability 
of ports 0 to 2 can be used to address up to 
64k bytes of a hardware buffer/spooler. 


In addition, either end of a parallel interface 
can be implemented using port 6, and the 
interfaces can be interrupt driven or polled in 
either case. For more detailed information on 
port 6 usage, refer to the application notes 
entitled "80C451 Operation of Port 6" and 
"256k Centronics Printer Buffer Using the 
SC87C451 Microcontroller." 


CONTROL 
STATUS REGISTER 


The control status register (CSR) establishes 
the mode of operation for port 6 and indicates 
the current status of port 6 1/0 registers. All 
control status register bits can be read and 
written by the CPU, except bits 0 and 1, 
which are read only. Reset writes ones to bits 
2 through 7, and writes zeros to bits 0 and 1 
(see Table 3). 


CSR.O Input Buffer Full Flag (IBF) (Read 
Only) - The IBF bit is set to a logic 1 when 
port 6 data is loaded into the input buffer 
under control of 1lJS.This can occur on the 
negative or positive edge of 1lJS, as 
determined by CSR.2 IBF is cleared when 
the CPU reads the input buffer register. 


CSR.1 Output Buffer Full Flag (OBF) 
(Read Only) - The OBF flag is set to a logic 
1 when the CPU writes to the port 6 output 
data buffer. OBF is cleared by the positive or 
negative edge of om;, as determined by 
CSR.3. 


CSR.2 IDS Mode Select (IOSM) - When 
CSR.2 = 0, a low-to-high transition on the 
IlJS pin sets the IBF flag. The Port 6 input 
buffer is loaded on the IlJS positive edge. 


When CSR.2 = 1, a high-to-Iow transition on 
the IlJS pin sets the IBF flag. Port 6 input 
buffer is transparent when IlJS is low, and 
latched when IlJS Is high. 


CSR.3 Output Buffer Full Flag Clear Mode 
(OBFC) - When CSR.3 = 1, the positive 
edge of the om; input clears the OBF flag. 
When CSR.3 = 0, the negative edge of the 
om; input clears the OBF flag. 


CSR.4, CSR.5 AFLAG Mode Select (MAD, 
MA 1) - Bits 4 and 5 select the mode of 
operation for the AFLAG pin as follows: 


MAl 
MAO 
AFLAG Function 


o 
0 
Logic 0 output 
o 
1 
Logic 1 output 


1 
0 
OBF flag output (CSR.l) 


1 
1 
Select (SEL) input mode 


The select (SEL) input mode is used to 
determine whether the port 6 data register or 
the control status register is output on port 6. 
When the select feature is enabled, the 
AFLAG input controls the source of port 6 
output data. A logic 0 on AFLAG input selects 
the port 6 data register, and a logic 1 on 
AFLAG input selects the control status 
register. 


CSR.6, CSR.7 BFLAG Mode Select (MBO, 
MB1) - Bits 6 and 7 selectthe 
mode 
operation as follows: 


MBl 
MBO 
BFLAG Function 
o 
0 
Logic 0 output 
o 
1 
Logic 1 output 
1 
0 
IBF flag output (CSR.O) 


1 
1 
Port enable (J5E) 


In the port enable mode, IlJS and om; inputs 
are disabled when BFLAG input is high. 
When the BFLAG input is low, the port is 
enabled for 1/0. 


SPECIAL 
FUNCTION 
REGISTER 


ADDRESSES 
The SFRs are identical to those of the 
standard 80CSl with the exception of four 
registers that have been added to allow 
control of the three additional 1/0 ports P4, 
PS, and P6. The additional registers are P4, 
PS, P6, and CSR. Registers P4, PS, and P6 
function as port latches for ports 4, 5, and 6, 
respectively. These registers operate 
identically to those for ports 0 through 3 of 
the 80CS1. 


REGISTER ADDRESS 
BIT ADDRESS 


NAME 
SYMBOL 
ADDRESS 
MSB 
LSB 


Port 4 
P4 
CO 
C7 
C6 
CS 
C4 
C3 
C2 
Cl 
CO 
PortS 
PS 
C8 
CF 
CE 
CD 
CC 
CB 
CA 
C9 
C8 
Port 6 data 
P6 
D8 
DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 
Port 6 control status 
CSR 
E8 
EF 
EE 
ED 
EC 
EB 
EA 
E9 
E8 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT NAMES AND ADDRESSES 
RESET 


ADDRESS 
MSB 
LSB 
VALUE 


ACC" 
Accumulator 
EOH 
E7 
E6 
ES 
E4 
E3 
E2 
E1 
EO 
OOH 


B" 
B register 
FOH 
F7 
F6 
FS 
F4 
F3 
F2 
F1 
FO 
OOH 


EF 
EE 
ED 
EC 
EB 
EA 
E9 
E8 


CSW# 
Port 6 command/status 
E8H 
MB1 
I 
MBO 
I 
MA1 
I 
MAO 
1 OBFC 
IIDSM 
1 
OBF 
1 
IBF 
FCH 


DPTR 
Data pointer (2 bytes) 


DPH 
Data pointer high 
83H 
OOH 


DPL 
Data pointer low 
82H 
OOH 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP" 
Interrupt priority 
B8H 
- 
1 
- 
1 
- 
1 
PS I 
PT1 
1 
PX1 
I 
PTO I PXO 
xxxOOOOOB 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE" 
Interrupt enable 
ASH 
EA 
1 
- 
1 
- 
1 
ES 
I' ET1 
I 
EX1 
1 
ETO 
1 
EXO 
OxxOOOOOB 


PO" 
PortO 
80H 
87 
B6 
8S 
84 
83 
82 
81 
80 
FFH 


P1" 
Port 1 
90H 
97 
96 
9S 
94 
93 
92 
91 
90 
FFH 


P2" 
Port 2 
AOH 
A7 
A6 
AS 
A4 
A3 
A2 
A1 
AO 
FFH 


P3" 
Port 3 
BOH 
B7 
B6 
BS 
B4 
B3 
B2 
B1 
BO 
FFH 


P4"# 
Port 4 
COH 
C7 
C6 
CS 
C4 
C3 
C2 
C1 
CO 
FFH 


PS"# 
PortS 
C8H 
CF 
CE 
CD 
CC 
CB 
CA 
C9 
C8 
FFH 


P6"# 
Port 6 
D8H 
DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 
FFH 


PCON 
Power control 
87H 
SMOD 
1 
- 
1 
- 
1 
- 
I GF1 
1 
GFO 
I 
PD 
1 
IDL 
OxxxOOOOB 


D7 
D6 
DS 
D4 
D3 
D2 
D1 
DO 


PSW" 
Program status word 
DOH 
CY 
I 
AC 
I 
FO I RS1 
1 
RSO 
1 
OV 
1 
- 
1 
P 
OOH 


SBUF 
Serial data buffer 
99H 
xxxxxxxxB 


9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


SCON" 
Serial port control 
98H 
SMO 
1 
SM1 
1 SM2 
1 
REN 
1 
TB8 
1 
RB8 
I 
TI 
I 
RI 
OOH 


SP 
Stack pointer 
81H 
07H 


8F 
8E 
8D 
8C 
8B 
8A 
89 
88 


TCON" 
Timer/counter control 
88H 
TF1 
1 
TR1 
1 
TFO 
1 
TAO 
I 
IE1 
1 
IT1 I 
IEO 
I 
ITO 
OOH 


TMOD 
Timer/counter mode 
89H 
GATE 
1 crr 
1 
M1 
1 
MO 
I GATE 
1 crr 
I 
M1 
1 
MO 
OOH 


THO 
Timer 0 high byte 
8CH 
OOH 


TH1 
Timer 1 high byte 
8DH 
OOH 


TLO 
Timer 0 low byte 
8AH 
OOH 


TL1 
Timer 1 low byte 
8BH 
OOH 


Bit7 
I 
Bit6 
BitS 
I 
Bit4 
Bit3 
Bit2 
Bitl 
BitO 


MBl 
I 
MBO 
MAl 
I 
MAO 
OBFC 
IDsM 
OBF 
IBF 


BFLAG Mode Select 
AFLAG Mode Select 
Output Buffer 
Input Data 
Output Buffer 
Input Buffer 


Flag Clear 
Strobe Mode 
Flag Full 
Flag Full 
Mode 


0/0 = Logic 0 output' 
0/0 = Logic 0 output' 
0= Negative 
0= Positive 
0= Output 
o = Input data 
011 = Logic 1 output' 
011 = Logic 1 output' 
edge ofQ[JS 
edge olm 
data buffer 
buffer empty 
1/0 = IBF output 
1/0 = OBF output 
1 = Positive 
1 = Low level 
empty 
1 = Input data 


1/1 = PE input 
1/1 = SEL input 
edge 0 Q[JS 
ofm 
1 = Output 
buffer full 
(0 = Select) 
(0 = Select) 
data buffer full 


(1 = Disable I/O) 
(1 = Control/status) 


PARAMETER 
. 
RATING 
UNIT 


Operating temperature under bias 
I 
o to +70 
°C 


, 
-40 to +85 


Storage temperature range 
-65 to +150 
°C 


Voltage on any other pin to Vss 
-0.5 to +6.5 
V 


Power dissipation (based on package heat transfer limitations, not device power consumption) 
1.5 
W 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 


2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 
3. 
Parameters are valid over operating temperature range uniess otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


DC ELECTRICAL 
CHARACTERISTICS1 


Tamb= O°Cto +70°C or -40°C to +85°C, VCC= 5V ±10%, Vss = OV (87C451 , 83C451 , 80C451) 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYPICAL1 
MAX 
UNIT 


VIL 
Input low voltage; except EA 
, 
-0.5 
0.2Vce-D·1 
V 


VIL1 
Input low voltage to EA 
0 
0.2Vce-D·3 
V 


V1H 
Input high voltage; except XTAL1, RST 
0.2Vcc+0.9 
Vcc+0.5 
V 


VIH1 
Input high voltage; XTAL1, RST 
0.7Vcc. 
Vcc+0.5 
V 


VOL 
Output low voltage; ports 1, 2; 3, 4, 5, 6 
IOL= 1.6mA2 
0.45 
V 


VOL1 
Output low voltage; port 0, ALE, I"SB'I 
IOL= 3.2mA2 
0.45 
V 


VOH 
Output high voltage; ports 1, 2, 3, 4, 5, 6 
.. 
IOH=-60IlA, 
2.4 
V 


IOH=-25IlA 
0.75Vcc 
V 


IOH= -1OIlA 
0.9Vcc 
V 


VOH1 
Output high voltage (port 0 in external bus mode, ALE, 
IOH= -8001lA. 
2.4 
V 
1"SB'I)3 
IOH=-300IlA 
0.75Vcc 
V 


IOH=-8OIlA 
0.9Vcc 
V 


IlL 
Logical 0 input current,; ports 1. 2, 3, 4, 5, 6 
VIN = 0.45V 
-50 
IlA 


ITL 
Logical 1-10-0transition current; ports 1. 2. 3, 4, 5, 6 
See note 4 
-650 
IlA 


III 
Input leakage current; port 0 
VIN = VIL or VIH 
±10 
IlA 


Icc 
Power supply current: 
See note 6 


Active mode @ 12MHzS 
11.5 
25 
mA 
Idle mode @ 12MHzs 
1.3 
4 
mA 
Power down mode 
3 
50 
IlA 


RRST 
Internal reset pull-down resistor 
50 
300 
kn 


CIO 
Pin capacitance7 
10 
pF 


NOTES: 
1. Typical ratings are based on a limited number of samples taken from early manufacturing lots and are not guaranteed. The values listed are 


at room temperature, 5V. 
' 


2. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VoLs of ALE and ports 1 and 3. The noise is due 


to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive ioading > 1OOpF).the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 


3. Capacitive loading on ports 0 and 2 may cause the VOHon ALE and I"SB'I to momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 


4. 
Pins of ports 1,2 and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when V1Nis approximately 2V. 


5. 
ICCMAXat other frequencies is given by: 
Active mode: ICCMAX= 0.94 X FREQ + 13.71 
Idle mode: ICCMAX= 0.14 X FREQ +2.31 


where FREQ is the external oscillator frequency in MHz. ICCMAXis given in mA. See Figure 13. 
6. 
See Figures 14 through 17 for Icc test conditions. 
. 


7. 
CIOapplies to ports 1 through 6, AFLAG. BFLAG. XTAL1, XTAL2. 


AC ELECTRICAL 
CHARACTERISTICS1 


Tamb; O°Cto +70°C or -40°C to +85°C, VCC; 
5V ±10%, Vss; 
OV (87C451, 83C451, 80C451)2 


12MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1ltCLCL 
Oscillator frequency: 
Speed Versions 
SC8XC451 
C 
3.5 
12 
MHz 
SC8XC451 
_. 
G 
3.5 
16 
MHz 


tLHLL 
2 
ALE pulse width 
127 
2tCLCL-40 
ns 


tAVLL 
2 
Address valid to ALE low 
- 
28 
tCLCL-55 
ns 


tLLAX 
2 
Address hold after ALE low 
48 
IcLCL-35 
ns 


tLLlv 
2 
ALE low to valid instruction in 
234 
4lcLCL-100 
ns 


tLLPL 
2 
ALE low to l'SEJIllow 
43 
IcLCL-40 
ns 


tpLPH 
2 
l'SEJIl pulse width 
205 
3tCLCL-45 
ns 


tPLIV 
2 
l'SEJIllow 
to valid instruction in 
145 
3lcLCL-105 
ns 


tPXIX 
2 
Input instruction hold after l'SEJIl 
0 
0 
ns 


tpXIZ 
2 
Input instruction float after l'SEJIl 
59 
IcLCL-25 
ns 


tAVIV 
2 
Address to valid instruction in 
312 
5tCLCL-105 
ns 


tPLAZ 
2 
l'SEJIllow 
to address float 
10 
10 
ns 


Data Memory 


tRLRH 
3,4 
flU pulse width 
400 
6lcLCL-100 
ns 


tWLWH 
3,4 
WR pulse width 
400 
6lcLCL-100 
ns 


tRLDV 
3,4 
'AU low to valid data in 
252 
5lcLCL-165 
ns 


tRHDX 
3,4 
Data hold after 'AU 
0 
0 
ns 


IRHDZ 
3,4 
Data float after 'AU 
97 
2tCLCL-70 
ns 


tLLDV 
3,4 
ALE low to valid data in 
517 
8lcLCL-150 
ns 


tAVDV 
3,4 
Address 10valid data in 
585 
9tCLCL-165 
ns 


tLLWL 
3,4 
ALE low to 'AU or WR low 
200 
300 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
3,4 
Address valid to WR low or I1IT low 
203 
4tCLCL-130 
ns 


tevwx 
3,4 
Data valid 10WR transition 
23 
tCLCL-60 
ns 


tWHQX 
3,4 
Data hold after WR 
33 
IcLCL-50 
ns 


tRLAZ 
3,4 
'AU low to address float 
0 
0 
ns 


tWHLH 
3,4 
'AU or WR high to ALE high 
43 
123 
IcLCL-40 
IcLCL+40 
ns 


Shift Register 


tXLXL 
5 
Serial port clock cy,cletime 
1.0 
12tCLCL 
J.ls 


teVXH 
5 
Output data setup to clock rising edge 
700 
1OlcLCL-133 
ns 


tXHQX 
5 
Output data hold after clock rising edge 
50 
2lcLCL-117 
ns 


tXHDX 
5 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
5 
Clock rising edge to input data valid 
700 
1OtCLCL-133 
ns 


AC ELECTRICAL 
CHARACTERISTICS1 


Tamb; O°Cto +70°C or -40°C to +85°C, Vcc; 
5V ±10%, Vss; 
OV (87C451, 83C451, 80C451)2 


12MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


Port 6 input (input rise and fall times; 
5ns) 


tFLFH 
8 
P"E width 
270 
3tCLCL+20 
ns 


tlLlH 
8 
!OS"width 
270 
3tCLCL+20 
ns 


tDVIH 
8 
Data setup to !OS"high or P"E high 
0 
0 
ns 


tlHDX 
8 
Data hold after !OS"high or J5E" high 
30 
30 
ns 


tlVFV 
9 
!OS"to BFLAG (IBF) delay 
130 
130 
ns 


Port 6 output 


IoLoH 
6 
ODS width 
270 
3tCLCL+20 
ns 


tFVDv 
7 
SEL to data out delay 
85 
85 
ns 


IoLDv 
6 
ODS to data out delay 
80 
80 
ns 


IoHDz 
6 
ODS to data float delay 
35 
35 
ns 


IovFV 
6 
ODS to AFLAG (OBF) delay 
100 
100 
ns 


tFLDV 
6 
J5E" to data out delay 
120 
120 
ns 


IoHFH 
7 
ODS to AFLAG (SEL) delay 
100 
100 
ns 


External Clock 
'. 


tCHCX 
10 
High time 
20 
20 
ns 


tCLCX 
10 
Low time 
20 
20 
ns 


tCLCH 
10 
Rise time 
20 
20 
ns 


tCHCL 
10 
Fail time 
20 
20 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and l'St:IIl ; 100pF, load capacitance for ail other outputs; 
80pF. 


Each timing symbol has five characters. The 
first character is always 't' (; time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are: 
A - 
Address 
C - 
Clock 
D - 
Input data 
H - 
Logic level high 
I 
- 
Instruction (program memory contents) 
L - 
Logic level low, or ALE 


P - 
I'SEl'I 
Q - 
Output data 
R - 
"R[) signal 


t 
- 
Time 
V - 
Valid 


w- 
WRsignal 
X - 
No longer a valid logic level 
Z - 
Float 
Examples: 
tAvLL; Time for address valid 
to ALE low. 
tLLPL; Time for ALE low to 


I'SEl'Ilow. 


r- tXLXL-1· 


1 
-I rtXHQX 
I 
taVXH r------I 


INPUT 
DATA 
'--------t' 


CLEAA 
AI 


IBF(BF: __ 8 
~p--- 


VCC-o·5 


O.45V 


VCC-0 


5=X 
>C 


02VCC..o9 


o 45V 
._O_2_V-,C",C:..-o_, 
---" 


TIMING 


REFERENCE 


POINTS 


NOTE, 


AC inputs 
during 
testing 
are driven 
at VCC 
-0.5 
lor a logic '1' and O.45V for a logic '0', 


TIming 
measurements 
are made at V1H min for a logic '1' and VIL for a logic '0', 


NOTE, 
For timing 
purposes, 
a port is no longer 
floating 
when a 100mV 
change 
from load 


voltage 
occurs, 
and begins 
10 floal when 
a 100mV 
change 
from the loaded VoK' 


VOL 
level 
occurs. 
loHfloL 2: ±...20mA. 


Figure 14. 
Icc Test Condition, Active Mode 
All other pins are disconnected 


RST 


PO 


Ell 


(NC) 
XTAL2 


VCC 


CLOCK 
SIGNAL 
XTAL1 


VSS 
IDS= 


Figure 15. 
Icc Test Condition, Idle Mode 


All other pins are disconnected 


VCC-<>·5 
- 
- 
- 
- 
o.7Vcc 
0.45V 
O.2VCC-<>.1 


tCHCL- 


Figure 16. Clock Signal Waveform for Icc Tests in Active and Idle Modes 


tCLCH = tCHCL = 5ns 


RST 


PO 


Ell 


(NC) 
XTAl2 
vcc 


XTALl 


vss 
IDS= 


Figure 17. 
Icc Test Condition, Power Down Mode 
All other pins are disconnected. VCC = 2V to 5.5V 


EPROM CHARACTERISTICS 
The 87C451 is programmed by using a 
modified Quick-Pulse Programming"" 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEII'RlJG 
pulses. 


The 87C451 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C451 manufactured by Philips 
Semiconductors. 


Table 4 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the lock bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 18 and 19. Figure 20 shows 
the circuit configuration for normal program 
memory verification. 


Quick-Pulse 
Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 18. Note that 
the 87C451 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 


The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 18. The code byte to be 
programmed into that location is applied to 
port O. RST, J5SI:f\l and pins of ports 2 and 3 
specified in Table 4 are held at the 'Program 
Code Data' levels indicated in Table 4. The 
ALEII'RlJG 
is pulsed low 25 times as shown 


in Figure 19. 


To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 1FH, using the 'Pgm 
Encryption Table' levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 


To program the lock bits, repeat the 25 pulse 
programming sequence using the 'Pgm Lock 
Bit' levels. After one lock bit is programmed, 
further programming of the code memory and 
encryption table is disabled. However, the 
other lock bit can still be programmed. 


Note that the r=ANpp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 


Program Verification 
If lock bit 2 has not been programmed, the 
on-chip program memory can be read out for 
program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 20. The other pins are held at the 
'Verify Code Data' levels indicated in Table 4. 
The contents of the address location will be 
emitted on port O. External pull-ups are 
required on port 0 for this operation. 


If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 


The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 
(030H) = 15H indicates manufactured by 


Philips 
(031H) = 90H indicates 87C451 


ProgramNerify 
Algorithms 
Any algorithm in agreement with the 
conditions listed in Table 4, and which 
satisfies the timing specifications, is suitable. 


Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 
1 week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary 
effects, 
it 
is recommended 
that an opaque label be 
placed over the window. 
For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-sec/cm2. Exposing the EPROM to an 
ultraviolet lamp of 12,0001'W/cm2 rating for 
20 to 39 minutes, at a distance of about 
1 inch, should be sufficient. 


Erasure leaves the array in an all 1s state. 


MODE 
RST 
J5SER 
ALEIPROG 
~pp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program code data 
1 
0 
O· 
Vpp 
1 
0 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 


pgm encryption table 
1 
0 
O· 
Vpp 
1 
0 
1 
0 


pgm lock bit 1 
1 
0 
O· 
Vpp 
1 
1 
1 
1 


Pgm lock bit 2 
1 
0 
O· 
Vpp 
1 
1 
0 
0 


NOTES. 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 
2. Vpp = 12.75V ±0.25V. 
3. 
Vcc = 5V ±10% during programming and verification. 


• 
ALEII'RlJG 
receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 1001'S(±10l's) and high for a 
minimum of 10l's. 


Vcc 


P1 
PO 


RST 
EJWPP 


P3.6 
ALEJPFltlG 


P3.7 
87C451 
!'SEll 


XTAl2 
P2.7 


P2.6 


XTAL1 
P2.(}"P2.4 


VSS 


1 1-------------- 
25 PULSES 


I 


:- 
10pSMIN-1 
1------loo~s±1o-----·1 


ol 
~n 
~~ 


Vcc 


Ao-A7 
P1 
PO 
PGMDATA 


RST 
EJWPP 


P3.6 
ALEJPFltlG 


P3.7 
87C451 
!'SEll 


XTAL2 
P2.7 
o EI'l7(B[E 


P2.6 


XTAL1 
P2.o-P2.4 
A8-A12 


VSS 


-=- 


Figure 20. 
Program Verification 


EPROM PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb = 21°C 
to +27"C, 
VCC = 5V±10%, 
VSS = OV (See 
Figure 
21) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply 
current 
50 
mA 


1/tCLCL 
Oscillator 
frequency 
4 
6 
MHz 


tAVGL 
Address 
setup 
to ~ 
low 
48tCLCL 


laHAX 
Address 
hold after 
~ 
48teLCL 


tOVGL 
Data 
setup 
to ~ 
low 
48teLCL 


laHOX 
Data 
hold 
after 
~ 
48teLCL 


tEHSH 
P2.7 (EJilASCE) high 
to Vpp 
48teLCL 


tSHGL 
Vpp 
setup 
to ~ 
low 
10 
~s 


tGHSL 
Vpp 
hold 
after 
~ 
10 
~s 


laLGH 
~width 
90 
110 
~s 


tAVQV 
Address 
to data 
valid 
. 
48teLCL 


tELQZ 
EJilAS[E 
low to data 
valid 
48teLCL 


tEHQZ 
Data 
float 
after EJilAS[E 
0 
48teLCL 


laHGL 
PROO high 
to PROO low 
10 
~s 


DESCRIPTION 
The 83C504 and 87C504 (hereafter referred 
to as 8XC504) Single-Chip 8-Bit 
Microcontroller is manufactured in an 
advanced CMOS process and is a derivative 
of the 80C51 microcontroller family. The 
8XC504 has the same instruction set as the 
80C51. 


This device provides architectural 
enhancements that make it applicable in a 
variety of applications for general control 
systems. The 8XC504 contains 16k x 8 
EPROM memory, the 83C504 contains 
16k x 8 ROM memory, a volatile 256 x 8 
read/write data memory, four 8-bit I/O ports, 
two 16-bit timer/event counters, a 
multi-source, two-priority-Ievel, nested 
interrupt structure, a 24-by-8 bit unsigned 
divide, an enhanced UART and on-chip 
oscillator and timing circuits. For systems that 
require extra capability, the 8XC504 can be 
expanded using standard TTL compatible 
memories and logic. 


• 80C51 central processing unit 


• 16k x 8 EPROM expandable externally to 


64k bytes 
- 
Quick Pulse programming algorithm 
- Two level program security system 


• 256 x 8 RAM, expandable externally to 


64k bytes 


• Two 16-bit timer/counters 


• Four 8-bit I/O ports 


• Full-duplex enhanced UART 


- 
Framing error detection 
- 
Automatic address recognition 


• Power control modes 


- 
Idle mode 


- 
Power-down mode 


• Once (On Circuit Emulation) Mode 


• Five package styles 


• OTP package available 


• 24-by-8 bit divide 
- 
Requires 8 machine cycles 


- 24-bit quotient and 8-bit remainder 


P2.21A10 


P2.1/A9 


ROM 
EPROMl 
TEMPERATURE RANGE ·C AND PACKAGE 
FREQ. 
DRAWING 


(MHz) 
NUMBER 


P83C504GBP N 
P87C504GBP N 
OTP 
o to +70, 40-Pin Plastic Dual In-line Package 
3.5 to 20 
0415C 


P87C504GBF FA 
UV 
o to +70, 40-Pin Ceramic Dual In-line Package wMiindow 
3.5 to 20 
0590B 


P83C504GBA A 
P87C504GBA A 
OTP 
o to +70, 44-Pin Plastic Leaded Chip Carrier 
3.5 to 20 
0403G 


P87C504GBK KA 
UV 
o to +70, 44-Pin Ceramic Leaded Chip Carrier wMiindow 
3.5 to 20 
1472A 


P83C504GBB BB 
P87C504GBB BB 
OTP 
o to +70, 44-Pin Thin Quad Flat Pack 
3.5 to 20 
SOT389 


P83C5041BP N 
P87C5041BP N 
OTP 
o to +70, 40-Pin Plastic Dual In-line Package 
3.5 to 24 
0415C 


P87C5041BF FA 
UV 
o to +70, 40-Pin Ceramic Duai In-line Package wMiindow 
3.5 to 24 
0590B 


P83C5041BA A 
P87C5041BA A 
OTP 
o to +70, 44-Pin Plastic Leaded Chip Carrier 
3.5 to 24 
0403G 


P87C5041BK KA 
UV 
o to +70, 44-Pin Ceramic Leaded Chip Carrier wMiindow 
3.5 to 24 
1472A 


P83C5041BB BB 
P87C5041BB BB 
OTP 
o to +70, 44-Pin Thin Quad Fiat Pack 
3.5 to 24 
SOT389 


NOTE: 
1. OTP = One TIme Programmable EPROM. 
UV = Erasable EPROM. 


,------------- 
I 
I 


vccl 
I 
vsslJl 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


AL 


EJWpp 


RST 


CERAMIC 
AND PLASTIC 
LEADED 
CHIP CARRIER 
PIN FUNCTIONS 
PLASTIC 
QUAD FLAT PACK PIN FUNCTIONS 


40 
44 
34 


39 


33 


17 
29 
11 
23 


18 
28 
12 
22 


Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 
1 
NC 
23 
NC 
1 
Pl.5 
23 
P2.5/A13 


2 
Pt.Q 
24 
P2.0/AB 
2 
Pl.6 
24 
P2.61A14 
3 
Pl.1 
25 
P2.1/A9 
3 
Pl.? 
25 
P2.7/A15 
4 
Pl.2 
26 
P2.21Al0 
4 
AST 
26 
I'SEI'I 
5 
Pl.3 
27 
P2.31Al1 
5 
P3.OIRxD 
27 
ALEJI'mm 


6 
Pl.4 
28 
P2.4/A12 
6 
NC 
28 
NC 


7 
Pl.5 
29 
P2.51A13 
7 
P3.1/TxD 
29 
EiWpp 
8 
Pl.6 
30 
P2.61A14 
8 
P3.2I1JiITO 
30 
PO.7/AD7 
9 
Pl.? 
31 
P2.7/A15 
9 
P3.3ftFlTf 
31 
PO.61AD6 
10 
AST 
32 
I'SEI'I 
10 
P3.4ffO 
32 
PO.5IAD5 
11 
P3.OIRxD 
33 
ALEII'ROO 
11 
P3.5Irl 
33 
PO.4/AD4 
12 
NC 
34 
NC 
12 
P3.6IWR 
34 
PO.31AD3 


13 
P3,1ITxD 
35 
EiWpp 
13 
P3.7!1lll 
35 
PO.21AD2 
14 
P3.2I1JiITO 
36 
PO.l/AD7 
14 
XTAl2 
36 
PO.l/AD1 
15 
P3.3ftFlTf 
37 
PO.61AD6 
15 
XTAL1 
37 
PO.C/ADO 
16 
P3.4fTO 
38 
PO.5/AD5 
17 
P3.5fTl 
39 
PO.4/AD4 
16 
VSS 
38 
VCC 
18 
P3.6IWR 
40 
PO.31AD3 
17 
NC 
39 
NC 
19 
P3.7!1lll 
41 
PO.21AD2 
18 
P2.0/A8 
40 
P1.0 


20 
XTAl2 
42 
PO.l/AD1 
19 
P2.1/A9 
41 
Pl.1 


21 
XTAll 
43 
PO.OIADO 
20 
P2.21Al0 
42 
Pl.2 


22 
VSS 
44 
VCC 
21 
P2.31Al1 
43 
Pl.3 


22 
P2.41A12 
44 
Pl.4 


PIN NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


VSS 
20 
22 
16 
I 
Ground: 
OV reference. 


Vcc 
40 
44 
38 
I 
Power Supply: This is the power supply voltage for normal, idle, and power-down 
operation. 


PO.Q-O.7 
39-32 
43-36 
37-30 
I/O 
Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1s written to 
them float and can be used as high-impedance inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to external program and data memory. In 
this application, it uses strong internal pull-ups when emitting 1s. Port 0 also outputs the 
code bytes during program verification and receives code bytes during EPROM 
programming. External pull-ups are required during program verification. 


P1.Q-P1.7 
1-8 
2-9 
40-44, 
I/O 
Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups, except P1.6 and P1.7 
1-3 
which are open drain. Port 1 pins that have 1s written to them are pulled high by the internal 
pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: IILl. 
Port 1 also receives the low-order address byte during program memory verification. 


P2.Q-P2.7 
21-28 
24-31 
18-25 
I/O 
Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have 1s 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: IILl. Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to external data memory 
that use 16-bit addresses (MOVX @DPTR). In this application, it uses strong internal 
pull-ups when emitting 1s. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. Some 
Port 2 pins receive the high order address bits during EPROM programming and 
verification. 


P3.Q-P3.7 
1Q-17 
11, 
5, 
I/O 
Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1s 


13--19 
7-13 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 3 pins that are externally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: IILl. Port 3 also serves the special features of the 80C51 
family, as listed below: 


10 
11 
5 
I 
RxD (P3.0): Serial input port 
11 
13 
7 
0 
TxD (P3.1): Serial output port 
12 
14 
8 
I 
mTll (P3.2): External interrupt 


13 
15 
9 
I 
INT1 (P3.3): External interrupt 


14 
16 
10 
I 
TO (P3.4): Timer 0 external input 


15 
17 
11 
I 
T1 (P3.5): Timer 1 external input 
16 
18 
12 
0 
WR (P3.6): External data memory write strobe 
17 
19 
13 
0 
RO (P3.7): External data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Vcc. 


ALEIPROG 
30 
33 
27 
I/O 
Address 
Latch Enable/Program 
Pulse: Output pulse for latching the low byte of the 


address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is skipped during each access to external data memory. This pin is 
also the program pulse input (!'ROO) during EPROM programming. 


PSEN 
29 
32 
26 
0 
Program Store Enable: The read strobe to externa~s~~am 
memory. When the 8XC504 is 


executing code from the external program memory, 
is activated twice each machine 
cycle, except that two PSEN activations are skipped during each access to external data 
memory. PSEN is not activated during fetches from internal program memory. 


~pp 
31 
35 
29 
I 
External Access Enable/Programming 
Supply Voltage: EA must be externally held low 


to enable the device to fetch code from external program memory locations OOOOHand 
3FFFH. If EA is held high, the device executes from internal program memory unless the 
program counter contains an address greater than 3FFFH. This pin also receives the 
12.75V programming supply voltage (Vpp) during EPROM programming. If security bit 1 is 
programmed, EA will be internally latched on Reset. 


XTAL1 
19 
21 
15 
I 
Crystal 1: Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


NOTE: 
To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher than Vcc + 0.5V or Vss - 0.5V, respectively. 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 
RESET 
ADDRESS MSB 
LSB 
VALUE 


ACC" 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


AUXR# 
Auxiliary 
8EH 
- 
I 
- 
I 
- 
I 
- 
I 
- 
.1 
- 
I 
- 
I 
AO 
xxxxxxxOB 


B" 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data Pointer (2 bytes) 
DPH 
Data Pointer High 
83H 
OOH 
DPL 
Data Pointer Low 
82H 
OOH 


FF 
FE 
FD 
FC 
FB 
FA 
F9 
F8 


DCON 
Divide Control 
FBH 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I AUTOOI OSTRT I DCTRL 
OOH 


DVNDO 
Dividend LSB 
91H 
OOH 
DVND1 
Dividend Middle Byte 
92H 
OOH 
DVND2 
Dividend MSB 
93H 
OOH 
I 


DVSR 
Divisor 
95H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE" 
Interrupt Enable 
A8H 
EA 
I 
EC 
I 
ET2 I 
ES 
I 
ET1 
I 
EX1 I 
ETO I 
EXO 
OOH 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP" 
Interrupt Priority 
B8H 
- 
I 
PPC I 
PT2 
I 
PS 
I 
PT1 
I 
PX1 I 
PTO I 
PXO 
xOOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO" 
PortO 
80H 
AD7 I 
AD6 
I 
AD5 I AD4 
I 
AD3 
I AD2 I AD1 I 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1" 
Port 1 
90H 
CEX4 I CEX3 I CEX2 I CEX1 I CEXO I 
EXI 
I T2EX I 
T2 
FFH 
i 


A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 


P2" 
Port 2 
AOH 
AD15 I AD14 I AD13 I AD12 I AD11 I AD10 I AD9 I 
AD8 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


P3" 
Port 3 
BOH 
AU 
I 
WR 
I 
T1 
I 
TO 
InmlTlmiI 
TxD 
I 
RxD 
FFH 


PCON 
Power Control 
87H 
SMOOt I SMODO I 
- 
I POF' I 
GF1 
I 
GFO I 
PD 
I 
IDL 
OOxxxxOOB 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


PSW" 
Program Status Word 
DOH 
CY 
I 
AC 
I 
FO 
I 
RS1 I 
RSO I 
OV 
I 
- 
I 
P 
OOH 


RMDR 
Remainder 
94H 
OOH 


SADDR# 
Slave Address 
A9H 
OOH 
SADEN# 
Slave Address Mask 
B9H 
OOH 


SBUF 
Serial Data Buffer 
99H 
xxxxxxxxB 


9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


SCON" 
Serial Control 
98H 
SMO I 
SM1 
I 
SM2 
I REN I 
TB8 
I 
RB8 I 
TI 
I 
RI 
OOH 


SP 
Stack Pointer 
81H 
07H 
8F 
8E 
8D 
8C 
8B 
8A 
89 
88 


TCON" 
Timer Control 
88H 
TF1 
I 
TR1 
I 
TFO I 
TRO I 
IE1 
I 
IT1 
I 
IEO I 
ITO 
OOH 


THO 
Timer High 0 
8CH 
OOH 
TH1 
Timer High 1 
8DH 
OOH 
TLO 
Timer Low 0 
8AH 
OOH 
TL1 
Timer Low 1 
8BH 
OOH 


TMOD 
Timer Mode 
89H 
GATE I 
CfT 
I 
M1 
I 
MO 
I GATE I 
CfT 
I 
M1 
I 
MO 
OOH 


C7 
C6 
C5 
C4 
C3 
C2 
C1 
CO 
SFRs are bit addressable. 
# 
SFRs are modified from or added to the 80C51 SFRs. 
1. Reset value depends on reset source. 


ENHANCED 
UART 
The 8XC504 UART has all of the capabilities 
of the standard 80C51 UART plus Framing 
Error Detection and Automatic Address 
Recognition. As in the 80C51 , all four modes 
of operation are supported as well as the 9th 
bit in modes 2 and 3 that can be used to 
facilitate multiprocessor communication .. 


The Framing Error Detection allows the 
UART to look for missing stop bits. If a Stop 
bit is missing, the FE bit in the SCON SFR is 
set. The FE bit can be checked after each 
transmission to detect communication errors. 
The FE bit can only be cleared by software 
and is not affected by a valid stop bit. 


Automatic Address Recognition is used to 
reduce the CPU service time for the serial 
port. The CPU only needs to service the 
UART when it is addressed and, with this 
done by the on-chip circuitry, the need for 
software overhead is greatly reduced. This 
mode works similar to the 9th bit 
communication mode, except that uses only 
8 bits and the Stop bit is used to cause the RI 
bit to be set. There are two SFRs associated 
with this mode. They are SADDR, which 
holds the slave address and SADEN, which 
contains a mask that allows selective 
masking of the slave address so that 
broadcast addresses can be used. 


HARDWARE 
DIVIDE UNIT 


The 8XC504 contains a 24-by-8 bit hardware 
divide unit. The 24 bit dividend is stored in 
special function registers DVNDO (LSB)- 
DVND2 (MSB) and the divisor is in register 
DVSR. A division operation returns the 24-bit 
result in the dividend registers (DVNDO - 
DVND2) and an 8-bit remainder in register 
RMDR. 


The divide unit provides two modes of 
operation, auto-start and flag-controlled. 
Auto-start mode is enabled by selting the 
AUTOD (auto divide) bit in the DCON (divide 
control) register. If auto-start mode is 
enabled, writing to the divisor register 
(DVSR) will automatically start a division 
operation and will set the DCTRL (divide 
control) and DSTRT bits in the DCON 
register. DCTRL will automatically be cleared 
by the divide hardware when the division 
operation has been completed. 


Flag controlled operation is initiated by 
selling the DCTRL bit in the DCON register 
which will start the division operation and also 
set the DSTRT bit. The DCTRL bit will 
automatically be cleared by the divide 
hardware when the division operation has 


been completed. DSTRT can only be cleared 
by software. 


POWER OFF FLAG 
The Power Off Flag (POF) is set by on-chip 
circuitry when the Vcc level on the 8XC504 
rises from 0 to 5V. The POF bit can be set or 
cleared by software allowing a user to 
determine if the reset is the result of a 
power-on or a wanm start after powerdown. 
The Vcc level must remain above 3V for the 
POF to remain unaffected by the Vcc level. 


OSCILLATOR 
CHARACTERISTICS 
XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator. 


To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the 
external clock signal, because the input to 
the internal clock circuitry is through a 
divide-by-two flip-flop. However, minimum 
and maximum high and low times specified in 
the data sheet must be observed. 


Reset 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on Vcc and RST must 
come up at the same time for a proper 
start-up. 


Idle Mode 
In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


Power-Down 
Mode 
To save even more power, a Power Down 
mode can be invoked by software. In this 


mode, the oscillator is stopped and the 
instruction that invoked Power Down is the 
last instruction executed. The on-chip RAM 
and Special Function Registers retain their 
values until the Power Down mode is 
terminated. 


On the 8XC504 either a hardware reset or 
external interrupt can use an exit from Power 
Down. Reset redefines all the SFRs but does 
not change the on-chip RAM. An external 
interrupt allows both the SFRs and the 
on-chip RAM to retain their values. 


To property tenminate Power Down the reset 
or external interrupt should not be executed 
before Vcc is restored to its normal operating 
level and must be held active long enough for 
the oscillator to restart and stabilize (normally 
less than 10ms). 


With an external interrupt, INTOand INT1 
must be enabled and configured as 
level-sensitive. Holding the pin low restarts 
the oscillator but bringing the pin back high 
completes the exit. Once the interrupt is 
serviced, the next instruction to be executed 
after RETI will be the one following the 
instruction that put the device into Power 
Down. 


Design Consideration 
• When the idle mode is terminated by a 
hardware reset, the device normally 
resumes program execution, from where it 
left off, up to two machine cycles before the 
internal rest algorithm takes control. 
On-chip hardware inhibits access to 
internal RAM in this event, but access to 
the port pins is not inhibited. To eliminate 
the possibility of an unexpected write when 
Idle is terminated by reset, the instruction 
following the one that invokes Idle should 
not be one that writes to a port pin or to 
external memory. 


ONCETM Mode 
The ONCE ("On-Circuit Emulation") Mode 
facilitates testing and debugging of systems 
using the 8XC504 without the 8XC504 having 
to be removed from the circuit. The ONCE 
Mode is invoked by: 
1. Pull ALE low while the device is in reset 
and 1'"SEJil is high; 


2. 
Hold ALE low as RST is deactivated. 


While the device is in ONCE Mode, the Port 
o pins go into a float state, and the other port 
pins and ALE and 1'"SEJil are weakly pulled 
high. The oscillator circuit remains active. 
While the 8XC504 is in this mode, an 
emulator or test CPU can be used to drive 
the circuit. Nonmal operation is restored when 
a normal 
reset is applied. 


PROGRAM 


MODE 
MEMORY 
ALE 
PSEI'l 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
a 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


PARAMETER 
RATING 
UNIT 


Operating temperature under bias 
I 
o to +70 or -40 to +85 
·C 


Storage temperature range 
r 
-65 to +150 
·C 


Voltage on r!ANpp pin to VS5 
o to +13.0 
V 


Voltage on any other pin to V55 
-0.5 to +6.5 
V 


Maximum IOLper 1/0 pin 
15 
mA 


Power dissipation (based on package heat transfer limitations, not 
1.5 
W 
device power consumption) 


NOTES: 
1. Stresses above those listed under Absoiute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 
2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 
3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to V55 unless otherwise 
noted. 


Electrical 
Deviations 
from Commercial 
Specifications 
for Extended Temperature 
Range 


DC and AC parameters not included here are the same as in the commercial temperature range table. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= -40·C to +85·C, Vcc = 5V ±10%, V55 = OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


VIL 
Input low voltage, except 'E:A 
-0.5 
0.2VcC-O·15 
V 


VIL1 
Input low voltage to 'E:A 
~ 
0 
0.2VcC-O·35 
V 


VIH 
Input high voltage, except XTAL 1, RST 
, 
0.2Vcc+1 
Vcc+0.5 
V 


VIH1 
Input high voltage to XTAL1, RST 
. 
0.7Vcc+0.1 
Vcc+0.5 
V 


IlL 
Logical 0 input current, ports 1, 2, 3 
VIN = 0.45V 
-75 
itA 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 3 
VIN = 2.0V 
-750 
itA 


Icc 
Power supply current: 
Vcc = 4.5-5.5V, 
Active mode 
Frequency range = 
19 
mA 
Idle mode 
3.5 10 24MHz 
6 
mA 
Power-down mode 
50 
ItA 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°Cto +70°C or -40°C to +85°C, VCC= 5V ±10%, Vss = OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
Typ1 
MAX 
UNIT 


VIL 
Input low voltage, except EiV 
-0.5 
0.2Vce-D·1 
V 


VIL' 
Input low voltage to EiV 
• 
0 
0.2Vcc-o·3 
V 


VIH 
Input high voltage, except XTAL1, RST7 
0.2Vcc+0.9 
Vcc+0.5 
V 


VIH1 
Input high voltage, XTAL1, RST7 
0.7Vcc 
Vcc+0.5 
V 


VOL 
Output low voltage, ports 1,2,39 
IOL= 100llA 
0.3 
V 
IOL= 1.6mA2 
0.45 
V 
IOL= 3.5mA 
1.0 
V 


VOLl 
Output low voltage, port 0, ALE, l'SEfl9 
IOL= 200llA 
0.3 
V 


IOL= 3.2mA2 
0.45 
V 


IOL= 7.0mA 
1.0 
V 


VOH 
Output high voltage, ports 1, 2, 3, ALE, J5SElil3 
IOH= -6OIlA, 
Vcc-1.5 
V 


IOH= -301lA 
Vcc - 0.7 
V 


IOH= -1011A 
Vcc - 0.3 
V 


VOH1 
Output high voltage (port 0 in external bus mode), 
IOH= -7.0mA, 
Vcc-1.5 
V 
ALE10, J5SElil3 
IOH= --3.2mA 
Vcc - 0.7 
V 
IOH= -2001lA 
Vcc - 0.3 
V 


IlL 
Logical 0 input current, ports 1,2,37 
VIN = 0.45V 
-50 
IlA 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 37 
See note 4 
-650 
IlA 


III 
Input leakage current, port 0 
0.45 VIN < 
±10 
llA 
Vcc - 0.3 


Icc 
Power supply current7 
See note 6 
Active mode @ 24MHz5 
15 
25 
mA 


Idle mode @ 24MHz 
3 
5 
mA 
Power-down mode 
10 
75 
llA 


RRST 
Internal reset pull-down resistor 
50 
225 
kn 


CIO 
Pin capacitance' 1 (except EA) 
15 
pF 


NOTES: 
1. Typical ratings are not guaranteed. The values listed are at room temperature, 5V. 
2. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLs of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 


3. 
Capacitive loading on ports 0 and 2 may cause the VOHon ALE and J5SElil to momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 
4. 
Pins of ports 1, 2 and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 2V. 


5. 
ICCMAXat other frequencies is given by: Active mode: ICCMAX= 1.50 x FREQ + 8: Idle mode: ICCMAX= 0.14 x FREQ +2.31, 
where FREQ is the external oscillator frequency in MHz. ICCMAXis given in mA. See Figure 8. 
6. See Figures 9 through 12 for Icc test conditions. 
7. These values apply only to Tamb= O°Cto +70°C. For Tamb= -40°C to +85°C, see table on previous page. 
8. 
Load capacitance for port 0, ALE, and J5SElil = 100pF, load capacitance for all other outputs = 80pF. 


9. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 


Maximum tOLper port pin: 
15mA ("NOTE: This is 85°C specification.) 


Maximum IOLper 8-bit port: 
26mA 


Maximum total IOLfor all outputs: 
71mA 


If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 


10.ALE is tested to VOH1' except when ALE is off then VOHis the voltage specification. 
11. Pin capacitance is less than 25pF. Pin capacitance of ceramic package is less than 15pF (except EA is 25pF). 


AC ELECTRICAL 
CHARACTERISTICS 
Tamb= O°Cto +70°C or -40°C to +85°C, VCC= 5V ±10%, Vss = OV1,2,3 


24MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1/lcLCL 
1 
Oscillator frequency 
3.5 
24 
MHz 


tLHLL 
1 
ALE pulse width 
85 
2lcLCL-40 
ns 


tAvLL 
1 
Address valid to ALE low 
22 
lcLCL-40 
ns 


tLLAX 
1 
Address hold after ALE low 
32 
lcLCL-30 
ns 


tLLlv 
1 
ALE low to valid instruction in 
150 
4lcLCL-100 
ns 


tLLPL 
1 
ALE low to ~ 
low 
32 
lcLCL-30 
ns 


tPLPH 
1 
PSEIIl pulse width 
142 
3lcLCL-45 
ns 


tPLIV 
1 
PSEIIllow 
to valid instruction in 
82 
3lcLCL-105 
ns 


tPXIX 
1 
Input instruction hold after PSEIIl 
0 
0 
ns 


tPXIZ 
1 
Input instruction float after PSEIIl 
37 
tCLCL-25 
ns 


tAVIV 
1 
Address to valid instruction in 
207 
5lcLCL-105 
ns 


tpLAZ 
1 
~ 
low to address float 
10 
10 
ns 


Data Memory 


tRLRH 
2,3 
RO pulse width 
275 
6lcLCL-100 
ns 


tWLWH 
2,3 
IiVF! pulse width 
275 
6tCLCL-100 
ns 


tRLDV 
2,3 
RO low to valid data in 
.. 
147 
5lcLCL-165 
ns 


tRHDX 
2,3 
Data hold after RO 
- 
0 
0 
ns 


tRHDZ 
2,3 
Data float after RO 
65 
2lcLCL-60 
ns 


tLLDV 
2,3 
ALE low to valid data in 
350 
8lcLCL-150 
ns 


tAVDV 
2,3 
Address to valid data in 
397 
9lcLCL-165 
ns 


tLLWL 
2,3 
ALE low to RO or IiVF! low 
137 
237 
3tCLCL-50 
3tCLCL+50 
ns 


tAVWL 
2,3 
Address valid to IiVF! low or RO low 
175 
4tCLCL-75 
ns 


tevwx 
2,3 
Data valid to IiVF! transition 
42 
lcLCL-20 
ns 


tWHOX 
2,3 
Data hold after IiVF! 
42 
lcLCL-20 
ns 


teVWH 
3 
Data valid to IiVF! high 
, 
287 
7lcLCL-150 
ns 


tRLAZ 
2,3 
RO low to address float 
0 
0 
ns 


tWHLH 
2,3 
RO or IiVF! high to ALE high 
40 
87 
tCLCL-20 
lcLCL+25 
ns 


External Clock 


.0 


tCHCX 
5 
High time 
12 
20 
ns 


tCLCX 
5 
Low time 
12 
20 
ns 


tCLCH 
5 
Rise time 
20 
20 
ns 


tCHCL 
5 
Fall time 
20 
20 
ns 


Shift Register 


tXLXL 
4 
Serial port clock cycle time 
1 
12lcLCL 
lls 


teVXH 
4 
Output data setup to clock rising edge 
492 
1OlcLCL-133 
ns 


tXHOX 
4 
Output data hold after clock rising edge 
8 
2lcLCL-117 
ns 


tXHDX 
4 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
4 
Clock rising edge to input data valid 
492 
1OlcLCL-133 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and PSEIIl = 100pF, load capacitance for all other outputs = 80pF. 
3. 
Intertacing the 87C51 FB to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port 0 
drivers. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
P - i'SElII 
first character is always 'I' (= time). The other 
Q - Output data 
characters, depending on their positions, 
R - l'ID signal 


indicate the name of a signal or the logical 
t - Time 
status of that signal. The designations are: 
V - Valid 
A - Address 
W- 
WR signal 
C - Clock 
X - No longer a valid logic level 


D - 
Input data 
Z - 
Float 
H - Logic level high 
Examples: tAVLL= Time for address valid to 
I - 
Instruction (program memory contents) 
ALE low. 
L - Logic level low, or ALE 
tLLPL =Time for ALE low to 


i'SElIIlow. 


r- tXLXL-.j 


INPUT 
DATA 
~' 


CLEAR 
RI 


I_ tXHD¥1 ~II 
~ t- 
tXHDX 


VcC-O·5 
- 


O.45V 


VCC-0 


5=X 
>C 


o 2VCC+O 9 


o 45V 
,•••••0_2V-'C"'C-O'-_' 
--' 


TIMING 


REFERENCE 
POINTS 


NOTE: 


AC inputs during 
testing 
are driven 
at VCC 
-<l.5 for a logic '1' and O.45V for a logic '0', 


Timing 
measurements 
are made at VIH min for a logic '" 
and VIL for a logic '0'. 


NOTE, 
For liming 
purposes, 
a port is no longer 
floating 
when 
a l00mV 
change 
from load 


'o'ohage occurs, 
and begins 
to float when 
a lOOmV change 
from the loaded VOrY 


VOL 
level occurs. 
IOHflOL 
~ ± 2OmA. 


45 


40 


35 


30 


25 


IcemA 


20 


'5 


'0 


Figure 9. Icc Test Condition, 
Active Mode 
All other pins are disconnected 
Figure 10. Icc Test Condition, 
Idle Mode 


All other pins are disconnected 


vcc-o·s 
- - - - 


o.7Vcc 


O.45V 
o.2VCC-o.1 


Figure 11. Clock Signal Waveform 
for Icc Tests in Active and Idle Modes 
tCLCH= tCHCL= 5ns 


Figure 12. Icc Test Condition, 
Power Down Mode 
All other pins are disconnected. 
Vcc = 2V to 5.5V 


EPROM CHARACTERISTICS 
The 87C504 is programmed by using a 
modified Quick-Pulse Programming'· 
algorithm. lt differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEJI5"AOGpulses. 


The 87C504 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C504 manufactured by Philips. 


Table 3 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the security bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 13 and 14. Figure 15 shows 
the circuit configuration for normal program 
memory verification. 


Quick-Pulse 
Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 13. Note that 
the 87C504 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
intemal address and program data transfers. 


The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 13. The code byte to be 
programmed into that location is applied to 
port o. RST, l'SElII and pins of ports 2 and 3 
specified in Table 3 are held at the 'Program 
Code Data' levels indicated in Table 3. The 
ALEJI5"AOGis pulsed low 25 times as shown 
in Figure 14. 


To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 1FH, using the 'Pgm 
Encryption Table' levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 


To program the security bits, repeat the 25 
pulse programming sequence using the 'Pgm 
Security Bit' levels. After one security bit is 
programmed, further programming of the 
code memory and encryption table is 
disabled. However, the other security bit can 
still be programmed. 


Note that the 'CANpp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 


Program Verification 
If security bit 2 has not been programmed, 
the on-chip program memory can be read out 
for program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 15. The other pins are held at the 
'Verify Code Data' levels indicated in Table 3. 
The contents of the address location will be 
emitted on port o. External pull-ups are 
required on port 0 for this operation. 


If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 


The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 
(030H) = 
15H indicates manufactured by 
Philips 


(031H) = 
BBH indicates 87C504 


ProgramNerify 
Algorithms 
Any algorithm in agreement with the 
conditions listed in Table 3, and which 
satisfies the timing specifications, is suitable. 


Erasure 
Characteristics 


Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room levei 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary 
effects, 
it 
is recommended 
that an opaque label be 
placed over the window. 
For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-slcm2. Exposing the EPROM to an 
ultraviolet lamp of 12,0001lW/cm2 
rating for 


20 to 39 minutes, at a distance of about 
1 inch, should be sufficient. 


Erasure leaves the array in an all 1s state. 


MODE 
RST 
PSm 
ALEIPROG 
'CANpp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program code data 
1 
0 
O' 
Vpp 
1 
0 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 


Pgm encryption table 
1 
0 
O· 
Vpp 
1 
0 
1 
0 


Pgm security bit 1 
1 
0 
O· 
Vpp 
1 
1 
1 
1 


Pgm security bit 2 
1 
0 
O· 
Vpp 
1 
1 
0 
0 


NOTES. 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 
2. Vpp = 12.75V ±0.25V. 
3. 
Vcc = 5V±1 0% during programming and verification. 
ALEJI5"AOGreceives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 100llS (±10IlS) and high for a 
minimum of 1Oils. 


Vcc 


P1 
PO 


RST 
E7iNpp 


P3.6 
AL= 


P3.7 
87CS04 
l'"Srn 


XTAL2 
P2.7 


P2.6 


XTAL1 
P2.o--P2.5 


VSS 


c' 


lOllS MIN -1 1-·-----l001lS±10 ------1 


o 
1 
---'n~ 
~1L- 


Vcc 


P1 
PO 


RST 
E7iNpp 


P3.6 
AL= 


P3.7 
87CS04 
l'"Srn 


XTAL2 
P2.7 


P2.6 


XTAL1 
P2.o-P2.5 


VSS 


EPROM PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb; 
21°C 
to +27°C, 
VCC; 
5V±10%, 
VSS; 
OV (See 
Figure 
16) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply 
current 
50 
mA 


1/tCLCL 
Oscillator 
frequency 
4 
6 
MHz 


tAVGL 
Address 
setup 
to moo low 
48tCLCL 


IGHAX 
Address 
hold 
after moo 
48teLCL 


tOVGL 
Data 
setup 
to moo low 
I 
48teLCL 


IGHOX 
Data 
hold after moo 
48teLCL 


tEHSH 
P2.7 (EJiI7\BLE) 
high to Vpp 
48teLCL 


tSHGL 
Vpp setup 
to moo low 
10 
I1s 


tGHSL 
Vpp 
hold after moo 
. 
10 
I1S 


tGLGH 
moo width 
90 
110 
I1s 


tAVQV 
Address 
to data 
valid 
48teLCL 


tELQZ 
EJiI7\BLE 
low to data 
valid 
48teLCL 


tEHQZ 
Data 
float 
after EJiI7\BLE 
0 
48teLCL 


IGHGL 
moo high to moo low 
10 
I1s 


FEATURES 


• 80C51 CPU 


• 16 kbytes on-chip ROM, expandable 
ex1emally to 64 kbytes Program Memory 
address space 


.512 
bytes on-chip RAM, expandable 
ex1emally to 64 kbytes Data Memory 
address space 


• Four 8-bit I/O ports 


• Full-duplex UART compatible with the 
standard 80C51 and the 8052 


• Two standard 16-bit timer/counters 


• An additional 16-bit timer (functionally 
equivalent to the timer 2 of the 8052) 


• On-chip Watchdog Timer (WDT) with a 
separate on-chip oscillator 


• Bit-level 
12C-bus hardware serial I/O Port 


• 7-source and 7-vector interrupt structure 
with 2 prioirty levels 


• Up to 3 ex1ernal interrupt request inputs 


• Two programmable power reduction modes 
(Idle and Power-down) 


• Termination of Idle mode by any interrupt, 


ex1emal or WDT (watchdog) reset 


• Wake-up from Power-down by external 


interrupt, external or WDT reset 


• ROM code protection 


• XTAL frequency range: 1.2MHz to 16MHz 


• All packaging pin-outs fully compatible to 
the standard 8051/8052. 


GENERAL 
DESCRIPTION 
The P83C524 8-bit rnicrocontroller is 
manufactured in an advanced CM05 
process and is a derivative of the 80C51 
microcontroller family. The P83C524 is a 
stand-alone high-performance microcontroller 
designed for use in real time applications 


such as instrumentation, industrial control, 
medium to high-end consumer applications 
and specific automotive control applications. 


The P83C524 contains a non-volatile 16K x 8 
read-only program memory, a volatile 512 x 8 
read/write data memory, four 8-bit I/O ports, 
two 16-bit timer/event counters (identical to 
the timers of the 80C51 ), a 16-bit timer 
(identical to the timer 2 of the 8052), a 
multi-source, two-priority-ievel, nested 
interrupt structure, two serial interfaces 
(UART and bit-level i2C-bus), an on-Chip 
oscillator and timing circuits, a watchdog 
timer (WDT) with a separate on-Chip 
oscillator. For systems that require extra 
capability, the P83C524 can be expanded 
using standard TIL compatible memories 
and logic. 


The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The P83C524 has the same instruction set 
as the PCB80C51 which consists of over 100 
instructions: 49 one-byte, 46 two-byte and 16 
three-byte. With a 16MHz crystal, 58% of the 
instructions are executed in 750ns and 40% 
in 1.5~s. Multiply and divide instructions 
require 3~s. 


EXTENDED TYPE 
PACKAGE 
TEMPERATURE 
FREQUENCY 
NUMBER 
PINS I 
PIN POSITION 
MATERIAL 
CODE 
RANGE (OC) 
(MHz) 


ROM (Note 1) 


P83C524FBP 
40 
DIL 
plastic 
50T129 
o to +70 
1.2to 16 


P83C524FFP 
40 
DIL 
plastic 
50T129 
-40 to +85 
1.2 to 16 


P83C524FHP 
40 
DIL 
plastic 
50T129 
-40 to +125 
1.2 to 16 


P83C524FBA 
44 
PLCC 
plastic 
50T187 
o to +70 
1.2 to 16 


P83C524FFA 
44 
PLCC 
plastic 
50T187 
-40 to +85 
1.2 to 16 


P83C524FHA 
44 
PLCC 
plastic 
50T187 
-40 to +125 
1.2to 16 


COUNTERS 
,-L----, 


TO 
T1 


--l 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
_______ 
-.J 


,1Iml, ll'lTi, 


EXTERNAL 
INTERRUPTS 


PARALLEL 
PORTS, 


ADDRESS/DATA 
BUS 
AND 
1/0 PINS 


VDD 


PO.OIADO 


PO.l/ADl 


PO.21AD2 


PO.31AD3 


PO.4/AD4 


PO.5JAD5 


PO.61AD6 


PO.l/AD? 


t;I( 


ALE 


l'Srn 


P2.7/A1S 


P2.61A14 


P2.51A13 


P2.41A12 


P2.31Al1 


XTAL2 
P2.2/A1Q 


XTAll 
P2.1/A9 


P2.OIAB 


P1.61SCL 


Pl.7/SDA 


RST 


xw 


'" 
8 0 S 8 
~ '" '" ~ ~ 
g~ ~ ~ ~ 
0: 
0: 0: 
0: 0: 
0 > ~ 
ci 
Z 
0- 
0- 
0- 


6 
5 
4 
3 
2 
1 
4 
4 
4 
41 
4 


PO.4/AD4 


PO.5/AD5 


PO.61AD6 


PO.7/AD? 


t;I( 


PLASTIC 
NC 


LEADED 
CHIP 


CARRIER 
ALE 
l'Srn 


P2.7/A15 


P2.61A14 


P2.51A13 


2 
2 
2 
2 


Ie: 1° ~ ~ 
UJ 
0 ~ ~ 


0 
'" 
UJ 
Z 
~ ~ 
~ ~ ;0 
;0 > 
~ 
Ii' ~ x 
x 
~ ~ ~ ~ ~ 


NC 


P3.1rrXD/clock 


P3.2IINTIl 


P3.3IIm'T 


Figure 2. Pin Configuration: 
4D-lead OIL; (501129) 


Figure 3. Pin Configuration: 
44-lead PLCC; (50T187) 


PIN NO. 


MNEMONIC 
DIP 
PlCC 
TYPE 
NAME AND FUNCTION 


Pl.o-Pl.7 
1-8 
2-9 
I/O 
Port 1: 8-bit quasi-bidirectional I/O port. Port 1 can sink/source one TIL (4 LS TIL) 
input. It can 


(1 NC) 
drive CMOS inputs without extemal pull-ups, except Pl.6 and Pl. 7 which have open drain outputs. 
Port 1 alternative 
functions: 


1 
2 
I 
T2 (P1.0): Timer/event counter 2 external event counter inpu1 (falling edge triggered). 


2 
3 
I 
T2EX (P1.1): Timer/event counter 2 capture/reload trigger or extemal interrupt 2 inpu1 (falling edge 
triggered) 


7 
8 
I/O 
SCl (P1.6): 12Cserial port clock line. 


8 
9 
I/O 
SDA (P1.7): 12Cserial port data line. 


RST 
9 
10 
I/O 
Reset: A HIGH level on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal pull-down resistor permits power-on reset using only a capacitor connected to 
Voo. After a WDT overflow, this pin is pulled HIGH while the intemal reset signal is active. 


P3.o-P3.7 
10-17 
11, 
I/O 
Port 3: 8-bit quasi-bidirectional 
I/O port with intemal pull-Ups. Port 3 can sink/source one TIL (=4 
13--19 
LS TIL) input. It can drive CMOS inputs without external pull-ups. 
(12NC) 
Port 3 alternative 
functions: 


10 
11 
I 
RxD/clata (P3.0): Serial Port data input (asynchonous) or data input/output (synchronous). 


11 
13 
0 
TxD/clock 
(P3.1): Serial Port data output (asynchronous) or clock output (synchronous). ' 


12 
14 
I 
INTll (P3.2): Extemal interrupt 0 or gate control input for timer/event counter O. 


13 
15 
I 
TRTl (P3.3): Extemal interrupt 1 or gate control input for timer/event counter 1. 


14 
16 
I 
TO (P3.4): Extemal input for timer/event counter O. 
15 
17 
I 
T1 (P3.5): Extemal input for timer/event counter 1. 
16 
18 
0 
WR (P3.6): Extemal data memory write strobe. 


17 
19 
0 
RO (P3.7): Extemal data memory read strobe. 


XTAL2 
18 
20 
0 
Crystal input 2: Output of the inverting amplifier that forms the oscillator. This pin left open-circuit 
when an extemal oscillator clock is used. 


XTALl 
19 
21 
I 
Crystal 
Input 1: Input to the inverting amplifier that forms the oscillator, and input to the intemal 


clock generator. Receives the extemal oscillator clock signal when an extemal oscillator is used. 


Vss 
20 
22 
I 
Ground: 
Circuit ground potential. 


P2.o-P2.7 
21-28 
24--31 
I/O 
Port 2: 8-bit quasi-bidirectional 
I/O port with intemal pull-ups. During access to extemal memories 
(A8 to A15) 
(23NC) 
(RAM/ROM) that use 16-bit addresses (MOVX @DPTR) Port 2 emits the high-order address byte 
(A8 to A15). Port 2 can sink/source one TIL (=4 LS TIL) input. It can drive CMOS inputs without 
extemal pull-ups. 


l'SEN 
29 
32 
0 
Program 
Store Enable output: 
Read strobe to extemal program memory via Port 0 and Port 2. It 


is activated twice each machine cycle during fetches from extpselfrogram 
memory. When 


executing out of extemal program memory two activations of 
are skipped during each 


access to extemal data mepgl?riJl'SEN is not activated (remains HIGH) during fetches from 
extemal program memory. 
can sink source 8 LS TIL inputs. It can drive CMOS inputs 


without extemal pull-ups. 


ALE 
30 
33 
I/O 
Address 
Latch Enable output: 
Latches the LOW byte of the address during access to extemal 
memory in normal operation. It is activated every six oscillator periods except during an extemal 
data memory access. ALE can sink/source 8 LS TIL inputs. It can drive CMOS inputs without an 
extemal pull-up. 
-g; 
31 
35 
I 
Exlernal Access 
input: When during RESET, -g; is held at a TIL HIGH level, the CPU executes 
(34 NC) 
out of the internal program ROM, provided the program counter is less than 32768. When -g; is 
held at a TIL LOW level during RESET, the CPU executes out of extemal program memory via 
Port 0 and Port 2. -g; is not allowed to float. 


PO.O-O.7 
32-39 
36-43 
I/O 
Port 0: 8-bit open drain bidirectional I/O Port. It is also the multiplexed low-order address and data 
(ADOto 
bus during accesses to external memory (ADOto AD7). During these accesses intemal pull-ups are 
AD7) 
activated. Port 0 can sink/source 8 LS TIL inputs. 


Voo 
40 
44 
I 
Power Supply: 
+5V power supply pin during normal operation, Idle mode and Power-down mode. 


To avoid a "latch-up' effect at power-on, the voltage on any pin (at any time) must not be higher 
than Voo +0.5V or lower than Vss -o.5V respectively. 


NC 
- 
1,12, 
- 
No connection (PLCC only). 
23 34 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 
RESET 


ADDRESS 
MSB 
LSB 
VALUE 


ACC' 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


B' 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data pointer (2 bytes): 
OPH 
Data pointer high 
83H 
OOH 


OPL 
Data pointer low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE'# 
Interrupt enable 
A8H 
EA 
ES1 
ET2 
ESO 
ET1 
EX1 
ETO I 
EXO 
OOH 


BF 
BE 
BO 
BC 
BB 
BA 
B9 
B8 


IP'# 
Interrupt priority 
B8H 
- 
PS1 
PT2 
PSO 
PT1 
I 
PX1 
PTO 
I 
PXO 
xOOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 
'. 


PO' 
PortO 
80H 
A07 
A06 
A05 
A04 
A03 
A02 
A01 
I 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1' 
Port 1 
90H 
SOA 
SEL I 
- 
I 
- 
I 
- 
I 
- 
I T2EX 
I 
T2 
FFH 


A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 


P2' 
Port 2 
AOH 
A15 
A14 
A13 
A12 
A11 
A10 
A9 
I 
A8 
FFH 


B7 
B6 
B5 
B4 
BS 
B2 
B1 
BO 


PS' 
PortS 
BOH 
RO 
WR 
T1 
TO 
INT1 
INTO 
TxO 
I 
RxO 
FFH 


PCON 
Power control 
87H 
SMOO 
- 
- 
- 
GF1 
GFO 
PO 
I 
10L 
OxxxOOOOB 


07 
06 
05 
04 
OS 
02 
01 
DO 


PSW' 
Program status word 
DOH 
CY 
AC 
FO 
RS1 
RSO 
OV 
F1 
I 
P 
OOH 


RCAP2H# 
Capture high 
CBH 
OOH 


RCAP2L# 
Capture low 
CAH 
OOH 


SBUF 
Serial data buffer 
99H 
xxxxxxxxB 


9F 
9E 
90 
9C 
9B 
9A 
99 
98 


SCOW 
Serial controller 
98H 
SMO 
SM1 
SM2 
REN 
TB8 
RB8 
TI 
RI 
OOH 


S1BIT# 
Serial 12Cdata 
09H/RO 
SOl 
0 
0 
0 
0 
0 
0 
0 
xOOOOOOOB 


WR 
SOO 
X 
X 
X 
X 
X 
X 
X 
OxxxxxxxB 


S1INT# 
Serial 12Cinterrupt 
OAH 
INT 
X 
X 
X 
X 
X 
X 
X 
OxxxxxxxB 


OF 
DE 
DO 
DC 
DB 
OA 
09 
08 


S1SCS'# 
Serial 12Ccontrol 
08HIR0 
SOl 
SCI 
CLH 
BB 
RBF 
WBF 
STR 
I 
ENS 
xxxxOOOOB 


WR 
SOO 
SCO 
CLH 
X 
X 
X 
STR 
I 
ENS 
OOxxxxOOB 


SP 
Stack pointer 


; 
81H 
07H 


8F 
8E 
80 
8C 
8B 
8A 
89 
88 


TCOW 
TImer control 
88H 
TF1 
TR1 
TFO 
TRO 
IE1 
IT1 
IEO 
I 
ITO 
OOH 


CF 
CE 
CD 
CC 
CB 
CA 
C9 
C8 


T2CON'# 
TImer 2 control 
C8H 
TF2 
EXF2 
RCLK 
TCLK 
EXEN2 I 
TR2 
I 
CIT2 
I CP/RL2 
OOH 


THO 
TImer high 0 
8CH 
OOH 
TH1 
TImer high 1 
80H 
OOH 
TH2# 
TImer high 2 
COH 
OOH 
TLO 
TImer low 0 
8AH 
OOH 
TL1 
TImer low 1 
8BH 
OOH 
TL2# 
TImer low 2 
CCH 
OOH 
TS# 
Watchdog timer 
FFH 
OOH 
TMOO 
TImer mode 
89H 
GATE 
CIT 
M1 
MO 
GATE 
CIT 
M1 
I 
MO 
OOH 


WOCON# 
Watchdog control 
A5H 
A5H 


WATCHDOG 
TIMER T3 
The watchdog timer (WDT) (see Figure 4) 
consists of an 11-biI prescaler and an B-bit 
timer formed by special function register T3. 
The prescaler is incremented by an on-chip 
oscillator with a fixed frequency of 1MHz. The 
maximum tolerance on this frequency is 
-50% and +100%. The B-bit timer increments 
every 204B cycles of the on-chip oscillator. 
When a timer overflow occurs, the 
microcontroller is reset and a reset output 
pulse of 16 x 204B cycles of the on-chip 
oscillator is generated at pin RST. The 
internal RESET signal is not inhibited when 
the external RST pin is kept LOW by, for 
example, an external reset circuit. The 
RESET signal drives Ports 1, 2 and 3 outputs 
into the HIGH state and port 0 into high 
impedance, whether the XTAL-clock is 
running or not. 


The watchdog timer is controlled by special 
function register WDCON with the direct 
address location A5H. WDCON can be read 
and written by software. A value of A5H in 
WDCON halts the on-chip oscillator and 
clears both the prescaler and timer T3. After 


the RESET signal, WDCON contains A5H. 
Every value other than A5H in WDCON 
enables the watchdog timer. When the 
watchdog timer is enabled, it runs 
independently of the XTAL-clock. 


TImer T3 can be read on the fly. TImer T3 can 
be written to only if WDCON has previousiy 
been loaded with 5AH, otherwise T# and the 
prescaler are not affected. A successful write 
operation to T3 also clears the prescaler and 
WDCON. During a read or write operation 
addressing T3, the output of the on-Chip 
oscillator is inhibited to prevent timing 
problems due to asynchronous increments of 
T3. To prevent an overflow of the watchdog 
timer, the user program has to reload T3 
within periods that are shorter than the 
programmed watchdog timer internal. This 
time interval is determined by the B-bit reload 
value that is written into register T3. 


Watchdog timer interval = 


[256 - (T3)] x 204B 


on - chip oscillator frequency 


• Only an internal reset connection to the 


microcontroller core. 


• The Power-down mode and the Watchdog 
(WDT) function can be used concurrently. 


• The WDT also monitors the XTAL 
oscillator. In case of a failure the port 
outputs are forced to a defined HIGH state. 


• Interference will not disable the WDT 
because it is unlikely that it will force 
WDCON to A5H. 


• Tolerances of the on-chip oscillator can be 
adjusted by testing the T3 value and 
adapting the reload value. 


• The WDT can be enabled and disabled 
under control of the user software. This 
gives the possibility to use both the 
Watchdog function and the Power-down 
function. 


• The direct address A5H of WDCON and its 
disable value A5H will not unintentionally 
be present at a random location in the field 
of program code, except for immediate 
data, because the opcode A5H is not used 
in the instruction set. 


BIT-LEVEL 
12C INTERFACE 
This bit-level serial I/O interface supports the 
12C-bus(see Figure 5). P1.6/SCL and 
P1.7/S0A are the serial I/O pins. These two 
pins meet the 12Cspecification conceming 
the input levels and output drive capability. 
Consequently, these pins have an open drain 
output configuration. All the four modes of the 
12C-busare supported: 
- master transmitter 
- master receiver 
- slave transmitter 
- slave receiver 


The advantages of the bit-level 12Chardware 
compared with a full software 12C 
implementation are: 
- The hardware can generate the SCL pulse 
- Testing a single bit (RBF respectively, 
WBF) is sufficient as a check for error free 
transmission. 


The bit-level 12Chardware operates on serial 
bit level and performs the following functions: 
- filtering the incoming serial data and clock 
signals 
- recognizing the START condition 
- generating a serial interrupt request SI 
after reception of a START condition and 
the first falling edge of the serial clock 
- 
recognizing the STOP condition 
- 
recognizing a serial clock pulse on the SCL 
line 
- latching a serial bit on the SOA line (SOl) 


- stretching the SCL LOW period of the 


serial clock to suspend the transfer of the 
next serial data bit 


- setting Read Bit Finished (RBF) when the 


SCL clock pulse has finished and Write Bit 
Finished (WBF) if there is no arbitration 


loss detected (I.e., SOA = 0 while SOO = 1) 


- setting a serial clock Low-to-High detected 
(CLH) flag 
- setting a Bus Busy (BB) flag on a START 
condition and clearing this flag on a STOP 
condition 
- releasing the SCL line and clearing the 


CLH, RBF and WBF flags to resume 
transfer of the next serial data bit 
- generating an automatic clock if the single 
bit data register S1BIT is used in master 
mode. 


The following functions must be done in 
software: 
- handling the 12CSTART interrupts 
- converting serial to parallel data when 
receiving 
- converting parallel to serial data when 


transmitting 
- comparing the received slave address with 
its own 
- interpreting the acknowledge information 
- guarding the 12Cstatus if RBF or WBF = o. 


Additionally, if acting as master: 
- generating START and STOP conditions 
- handiing bus arbitration 


Three SFRs control the bit-level 12Cinterface: 
S1INT, S1BIT and S1SCS. 


S1INT: 
12C Interrupt 
Register 


This register is located at address OAH. 
Refer to Table 1. 


SlINT SFR (OAH) 


7 
6 
5 
4 


IS11 
xl 
xl 
xl 
xl 
xlxl 
xl 


NOTE: 
1. SI bit: Writing a logic 0 clears this bit, 


writing a logic 1 has no effect. 


S1 BIT: Single-bit 
Data Register 


with 
12C Auto-Clock 


This register is located at address 09H. 
Refer to Table 2. 


S1BIT SFR (09H) 


READ 


7 


I SOl I 
0 I 
0 I 
0 I 
0 I 
0 I 
0 
0 I 


WRITE 


7 
6 


I soo I 
x 


NOTE: 
1. Access of the S1BIT SFR clears SI, CLH, 


RBF and WBF. It starts the auto-clock if 
SCO=O. 


MNEMONIC 
BIT 
FUNCTION 


SI 
S11NT.7 
Serial Interrupt 
request (SI) flag: If a START condition occurs the SI flag in the S11NT SFR is set on the 
falling edge of the filtered serial clock. If SI = 1 is detected during a transfer this can be a "spurious START" 
error condition. If no transfer is taking place the SI = 1 is a START from an external master. Provided the bits 
EA and ES1 in IE SFR are set, SI then generates an interrupt so that a slave address receive routine can be 
started. SI can be cleared by accessing the S1BIT register or by writing "00" to S1INT. Also after reception of 
a START condition, the LOW period of the clock pulse is stretched, suspending the serial transfer to allow 
the software to take action. This clock stretching is ended by a read or write access to S1BIT. 


- 
S11NT.6to 0 
X = undefined during read, don't care during write. 


MNEMONIC 
BIT 
FUNCTION 


SOO/SOI 
S1BIT.7 
Serial Data Output (SOO) and the filtered 
Serial Data Input (SOl). SOl data is latched on the rising edge 
olthe filtered serial clock. S1BIT.7 accesses the same memory locations as S1SCS.7. S1BIT SFR is not 
bit-addressable. 
- 
S1BIT.6to 0 
X = don't care. 


STAQ 


FSCl~ 


STRQ 


FSCl~ 


RSBIT 
WSBIT 


FSDA~ 
FSCl 


WSINT 
iB7 


RSBIT 
WSBIT 


FSDAf 


FSCl 


lex: lntemal 
data 
bus 


RSeS: read} 
WSCS, write 
SlSCS 


RSBIT 
: read 
} 
WSBIT: write 
SlBIT (wi1heuto-cJock) 


Reading or Writing the Sl BIT SFR 
Reading or writing the S1BIT SFR starts an 


12C bit I/O sequence: some flags are cleared 
(SI, CLH, RBF, WBF), clock stretching is 
finished and the auto-clock is started. An 
auto-clock pulse is "OR-ed" with SCO and 
thus will be output only if the SCO flag has 
been set to logic O. SCO = 1 inhibits the 
auto-clock start, so a dummy read or write of 
Sl BIT SFR can be used to finish clock 
stretching and clear SI, SLH, RBF and WBF 
if the auto-clock is not used. 


The auto-clock is an active HIGH SCL pulse 
that starts 28 XTAL periods after the SDI read 
or SDO write via Sl BIT. The duration of the 
auto-clock pulse is 100 XTAL clock periods. If 
the SCL line is kept LOW by any device that 
wants to hold up the bus transfer, the 
auto-clock counter waits after 20 XTAL clock 
periods so that the auto-clock pulse length 
will be at least 80 XTAL clock periods (5~s at 
fose = 16MHz). 


Every bit I/O should be followed by a RBF or 
WBF bit test. A bit transfer has been finished 
successfully if after reading a bit the RBF flag 
is logic 1 or after writing a bit the WBF flag is 
logic 1. When after reading a bit the RBF flag 
is still logic 0, the bus status just before the 
Sl SCS status read can be determined as 
follows: 


• If CLH = 0 then a bus device is still 
stretching the clock. 


• If SCI = 1 while CLH = 1 then the SCL 
pulse is not finished. 


When after writing a bit the WBF flag is still 
logic 0 and none of the 3 status conditions 
mentioned for RBF are found then a "bus 
arbitration lost" condition will be the cause. 
This can be determined also from the states 
of the received bit and the last transmitted bit: 
"arbitration loss" if SDO = 1 and SDI = O. 


S1SCS: Control 
and Status 


Register 
for the 12C-bus 


This register is located at address D8H. 
Refer to Table 3. 


SlSCS 
SFR (D8H) 


READ 
7 
6 
5 
I SOl I SCtI CLHI 


4 
3 
2 
1 
0 


BB I RBFI WBFI STRI ENSI 


6 
5 
1 
0 
I soo I sco I SLHI 
X 
I 
x I 
x I STRI ENSI 


NOTES: 
1. SOl and SCI bits: read-modify-write 


operations like "SETB bit" or "CLR bit" 
access SDO and SCO for reading and 
writing. 


2. 
CLH bit: writing a logic 0 clears this bit, 
writing a logic 1 has no effect. 


3. 
RBF and WBF bits: writing a logic 0 to 
CLH also ciears these bits. 


4. 
X = don't care. 


MNEMONIC 
BIT 
FUNCTION 


SDO/SDI 
SlSCS.7 
Serial Data Output and the filtered Serial Data Input. SDI data is latched on the rising edge of the filtered 
serial ciock. SlSCS.7 
accesses the same memory locations as SlBIT.7. Access of the data bit via SlSCS 
will not start an auto-clock puise. 


SCO/SCI 
SlSCS.6 
Serial Clock Output and the filtered 
Serial Clock Input. Serial clock output SCO is "OR-ed" with the auto- 
clock. If SCO = 1 the auto-clock output is inhibited. The intemal clock stretching logic and external devices 
can pull the SCL line Law. 
If the auto-clock is not used, the SCL line has to be controlled by setting 
SCO = 1, waiting for CLH = 1 and setting SCO = 0 after the specified SCL HIGH time. (Because of the input 
filter, CLH will be set at least 8 XTAL clock periods after the SCL LOW-to-HIGH transition. 


CLH 
SlSCS.5 
Serial Clock LOW-to-HIGH transition 
flag: set with a rising edge of the filtered serial clock. CLH = 1 indi- 
cates that, since the last CLH reset, a new valid data bit has been latched in SDI. CLH can be reset by writ- 
ing a logic 0 to Sl SCS.5 or by a read/write of Sl BIT. Clearing CLH also clears RBF and WBF. 


BB 
SlSCS.4 
Bus Busy flag: indicating that there has been a START condition that was not yet followed by a STOP 
condition. 


RBF 
SlSCS.3 
Read Bit Finished flag: indicating a successful bit read. RBF = 1 implies the following conditions: 
- CLH = 1: 
SCL had a rising edge 


- SCI = 0: 
the SCL pulse has finished 


- SI =0: 
no START condition occurred 


- BB = 1: no STOP condition occurred 


The RBF flag can be cleared by clearing the CLH fiag. 


WBF 
SlSCS.2 
Write Bit Finished 
flag: indicating a successful bit write. the same conditions as for RBF are true and also 
no "arbitration loss" condition occurred. Arbitration is lost if a 1 data bit in SDO was over-ruled on SDA by an 
external device. The WBF flag can be cleared by clearing the CLH flag. 


STR 
S1SCS.1 
STRetch control flag, STR = 1 enabled stretching of all SCL LOW periods. This allows the processor in 12C 
slave mode to react on a fast master. The STR flag remains set until cleared by writing a logic 0 to S1SCS.1. 


The STretch (ST) flag (not readable) pulls the serial clock LOW whiie ST = 1. The ST fiag is set on the fai- 
ling edge of the filtered serial clock if STR = 1. It Is also set after reception of a START condition, regardless 
of the STR contents. ST is cleared with a read or write of S1BIT. 


ENS 
S1SCS.0 
ENable Serial VO flag. ENS = 1 enables the START detection and clock stretching logic. ENS = 0 can be 
used to switch off the 12Cbus hardware. Note that the SDO and SCO control flags must be set to logic 1 
before ENS is set to avoid pulling SCL or SDA lines to logic O. 


INTERRUPT 
SYSTEM 
The P83C524 contains the same interrupt 
structure as the PCB80C51 BH, but with a 
seven-source interrupt structure with two 
priority levels. 


IE: Interrupt 
Enable 
Register 
This register is located at address A8H. Refer 
to Table 4. 


IESFR (A8H) 
7653210 
1~1~1=1~lml~I=I~1 


IP: Interrupt 
Priority 
Register 
This register is located at address B8H. Refer 
to Table 5. 


IPSFR (B8H) 
7 
6 
5 
I - I PSI I 
PT21 
PS 


3 
2 
1 
0 


I PT1 I 
PX1 I PTO I PXO I 


MNEMONIC 
BIT 
FUNCTION 


EA 
IE.? 
General enable/disable control: 
0= NO interrupt is enabled. 
1 = ANY individually enabled interrupt will be accepted. 


ES1 
IE.6 
Enable bit-level 
12C110 interrupt 


ET2 
IE5 
Enable Timer 2 interrupt 


ES 
lEA 
Enable Serial Port interrupt 


ET1 
IE.3 
Enable Timer 1 interrupt 


EX1 
IE2 
Enable External interrupt 1 


ETO 
IE1 
Enable Timer 0 interrupt 


EXO 
IEO 
Enable External interrupt 0 
. 


MNEMONIC 
BIT 
FUNCTION 
- 
IP.? 
Reserved. 


PS1 
IP.6 
Bit-level12C 
interrupt priority level 


PT2 
IP.5 
Timer 2 interrupt priority level 


PS 
IPA 
Serial Port interrupt priority level 


PT1 
IP.3 
Timer 1 interrupt priority level 


PX1 
IP.2 
External Interrupt 
1 priority level 


PTO 
IP.1 
Timer 0 interrupt priority level 


PXO 
IP.O 
External Interrupt 
0 priority level 


IDLE AND POWER-DOWN 
OPERATION 
Idle mode operation permits the interrupt, 
serial ports and timer blocks to function while 
the CPU is halted. The following functions 
remain active during Idle mode. These 
functions may generate an interrupt or reset 
and thus end the Idle mode: 
- TImer 0, TImer 1, Timer 2, Watchdog TImer 


- UART, 12C-lntertace 


- External interrupt. 


The Power-down operation stops the 
oscillator. The Power-down mode can only be 
activated by setting the PO bit in the PCON 
register. 


Idle Mode 
The instruction that sets PCON.O is the last 
instruction executed in the normal operating 
mode before Idle mode is activated. Once in 
the Idle mode, the CPU status is preserved in 
its entirety: the Stack Pointer, Program 
Counter, Program Status Word, Accumulator, 
RAM and all other registers maintain their 
data during Idle mode. The status of external 
pins during Idle mode is shown in Table 7. 


Power-down 
Mode 
The instruction that sets PCON.1 is the last 
executed prior to going into the Power-down 
mode. The oscillator is topped. Note that the 
Power-down mode also can be entered when 
the watchdog has been enabled. The 


Power-down mode can be terminated by an 
external RESET in the same way as in the 
BOCS1or in addition by anyone of the two 
external interrupts, IEOor IE1. A reset 
generated by the WOT terminates the 
Power-down mode in the same way as an 
external RESET. 


The status of the external pins during 
Power-down mode is shown in Table 7. If the 
Power-down mode is activated while in 
external program memory, the port data that 
is held in the P2 SFR is restored to Port 2. If 
the data is a logic 1, the port pin is held HIGH 
during the Power-down mode by the strong 
pull-up transistor p1. 


Wake-up 
from Power-down 
Mode 
The Power-down mode of the PB3CS24 can 
also be terminated by anyone of the two 
external interrupts, IEOor IE1. A termination 
with an external interrupt does not affect the 
internal data memory and does not affect the 
Special Function Registers (SFRs). 


In order to prevent any interrupt priority 
problems during wake-up, the prioirty of the 
desired wake-up interrupt should be higher 
than the priorities of all other enabled 
interrupt sources. The instruction following 
the one that put the device into the 
Power-down mode will be the first one which 
will be executed after an interrupt has been 
serviced. 


Table 6. 
Internal Registers 
Status after a RESET 


REGISTER 
CONTENTS 


ACC 
OOH 


B 
OOH 


OPH,OPl 
OOH 


IE 
OOH 


IP 
XOOOOOOOB 


PCH, PCl 
OOH 


PCON 
OXX OOOOB 


PSW 
OOH 


POto P3 
FFH 


SBUF 
Indeterminate 


SCON 
OOH 


SP 
07H 


TCON 
OOH 


TMOO 
OOH 


THO, TlO 
OOH 


TH1, TL1 
OOH 


T2CON 
OOH 


TH2, Tl2 
OOH 


RCAP2H, RCAP2l 
OOH 


S1BIT 
XOOOOOOOB 


S11NT 
OXXXXXXXB 


S1SCS 
XXXO OOOOB 


T3 
OOH 


WOCON 
ASH 


MODE 
MEMORY 
ALE 
PSEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
internal 
1 
1 
port data 
port data 
port data 
port data 


Idle 
external 
1 
1 
floating 
port data 
address 
port data 


Power-down 
internal 
0 
0 
port data 
port data 
port data 
port data 


Power-down 
externai 
0 
0 
floating 
port data 
port data 
port data 


intemal 
timing Slopped 
'1' 
C1-r- C::E:C1-r- 
C2- 


- 
powerdown-------------,t-- 
IDLE 
MODE 
LCAU--- 


_ 
oscillator stOpped~-t---OS~:~~Of:~~ up __ 
interrupts are polled 
interrupt routine 


INTO 2 cydes 
iNn 
1 cycle 


+ 
set external 
interrupllaleh 


ABSOLUTE 
MAXIMUM 
RATINGS 


In accordance with the Absolute Maximum Rating System (IEC 134). 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 


Voo 
Supply voltage range 
~ 
-0.5 
+6.5 
V 


VI 
All Input voltages 
I 
-0.5 
Voo+0.5 
V 


PTOT 
Total power dissipation 
- 
1 
W 


TSTG 
Storage temperature range 
-65 
+150 
°C 


TAMB 
Operating ambient temperature range: 
version FBx 
0 
+70 
°C 
version FFx 
-40 
+85 
°C 
version FHx 
-40 
+125 
°C 


DC CHARACTERISTICS 
FBx (0 to +70°C) 
Voo = 5V ±20%; Vss = OV;TAMB= 0 to +70°C. All voltages with respect to Vss unless otherwise specified. 


SYMBOL 
PARAMETER 
I 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Supply 


Voo 
Supply voltage range 
, 
4.0 
6.0 
V 


Supply current: 


100 
Operating modes 
Voo = 6V; fClK = 16MHz 
- 
35 
mA 
(notes 1 and 8) 


110 
Idle mode 
Voo = 5V ±20%; fClK= 16MHz 
- 
6 
mA 
(notes 2 and 8) 


Ipo 
Power-down mode 
2,; Vpo ,; VOOMAX 
- 
100 
J.lA 
(note 3) 


Inputs 


Vil 
LOW level input voltage 
-0.5 
0.2Voo-0.1 
V 
(except EIl;, P1.6, P1.7) 
.' 


VIL1 
LOW level input voltage 
-0.5 
0.2Voo-o·3 
V 
Ell; 
.' 


VIL2 
LOW level input voltage 
note 6 
-0.5 
0.3Voo 
V 
P1.6, P1.7 


VIH 
HIGH level input voltage 
0.2Voo+0.9 
Voo+0.5 
V 


(except RST, XTAL1, P1.6, P1.7) 


VIH1 
HIGH level input voltage 
0.7Voo 
Voo+0.5 
V 
RST, XTAL1 


VIH2 
HIGH level input voltage 
note 6 
0.7Voo 
6.0 
V 
P1.6, P1.7 


III 
Input current logic 0 
VI = 0.45V 
- 
-50 
J.lA 
Ports 1, 2, and 3 
(except P1.6 and P1.7) 


ITl 
Input current logic 1 to logic 0 transition 
VI = 2.0V 
- 
-650 
J.lA 
Ports 1,2, and 3 
(except P1.6 and P1.7) 


IU1 
Input leakage current 
0.45 < VI < Voo 
- 
±10 
J.lA 
Port 0, Ell; 


IU2 
Input leakage current 
OV < VI < 6V 
- 
±10 
J.lA 
P1.6 and P1.7 
OV < Voo < 6V 


DC CHARACTERISTICS 
FBx (0 to +70°C) (Continued) 


voo = 5V ±20%; vss = OV;TAMS= a to +70°C. All voltages with respect to Vss unless otherwise specified. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Outputs 


VOL 
Low level output voltage 
IOL= 1.6mA 
- 
0.45 
V 
Ports 1, 2, and 3 (except Pl.6 and Pl.7) 
notes 4 and 7 


VOL1 
LOW level output voltage 
IOL=3.2mA 
- 
0.45 
V 


PortO,ALE,~ 
notes 4 and 7 
. 


VOL2 
LOW level output voltage 
IOL= 3.0mA 
- 
0.40 
V 


Pl.6 and Pl.7 
note 7 


VOH 
HIGH level output voltage 
IOH= -60~; 
Voo = 5V ±10% 
2.4 
- 
V 


Ports 1, 2, and 3 
IOH=-25~A 
0.75Voo 
- 
V 


IOH= -10~A 
0.9Voo 
- 
V 


VOH1 
HIGH level output voltage 
IOH= -800~A; Voo = 5V ±10% 
2.4 
- 
V 


Port a in external Bus mode, 
IOH=-300~A 
0.75Voo 
- 
V 
ALE,~,RST 
IOH=-80~A 
0.9Voo 
- 
V 
note 5 


RRST 
RST pull-down resistor 
50 
150 
kQ 


CliO 
Capacitance of Input buffer 
Test frequency = 1MHz; TAMS= 25°C 
- 
10 
pF 


NOTES TO DC CHARACTERISTICS 
(FBx): 


1. The operating supply current is measures with all output pins disconnected; XTAL1 driven with tR = tF = 5ns; VIL = Vss + 0.5V; 
VIH = Voo - 0.5V; XTAL2 not connected; EA = RST = Port a + Pl.6 + Pl.7 = Voo; the WOT is disabled (by the external RESET). 


2. The Idle mode supply current is measured with all output pins disconnected; XTAL1 driven with tR = tF = 5ns; V1L= Vss + 0.5V; 
VIH = VOO- 0.5V; XTAL2 not connected; the WOT is disabled; EA = RST = Vss; Port a = Pl.6 = Pl.7 = Voo. 


3. The Power-down current is measured with all output pins disconnected; XTAL2 not connected; WOT is disabled; 
EA= RST = XTAL1 = Vss; PortO = Pl.6 = Pl.7 = Voo. 
4. Capacitive loading on Port a and Port 2 may cause spurious noise pulses to be superimposed on the LOW level output voltage of ALE, Port 
1 and Port 3. The noise is due to external bus capacitance discharging into the Port a and Port 2 pins when these pins make a l-to-O 
transition during bus operations. In the worst cases (capacitive loading> 
100pF), the noise pulse on the ALE line may exceed 0.8V. In such 
cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 


5. Capacitive loading on Port a and Port 2 may cause the HIGH level output voltage on ALE ~ 
to momentarily fall below the 0.9V Voo 
specification when the address bits are stabilizing. 


6. The input threshold voltage of Pl.6 and Pl.7 (S101) meets the 12Cspecification, so a voltage below 0.3 Voo will be recognized as a logic a 
while an input above 0.7 V00 will be recognized as a logic 1. 


7. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 
Maximum IOLper port pin: 
lamA 


Maximum IOLper 8-bit port: 


PortO: 
26mA 
Ports 1, 2, and 3: 
15mA 


Maximum total IOLfor all output pins: 71mA 
If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 
8. 
IOOMAXat other frequencies can be derived from Figure 7, where f is the external oscillator frequency in MHz; JOOMAXis given in mA. 


DC CHARACTERISTICS 
FFx (-40 to +85°C) 


voo = 5V ±20%; vss = OV;TAMB= -40 to +85°C (extended temperature range). All voltages with respect to Vss unless otherwise specified. 
DC parameters not included here are the same as for the FBx temperature range data. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Inputs 


VIL 
LOW level input voltage 
-{).5 
0.2Voo-{)·15 
V 


(except El\, P1.6, P1.7) 


VIL1 
LOW level input voltage 


.•... 
-{).5 
0.2Voo-{)·35 
V 
El\ 


VIH 
HIGH level input voltage 
0.2Voo+1.0 
Voo+0.5 
V 


(except RST, XTAL 1, P1.6, P1.7) 


VIHl 
HIGH level input voltage 
0.7Voo+0.1 
Voo+0.5 
V 
RST,XTAL1 


IlL 
Input current logic 0 
VI = 0,45V 
- 
-75 
IlA 
Ports 1, 2, and 3 
(except P1.6 and P1.7) 


ITL 
Input current logic 1 to logic 0 transition 
VI =2.0V 
- 
-750 
llA 
Ports 1, 2, and 3 


(- 
(except P1.6 and P1.7) 


DC CHARACTERISTICS 
FHx (-40 to +125°C) 


Voo = 5V ±10%; Vss = OV;TAMB= -40 to +125°C (extended temperature range). All voltages with respect to Vss unless otherwise specified. 
DC parameters not included here are the same as for the FBx temperature range data. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Supply 


Voo 
Supply voltage range 
4.5 
5.5 
V 


Supply current: 


100 
Operating modes 
Voo = 5.5V; fCLK= 16MHz 
- 
35 
mA 
(note 1) 


110 
Idle mode 
Voo = 5V ±10%; fCLK= 16MHz 
- 
6 
mA 
(note 2) 


Ipo 
Power-down mode 
2,; Vpo ,; VOOMAX 
- 
150 
llA 
(note 3) 


Inputs 


VIL 
LOW level input voltage 
-{).5 
0.2Voo-{)·25 
V 


(except El\, P1.6, P1.7) 


VIL1 
LOW level input voltage 
-{).5 
0.2Voo-{)·45 
V 
El\ 


VIH 
HIGH level input voltage 
0.2Voo+1.0 
Voo+0.5 
V 
(except RST, XTAL 1, P1.6, P1.7) 


VIHl 
HIGH level input voltage 
0·7Voo+0.1 
Voo+0.5 
V 


RST, XTAL1 


IlL 
Input current LOW 
VI = 0,45V 
- 
-75 
IlA 


Ports 1, 2, and 3 
(except P1.6 and P1.7) 


ITL 
Input current logic 1 to logic 0 transition 
VI = 2.0V 
- 
-750 
llA 


Ports 1, 2, and 3 
(except P1.6 and P1.7) 


NOTES: 
1. See notes 1 and 8 of the FBx DC characteristics table. 
2. 
See notes 2 and 8 of the FBx DC characteristics table. 
3. 
See note 3 of the FBx DC characteristics table. 


./ /' 
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AC CHARACTERISTICS 
FBx: 
voo = 5V ±20%; vss = OV;TAMB= 0 to +70°C; tCK min. = 63ns. 


FFx: 
Voo = 5V ±20%; Vss = OV;TAMB= -40 to +85°C; tCKmin. = 63ns. 


FHx; 
Voo = 5V ±10%; Vss = OV;TAMB= 0 to +125°C; tCKmin. = 63ns. 
All versions Fxx: 
CL = 1OOpFfor Port 0, ALE and J5S'EN; CL = 80pF for all other outputs unless otherwise specified. 


tCKmin. = 1/f max. (maximum operating frequency); tCK= clock period. 


16 MHz 
12 MHz 
VARIABLE CLOCK 
SYMBOL 
PARAMETER 
MAX. I 
UNIT 


MIN. 
MIN. 
MAX. 
MIN. 
MAX. 


External program 
memory 


tLHLL 
ALE pulse duration 
85 
- 
127 
- 
2 tCK-40 
- 
ns 


tAvLL 
Address set-up time to ALE 
8 
- 
28 
- 
tCK-55 
- 
ns 


tLLAX 
Address hold time after ALE 
28 
- 
48 
- 
tCtr35 
- 
ns 


tLLlV 
Time from ALE to valid instruction input 
- 
150 
- 
233 
- 
4 tCK-100 
ns 


tLLPL 
Time from ALE to control pulse J5S'EN 
23 
- 
43 
- 
tCK-40 
- 
ns 


tPLPH 
Control pulse duration J5S'EN 
143 
- 
205 
- 
3tCK-45 
- 
ns 


tPLIv 
Time from J5S'EN to valid instruction input 
- 
83 
- 
145 
- 
3 tCK-105 
ns 


tPXIX 
Input instruction hold time after J5S'EN 
0 
- 
0 
- 
0 
- 
ns 


tPXIZ 
Input instruction float deiay after J5S'EN 
- 
38 
- 
59 
- 
tCK-25 
ns 


tAVIV 
Address to valid instruction input 
- 
208 
- 
312 
- 
5 tCK-105 
ns 


tpLAZ 
Address float time to J5S'EN 
- 
10 
- 
10 
- 
10 
ns 


External data memory 


tLHLL 
ALE pulse duration 
85 
- 
127 
- 
2tcK-4° 
- 
ns 


tAvLL 
Address set-up time to ALE 
8 
- 
28 
- 
tCK-55 
- 
ns 


tLLAX 
Address hold time after ALE 
28 
- 
48 
- 
tCK-35 
- 
ns 


tRLRH 
"ROpulse duration 
275 
- 
400 
- 
6 tCK-100 
- 
ns 


tWLWH 
WR pulse duration 
275 
- 
400 
- 
6 tCK-100 
- 
ns 


tRLOV 
"ROto valid data input 
- 
148 
- 
252 
- 
5 tCK-165 
ns 


tRHOX 
Data hold time after "RO 
0 
- 
0 
- 
0 
- 
ns 


tRHOZ 
Data float delay after "RO 
- 
55 
- 
97 
- 
2 tCK-70 
ns 


4.LOZ 
Time from ALE to valid data input 
- 
350 
- 
517 
- 
8 tCK-150 
ns 


tAVOV 
Address to valid data input 
- 
398 
- 
585 
- 
9 tCK-165 
ns 


tLLWL 
Time from ALE to"RO or WR 
138 
238 
200 
300 
3 lctr50 
3 tCK+50 
ns 


tAVWL 
Time from address to "ROor WR 
120 
- 
203 
- 
4 tCK-130 
- 
ns 


tWHWL 
Time from "ROor WR HIGH to ALE HIGH 
23 
103 
43 
123 
tCK-40 
tCK+40 
ns 


tevwx 
Data valid to WR transition 
3 
- 
23 
- 
tCK-60 
- 
ns 


teVWH 
Data set-up time before WR 
288 
- 
433 
- 
7 tCK-150 
- 
ns 


tWHQX 
Data hold time after WR 
13 
- 
33 
- 
tCK-50 
- 
ns 


tRLAZ 
Address float delay after"RO 
- 
0 
- 
0 
- 
0 
ns 


NOTE: 
1. The maximum operating frequency is limited to 16MHz and the minimum to 1.2MHz (all versions Fxx). 


SYMBOL 
PARAMETER 
I 
INPUT 
OUTPUT 
I 
12C SPEC. 
I 
UNIT 


SCL Timing 


tHD;STA 
START condition hold time 
" 14 tCK; note 1 
note 2 
,,4.0 
!IS 


tLOW 
SCllOWtime 
" 16tCK 
note 2 
,,4.7 
!Is 


. tHIGH 
SCl HIGH time 
" 14 tCK; note 1 
" 80 tCK; note 3 
,,4.0 
!Is 


tRC 
SCl RISE time 
,,1; note 4 
note 5 
" 1.0 
!Is 


tFC 
SCl FAll 
time 
,,0.3; note 4 
,,0.3; note 6 
,,0.3 
!Is 


SDATiming 


tSU;DAT 
Data set-up time 
,,250 ns 
note 2 
,,250 
ns 


tHD;DAT 
Data hold time 
,,0 ns 
note 2 
,,0 
ns 


tSU;STA 
Repeated START set-up time 
" 14 tCK; note 1 
note 2 
,,4.7 
!Is 


tSU;STO 
STOP condition set-up time 
" 14 tCK; note 1 
note 2 
,,4.0 
!Is 


tBUF 
Bus free time 
" 14 tCK;note 1 
note 2 
,,4.7 
!Is 


tRD 
SDA RISE time 
,; 1; note 4 
note 5 
" 1.0 
!Is 


tFD 
SDA FAll 
time 
" 300ns; note 4 
,,0.3; note 6 
,,0.3 
!Is 


NOTES: 
1. At fCLK~ 3.5MHz, this evaluates to 14 x 286ns ~ 4~s, i.e., the bit-level 
12C interface can respond to the 12C protocol for fCLK" 3.5MHz. 


2. This parameter is determined by the user software, it has to comply with the i2C specification. 
3. This value gives the auto-clock pulse length which meets the 12C specification for the specified XTAl1 clock frequency range. Alternatively, 


the SCl pulse may be timed by software. 
4. Spikes on SDA and SCl lines with a duration of less than 4 x fCLKwill be filtered out. 
5. The RISE time is determined by the external bus line capacitance and pul'-up resistor, it must be " 1 !Is. 
6. The maximum capacitance on bus lines SDA and SCl is 400 pF. 


XTAL 1 CHARACTERISTICS 
Oscillator circuitry: crystal capacitors: C1 ~ C2 ~ 20pF (see Figure 13). 


VARIABLE CLOCK 
SYMBOL 
PARAMETER 
F~1.2T016MHz 
UNIT 


I 
MIN. 
MAX. 


fCLK 
Clock frequency 
I 
1.2 
16 
MHz 


tCK 
Clock period 
; 
63 
833 
ns 


tHIGH 
HIGH time 
20 
teK -tLOW 
ns 


tLOw 
lOW time 
20 
teK - !HIGH 
ns 


tR 
RISE time 
- 
20 
ns 


tF 
FAll 
time 
- 
20 
ns 


tCY 
Cycle time (tCY~ 12 teK) 


- 
0.75 
10 
ns 


SERIAL PORT CHARACTERISTICS 
See Table 9 and Figure 14. 


Table 9. 
External 
Clock Drive XTAL 


VDD~ 5V ±20%; vss ~ OV;TAMB~ 0 to +70'C; load Capacitance ~ 80pF. 


SYMBOL 
12MHz OSCILLATOR 
VARIABLE OSCilLATOR 
PARAMETER 
UNIT 
MIN. 
MAX. 
MIN. 
MAX. 


tXLXL 
Serial Port ciock cycle time 
1 
- 
12tCK 
- 
!Is 


taVXH 
Output data setup to clock rising edge 
700 
- 
10 teK-133 
- 
ns 


tXHQX 
Output data hold after clock rising edge 
50 
- 
2 tCK-117 
- 
ns 


tXHDX 
Input data hold after clock rising edge 
0 
- 
0 
- 
ns 


tXHDV 
Clock rising edge to input data valid 
- 
700 
- 
10 teK-133 
ns 


lovwx 


IovWH 


2.0V 
2.0V 


~~TESTPOINTs~K= 


O.8V 
O.8V 


=} 


FLOAT 
C 
24V 
_20V 
_2.0V 


o 8V 
O.8V 


045V 


AC testing inputs are driven at 2.4V for a logic 1 and 0.45V for a logic O.Timing measurements are taken at 2.0V for a logic 1 and 
0.8V for logic 0, see (a). The float state is defined as the point at which a Port 0 pin sinks 3.2mA or sources 400flA at the voltage 
test levels, see (b). 


r-tXLXL -1 


INPUT 
DATA 
~' 


CLEAR 
RI 


DESCRIPTION 
The 87C524 single-chip 8-bit microcontroller 
is manufactured in an advanced CMOS 
process and is a derivative of the 80C51 
microcontroller family. The 87C524 has the 
same instruction set as the 80C51. 


This device provides architectural 
enhancements that make it applicabie in a 
variety of applications in consumer, telecom 
and general control systems, especially in 
those systems which need large ROM and 
RAM capacity on-chip. 


The 87C524 contains a 16k x 8 EPROM, a 
512 x 8 RAM, four 8-bill/0 
ports, two 16-bit 


timer/event counters (identical to the timers of 
the 80C51), a 16-bit timer (identical to the 
timer 2 of the 80C52), a watchdog timer with 
a separate oscillator, a multi-source, 
two-priority-Ievel, nested interrupt structure, 
two serial interlaces (UART and 12C-bus), 
and on-chip oscillator and timing circuits. 


In addition, the 87C524 has two software 
selectable modes of power reduction-idle 
mode and power-down mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial port, and interrupt system to 
continue functioning. The power-down mode 
saves the RAM contents but freezes the 
oscillator, causing all other chip functions to 
be inoperative. 


• 80C51 instruction set 


- 
16k x 8 EPROM 


- 
512 x 8 RAM 


- 
Memory addressing capability 


64k ROM and 64k RAM 


- Three 16-bit counter/timers 


- 
On-chip watchdog timer with oscillator 


- 
Full duplex UART 


- 
12C serial interlace 


• Power control modes: 


- 
Idle mode 


- 
Power-down mode 


- Warm start from power-down 


• CMOS and TTL compatible 


• Two speed ranges at Vcc; 
5V ±10% 


- 
3.5 to 16MHz 


- 
3.5 to 20MHz 


• Extended temperature ranges 


• OTP package available 


• EPROM code protection 


gt~@=ADDRESS AND 
~ 
~ 
..-.. 
DATA 
BUS 
_0.- 
- - 
- - 
_~tT2 
g ~ 
+-T2EX 


•.........•. 
sel 


•.........•. 
SDA 
-t~ 
- 
---- 


_ 
N 
_ 


EE ~~ 
ADDRESS 
BUS 


Vcc 


PO.OIADO 


PO.l/ADl 


PO.21AD2 


PO.3fAD3 


PO.4/AD4 


PO.51ADS 


PO.61AD6 


PO.l/AD? 


RxDIP3. 
EJWpp 


ALEIl'IIDG 


PSEIiI 


P2.7/A15 


P2.61A14 


P2.51A13 


P2.4/A12 


P2.31Al1 


P2.21Al0 


P2.1/A9 


P2.OIAB 


EPROM 
TEMPERATURE RANGE °C AND PACKAGE 
FREQUENCY 
DRAWING NUMBER 


P87C524EBP N 
o to +70, Plastic Dual In-line Package 
16MHz 
0415C 


P87C524EBF FA 
o to +70, Ceramic Dual In-line Package wlWindow 
16MHz 
0590B 


P87C524EBA A 
o to +70, Plastic Leaded Chip Carrier 
16MHz 
0403G 


P87C524EBL KA 
o to +70, Ceramic Leaded Chip Carrier wlWindow 
16MHz 
1472A 


P87C524EBB B 
o to +70, Plastic Quad Flat Pack 
16MHz 
SOT311 


P87C524GFP N 
-40 to +85, Piastic Dual In-line Package 
20MHz 
0415C 


P87C524GFF FA 
-40 to +85, Ceramic Dual In-line Package wlWindow 
20MHz 
0590B 


P87C524GFA A 
-40 to +85, Plastic Leaded Chip Carrier 
20MHz 
0403G 


P87C524GFL KA 
-40 to +85, Ceramic Leaded Chip Carrier wlWindow 
20MHz 
1472A 


CERAMIC 
AND PLASTIC 
LEADED 
PLASTIC 
QUAD FLAT PACK 


CHIP CARRIER 
PIN FUNCTIONS 
PIN FUNCTIONS 


40 
44 
34 


39 
33 


17 
11 
23 
29 


18 
28 
12 
22 


Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 


1 
NC 
23 
NC 
1 
Pl.5 
23 
P2.5/A13 


2 
P1.O/T2 
24 
P2.OIAB 
2 
Pl.61SCl 
24 
P2.6/A14 
3 
P1.11T2EX 
25 
P2.1/A9 
3 
Pl.7/$DA 
25 
P2.7/A15 


4 
P1.2 
26 
P2.21Al0 
4 
AST 
28 
I'5rn 


5 
Pl.3 
27 
P2.31Al1 
5 
P3.OIRxO 
27 
ALEIF'ROO 


8 
P1.4 
28 
P2.41A12 
6 
NC 
28 
NC 
7 
Pl.5 
29 
P2.51A13 
7 
P3.1/TxD 
29 
EJWPP 


8 
Pl.6ISCl 
30 
P2.61A14 
8 
P3.2JIm1j 
30 
PO.l/AD? 
9 
Pl.7/$OA 
3' 
P2.7/A15 
9 
P3.3IImT 
31 
PO.61AD6 


10 
AST 
32 
I'5rn 
10 
P3.4ITO 
32 
PO.StADS 
11 
P3.OIRxD 
33 
ALEIF'ROO 
11 
P3.srr, 
33 
PO.4/AD4 
12 
NC 
34 
NC 
12 
P3.6IWR 
34 
PO.31AD3 


13 
P3.1fTxD 
35 
EJWPP 
13 
P3.7Rll 
35 
PO.21AD2 
14 
P3.2JIm1j 
36 
PO.l/AD? 
14 
XTAL2 
36 
PO.l/AD1 


15 
P3.3IImT 
37 
PO.61AD6 
15 
XTALl 
37 
PO.OIADO 


16 
P3.4fTO 
38 
PO.StAOS 
16 
Vss 
38 
Vcc 
17 
P3.5fTl 
39 
PO.4!AD4 
17 
NC 
39 
NC 


18 
P3.6IWR 
40 
PO.31A03 
18 
P2.0/AB 
40 
P1.0fT2 
19 
P3.77Rll 
41 
PO.21AD2 
19 
P2.1/A9 
41 
Pl.1fT2EX 


20 
XTAL2 
42 
PO.l/AD1 
20 
P2.21Al0 
42 
P1.2 


21 
XTAl1 
43 
PO.O/ADO 
21 
P2.31Al1 
43 
Pl.3 


22 
Vss 
44 
VCC 
22 
P2.4/A12 
44 
P1.4 


COUNTERS 
~ 


TO 
T1 


PARAllEL 
PORTS, 


ADDRESS/DATA 
BUS 


AND I/O PINS 
~ 


EXTERNAL 
INTERRUPTS 


PIN NO. 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


Vss 
20 
22 
16 
I 
Ground: 
OVreference. 


Vee 
40 
44 
38 
I 
Power Supply: This is the power supply voltage for normal, idle, and power-down operation. 


PO.O-O.7 
39-32 
43-36 
37-30 
I/O 
Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1s written to them 
float and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order 
address and data bus during accesses to external program and data memory. In this 
application, it uses strong internal pull-ups when emitting 1s. Port 0 also outputs the code 
bytes during program verification in the P87C524. External pull-ups are required during 
program verification. 


P1.o-P1.7 
1-8 
2-9 
40-44, 
I/O 
Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups, except P1.6 and P1.7 


1-3 
which are open drain. Port 1 pins that have 1s written to them are pulled high by the internal 
pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: IILl. 
Port 1 can sink/source one TIL (4LSTIL) 
inputs. Port 1 receives the low-order address byte 


during program memory verification. Port 1 also serves alternate functions for timer 2: 
1 
2 
40 
I 
T2 (P1.0): Timer/counter 2 external count input. 


2 
3 
41 
I 
T2EX (P1.1): Timer/counter 2 trigger input. 


7 
8 
2 
I/O 
SCL (P1.6): 
12C serial port clock line. 


8 
9 
3 
I/O 
SDA (P1.7): 12C serial port data line. 


P2.o-P2.7 
21-28 
24-31 
18-25 
I/O 
Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have 1s 
written to them are pulled high by the internai pull-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: IILl. Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to external data memory 
that use 16-bit addresses (MOVX @DPTR). In this application, it uses strong internal 
pull-ups when emitting 1s. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. 


P3.o-P3.7 
10-17 
11, 
5, 
1/0 
Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1s 


13-19 
7-13 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 3 pins that are externally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: IILl. Port 3 also serves the special features of the 
SC80C51 family, as listed below: 
10 
11 
5 
I 
RxD (P3.0): Serial input port 


11 
13 
7 
0 
TxD (P3.1): Serial output port 


12 
14 
8 
I 
IRTll (P3.2): External interrupt 


13 
15 
9 
I 
J1ilTf (P3.3): External interrupt 
14 
16 
10 
I 
TO(P3.4): Timer 0 external input 
15 
17 
11 
I 
T1 (P3.5): Timer 1 extemal input 
16 
18 
12 
0 
WR (P3.6): External data memory write strobe 
17 
19 
13 
0 
RO (P3.7): External data memory read strobe 


RST 
9 
10 
4 
I/O 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An intemal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Vee. After a watchdog timer overflOW,this pin is pulled high while the internal 
reset signal is active. 


ALEIPliOO 
30 
33 
27 
1/0 
Address 
Latch Enable/Program 
Pulse: Output pulse for latching the low byte of the 


address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is sk~Uring 
each access to external data memory. This pin is 


also the program pulse input ( 
) during EPROM programming. 


J>SEiI 
29 
32 
26 
0 
Program Store Enable: The read strobe to externa~-EWam 
memory. When the device is 
executing code from the external program memory, 
is activated twice each machine 
cycle, except that two J>SEiI activations are skipped during each access to external data 
memory. J>SEiI is not activated during fetches from internal program memory. 


~pp 
31 
35 
29 
I 
External Access Enable/Programming 
Supply Voltage: EA must be externally held low to 


enable the device to fetch code from external program memory locations OOOOHto 7FFFH. If 
EA is held high, the device executes from internal program memory unless the program 
counter contains an address greater than 7FFFH. This pin also receives the 12.75V 
programming supply voltage (Vpp) during EPROM programming. 


XTAL1 
19 
21 
15 
I 
Crystal 1: Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 
RESET 


ADDRESS 
MSB 
LSB 
VALUE 


ACC" 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


B" 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data pointer (2 bytes): 


DPH 
Data pointer high 
83H 
OOH 
DPL 
Data pointer low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE"# 
Interrupt enabie 
A8H 
EA 
ES1 I 
ET2 
ESO 
ET1 
EX1 
ETO 
I 
EXO 
OOH 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP"# 
Interrupt priority 
B8H 
- 
PS1 I 
PT2 
PSO 
PT1 
PX1 
PTO I 
PXO 
xOOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO" 
PortO 
80H 
AD7 
AD6 
AD5 
AD4 
AD3 
AD2 
AD1 
I 
ADO 
FFH 
I 


97 
96 
95 
94 
93 
92 
91 
90 


P1" 
Port 1 
90H 
SDA 
SEL 
- 
- 
- 
- 
T2EX I 
T2 
FFH 


A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 


P2" 
Port 2 
AOH 
A15 I A14 
I 
A13 
I 
A12 
I 
A11 
I 
A10 
I 
A9 
I 
A8 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


P3" 
Port 3 
BOH 
RD 
WR I 
T1 
TO 
INT1 
INTO 
TxD 
I 
RxD 
FFH 


PCON 
Power control 
87H 
SMOD 
- 
- 
- 
GF1 
GFO 
PD 
I 
IDL 
OxxxOOOOB 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


PSW" 
Program status word 
DOH 
CY 
AC 
I 
FO 
I 
RS1 I 
RSO 
OV 
F1 
P 
OOH 


RCAP2H# 
Capture high 
CBH 
OOH 
RCAP2L# 
Capture low 
CAH 
OOH 
SBUF 
Serial data buffer 
99H 
xxxxxxxxB 


9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


SCOW 
Serial controller 
98H 
SMO 
SM1 
SM2 
REN 
TB8 
RB8 
TI 
RI 
OOH 


S1BIT# 
Serial 12C data 
D9H/RD 
SDI 
0 
0 
0 
0 
0 
0 
0 
xOOOOOOOB 


WR 
SDO 
X 
X 
X 
X 
X 
X 
X 
OxxxxxxxB 


S1INT# 
Serial12C interrupt 
DAH 
INT 
X 
X 
X 
X 
X 
X 
X 
OxxxxxxxB 


DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 


S1SCS"# 
Serial 12Ccontrol 
D8H/RD 
SDI 
SCI 
I 
CLH 
I 
BB 
I 
RBF I WBF 
I 
STR 
ENS 
xxxxOOOOB 


WR 
SDO 
SCO I 
CLH 
I 
X 
I 
X 
I 
X 
STR 
ENS 
OOxxxxOOB 


SP 
Stack pointer 
81H 
07H 


8F 
8E 
8D 
8C 
8B 
8A 
89 
88 
TCOW 
Timer control 
88H 
TF1 
TR1 I 
TFO I 
TRO I 
IE1 
I 
IT1 
IEO 
ITO 
OOH 


CF 
CE 
CD 
CC 
CB 
CA 
C9 
C8 


T2COW# 
Timer 2 control 
C8H 
TF2 
EXF2 I RCLK I TCLK I EXEN2 I 
TR2 
CIT2 
CP/RL2 
OOH 
, 


THO 
Timer high 0 
8CH 
OOH 
TH1 
Timer high 1 
8DH 
OOH 
TH2# 
Timer high 2 
CDH 
OOH 
TLO 
Timer low 0 
8AH 
OOH 
TL1 
Timer low 1 
8BH 
OOH 
TL2# 
Timer low 2 
CCH 
OOH 
T3# 
Watchdog timer 
FFH 
OOH 
TMOD 
Timer mode 
89H 
GATE I 
CIT 
I 
M1 
I 
MO 
I GATE I 
CIT 
M1 
MO 
OOH 


WDCON# 
Watchdog control 
A5H 
A5H 


INSTRUCTION 
ACCESS TO INTERNAL 
ACCESS TO EXTERNAL 


PROGRAM MEMORY 
PROGRAM MEMORY 


MOVC in internal program memory 
YES 
YES 


MOVC in external program memory 
NO 
YES 


INTERNAL 
DATA MEMORY 
The internal data memory is divided into 
three physically separated segments: 256 
bytes of RAM, 256 bytes of AUX-RAM, and a 
128 bytes special function area. These can 
be addressed each in a different way. 
- RAM 0 to 127 can be addressed directly 


and indirectly as in the 80C51. Address 
pointers are ROand R1 of the selected 
register bank. 


- RAM 128 to 255 can only be addressed 
indirectly as in the 80C51. Address 
pointers are ROand R1 of the selected 
register bank. 


- AUX-RAM 0 to 255 is indirectly addressed 


in the same way as external data memory 
with the MOVX instructions. Address 
pointers are RO,R1 of the selected register 
bank and DPTR. An access to AUX-RAM 0 
to 255 will not affect ports PO, P2, P3.6 and 
P3.7. 


An access to external data memory locations 
higher than 255 will be performed with the 
MOVX DPTR instructions in the same way as 
in the 8051 structure, so with POand P2 as 
data/address bus and P3.6 and P3.7 as write 
and read timing signals. Note that these 
external data memory cannot be accessed 
with RO'and R1 as address pointer. 


TIMER 2 
Timer 2 is functionally equal to the Timer 2 of 
the 8052AH. Timer 2 is a 16-bit timer/counter. 
These 16 bits are formed by two special 
function registers TL2 and TH2. Another pair 
of special function register RCAP2L and 
RCAP2H form a 16-bit capture register or a 
16-bit reload register. Like Timer 0 and 1, it 
can operate either as a timer or as an event 
counter. This is selected by bit CIT2N in the 
special function register T2CON. It has three 
operating modes: capture, autoload, and 
baud rate generator mode which are selected 
by bits in T2CON. 


WATCHDOG 
TIMER T3 


The watchdog timer consists of an 11-bit 
prescaler and an 8-bit timer formed by 
special function register T3. The prescaler is 
incremented by an on-chip oscillator with a 
fixed frequency of 1MHz. The maximum 
tolerance on this frequency is -50% and 
+ 100%. The 8-bit timer increments every 
2048 cycles of the on-chip oscillator. When a 
timer overflow occurs, the microcontroller is 


reset and a reset output pulse of 16 x 2048 
cycles of the on-chip oscillator is generated 
at pin RST. The internal RESET signal is not 
inhibited when the externai RST pin is kept 
low by, for example, an external reset circuit. 
The RESET signal drives port 1, 2, 3 into the 
high state and port 0 into the high impedance 
state. 


The watchdog timer is controlled by one 
special function register WDCON with the 
direct address location A5H. WDCON can be 
read and written by software. A value of A5H 
in WDCON halts the on-chip oscillator and 
clears both the prescaler and timer T3. After 
the RESET signal, WDCON contains A5H. 
Every value other than A5H in WDCON 
enables the watchdog timer. When the 
watchdog timer is enabled, it runs 
independently of the XTAL-clock. 


Timer T3 can be read on the fly. Timer T3 can 
only be written if WDCON contains the value 
5AH. A successful write operation to T3 will 
clear the prescaler and WDCON, leaving the 
watchdog enabled and preventing inadvertent 
changes of T3. To prevent an overflow of the 
watchdog timer, the user program has to 
reload the watchdog timer within periods that 
are shorter than the programmed watchdog 
timer internal. This time interval is determined 
by an 8-bit value that has to be loaded in 
register T3 while at the same time the 
prescaler is cleared by hardware. 


Watchdog timer interval = 


[256 - (T3)] x 2048 
on - chip oscillator frequency 


BIT-LEVEL 
12C INTERFACE 
This bit-level serial I/O interface supports the 
12C-bus.P1.6/SCL and P1.7/SDA are the 
serial I/O pins. These two pins meet the 12C 
specification concerning the input levels and 
output drive capability. Consequently, these 
pins have an open drain output configuration. 
All the four modes of the 12C-bus are 
supported: 
- 
master transmitter 


- 
master receiver 
- slave transmitter 
- slave receiver 


The advantages of the bit-level 12Chardware 
compared with a full software 12C 
implementation are: 
- the hardware can generate the SCL pulse 


- Testing a single bit (RBF respectively, 


WBF) is sufficient as a check for error free 
transmission. 


The bit-level12C hardware operates on serial 
bit level and performs the fOllowing functions: 
- filtering the incoming serial data and clock 
signals 


- recognizing the START condition 
- generating a serial interrupt request SI 
after reception of a START condition and 
the first falling edge of the serial clock 
- recognizing the STOP condition 
- recognizing a serial clock pulse on the SCL 
line 
- latching a serial bit on the SDA line (SDI) 
- stretching the SCL LOW period of the 


serial clock to suspend the transfer of the 
next serial data bit 


- setting Read Bit Finished (RBF) when the 


SCL clock pulse has finished and Write Bit 
Finished (WBF) if there is no arbitration 
loss detected (i.e., SDA = 0 while SDO = 1) 


- setting a serial clock Low-to-High detected 
(CLH) flag 


- setting a Bus Busy (BB) flag on a START 
condition and clearing this flag on a STOP 
condition 


- 
releasing the SCL line and clearing the 
CLH, RBF and WBF flags to resume 
transfer of the next serial data bit 


- generating an automatic clock if the single 


bit data register S1BIT is used in master 
mode. 


The fOllowing functions must be done in 
software: 
- handling the 12CSTART interrupts 
- converting serial to parallel data when 
receiving 


- converting parallel to serial data when 
transmitting 


- comparing the received slave address with 


its own 


- interpreting the acknowledge information 
- guarding the 12Cstatus if RBF or WBF = O. 


Additionally, if acting as master: 
- generating START and STOP conditions 
- handling bus arbitration 
- generating serial clock pulses if S1BIT is 


not used. 


Three SFRs control the bit-level 12Cinterface: 
S1INT, S1BITand 
S1SCS. 


OSCILLATOR 
CHARACTERISTICS 
XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol, 
page 460. 


To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 


RESET 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-up reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-up, the voltage on Vcc and RST must 
come up at the same time for a proper 
start-up. 


IDLE MODE 
In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER-DOWN 
MODE 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
The power-down mode can be terminated by 
a RESET in the same way as in the BOC51 or 
in addition by one of two external interrupts, 
INTOor INT1. A termination with an external 
interrupt does not affect the internal data 
memory and does not affect the special 
function registers. This makes it possible to 
exit power-down without changing the port 
output levels. To terminate the power-down 
mode with an external interrupt IliITll or 1NTT 
must be switched to level-sensitive and must 
be enabled. The external interrupt input 


signalllilTll 
and 1NTT must be kept low until 
the oscillator has restarted and stabilized. An 
instruction following the instruction that puts 
the device in the power·down mode will be 
executed. A reset generated by the watchdog 
timer terminates the power-down mode in the 
same way as an external RESET, and only 
the contents of the on-chip RAM are 
preserved. The control bits for the reduced 
power modes are in the special function 
register PCON. 


DESIGN CONSIDERATIONS 
At power-on, the voltage on Vcc and RST 
must come up at the same time for a proper 
start-up. 


When the idle mode is terminated by a 
hardware reset, the device normally resumes 
program execution, from where it left off, up 
to two machine cycles before the internal 
reset algorithm takes control. On-chip 
hardware inhibits access to internal RAM in 
this event, but access to the port pins is not 
inhibited. To eliminate the possibility of an 
unexpected write when idle is terminated by 
reset, the instruction following the one that 
invokes idle should not be one that writes to a 
port pin or to external memory. 


Table 3 shows the state of 1/0 ports during 
low current operating modes. 


MODE 
PROGRAM MEMORY 
ALE 
PSEI'l 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


PARAMETER 
RATING 
UNIT 


Operating temperature under bias 
o to +70 or -40 to +B5 
°c 


Storage temperature range 
-65 to +150 
°c 


Voltage on r=ANpp pin to Vss 
o to +13.0 
V 


Voltage on any other pin to Vss 
-{).5 to Vcc +0.5 
V 


Input, output current on any two pins 
±10 
mA 


Power dissipation 
1.0 
W 
(based on package heat transfer limitations, not device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 


2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°Cto +70°C or -40°C to +B5°C, Vcc = 5V ±10%, Vss = OV 


PART 
TEST 
LIMITS 


SYMBOL 
PARAMETER 
TYPE 
CONDITIONS 
MIN 
MAX 
UNIT 


VIL 
Input low voltage, 
o to +70'C 
-0.5 
0.2Vcc-o·1 
V 
except EA, P1.6/SCL, P1.7/SDA 
-40 to +B5°C 
-0.5 
0.2Vcc-o·15 
V 


VIL1 
Input low voltage to EA 
o to +70'C 
0 
0.2Vcc-o·3 
V 


-40 to +B5°C 
0 
0.2VcC-O·35 
V 


VIL2 
Input low voltage to P1.6/SCL, P1.7SDAs 
-0.5 
1.5 
V 


VIH 
Input high voltage, 
o to +70°C 
0.2Vcc+0.9 
Vcc+0.5 
V 


except XTAL1, AST, P1.61SCL, P1.7/SDA 
-40 to +B5'C 
0.2Vcc+1 
Vcc+0.5 
V 


VIHl 
Input high voltage, XTAL 1, AST 
o to +70'C 
0.7Vcc 
Vcc+0.5 
V 


-40 to +B5'C 
0.7Vcc+0.1 
Vcc+0.5 
V 


VIH2 
Input high voltage, P1.6/SCL, P1.7/SDAs 
3.0 
6.0 
V 


VOL 
Output low voltage, ports 1, 2, 3, 
IOL= 1.6mAl 
0.45 
V 


except P1.6/SCL, P1.7/SDA 


VOLl 
Output low voltage, port 0, ALE, PSElil 
IOL=3.2mAl 
0.45 
V 


VOL2 
Output low voltage, P1.6/SCL, P1.7/SDA 
IOL= 3.0mAl 
0.4 
V 


VOH 
Output high voltage, ports 1,2,32 
IOH=-6011A 
2.4 
V 
IOH=-2511A 
0.75Vcc 
V 
IOH= -1011A 
0.9Vcc 
V 


VOHl 
Output high voltage, Port 0 in external bus mode, 
IOH= -BOOllA 
2.4 
V 
ALE,PSElil, 
AST 
IOH= -3OO11A 
0.75Vcc 
V 
IOH=-BOllA 
0.9Vcc 
V 


IlL 
Logical 0 input current, ports 1, 2, 3, 
o to +70'C 
VIN = 0.45V 
-50 
llA 


except P1.6/SCL, P1.7SDA 
-40 to +B5'C 
-75 
llA 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 3, 
o to +70'C 
See Note 3 
-650 
IlA 


except P1.61SCL, P1.7/SDA 
-40 to +B5'C 
-750 
IlA 


III 
Input leakage current, port 0 
VIN = VIL or VIH 
±10 
IlA 


1L2 
Input leakage current, P1.6/SCL, P1.7/SDA 
OV < Vi < 6V 
±10 
llA 
OV < Vcc < 


5.5V 


Icc 
Power supply current: 
See Note 4 
Active mode @ 16MHz 
o to +70'C 
25 
mA 


-40 to +B5'C 
35 
mA 
Idle mode @ 16MHz 
o to +70'C 
5 
mA 


-40 to +B5'C 
6 
mA 
Power down mode 
50 
IlA 


ARST 
Intemal reset pull-down resistor 
50 
300 
kn 


CIO 
Pin capacitance 
10 
pF 


NOTES: 
1. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VoLs of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 
100pF), the noise pulse on the ALE pin may exceed O.BV.In such cases, it may be desirable to qualify 


ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STAOBE input. Under steady state (non-transient) conditions, IOL 
must be extemally limited as follows: 1OmA per port pin, port 0 total (all bits) 26mA, ports 1, 2, and total each (all bits) 15mA. 


2. 
Capacitive loading on ports 0 and 2 may cause the VOHon ALE and PSElilto 
momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 
3. 
Pins of ports 1, 2 and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum vaiue when VIN is approximately 2V. 


4. 
See Figures 10 through 13 for Icc test conditions. 


5. The input threshold voltage of P1.6 and P1.7 (SI01) meets the 12Cspecification, so an input voltage below 1.5V will be recognized as a 
logic 0 while an input voltage above 3.0V will be recognized as a logic 1. 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°Cto +70°C or -40°C to +85°C, VCC = 5V ±10%, Vss = OV1,2 


16MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


l!tcLCL 
1 
Oscillator frequency: 
Speed Versions 


87C524 
E 
3.5 
16 
MHz 


87C524 
G 
3.5 
20 
MHz 


tLHLL 
1 
ALE pulse width 
85 
2lcLCL-40 
ns 


tAVLL 
1 
Address valid to ALE low 
8 
tCLCL-55 
ns 


tLLAX 
1 
Address hold after ALE low 
28 
tCLCL-35 
ns 


It.L1V 
1 
ALE low to valid instruction in 
150 
4lcLCL-100 
ns 


It.LPL 
1 
ALE low to l'SEJillow 
23 
lcLCL-40 
ns 


tPLPH 
1 
l'SEJil pulse width 
143 
3lcLCL-45 
ns 


tPLIV 
1 
l'SEJillow 
to valid instruction in 
83 
3lcLCL-105 
ns 


tPXIX 
1 
Input instruction hold after l'SEJ\I 
0 
0 
ns 


tPXIZ 
1 
Input instruction float after l'SEJil 
38 
lcLCL-25 
ns 


tAVIV 
1 
Address to valid instruction in 
208 
5lcLCL-105 
ns 


tpLAZ 
1 
l'SEJ\Ilow to address float 
10 
10 
ns 


Data Memory 
, 


tRLRH 
2,3 
fID pulse width 
275 
6lcLCL-100 
ns 


tWLWH 
2,3 
WR pulse width 
275 
6tCLCL-100 
ns 


tRLDV 
2,3 
fID low to valid data in 
148 
5tCLCL-165 
ns 


tRHDX 
2,3 
Data hold after fID 
, 
0 
0 
ns 


tRHDZ 
2,3 
Data float after RD 
55 
2lcLCL-70 
ns 


It.LDV 
2,3 
ALE low to valid data in 
350 
8lcLCL-150 
ns 


tAVDV 
2,3 
Address to valid data in 
398 
9lcLCL-165 
ns 


tLLWL 
2,3 
ALE low to RD or WR low 
138 
238 
3tCLCL-50 
3tCLCL+50 
ns 


tAVWL 
2,3 
Address valid to WR low or fID low 
120 
4tCLCL-130 
ns 


tavwx 
2,3 
Data valid to WR transition 
3 
lcLCL~O 
ns 


tWHOX 
2,3 
Data hold after WR 
, 
13 
tCLCL-50 
ns 


tRLAZ 
2,3 
RD low to address float 
. 
0 
0 
ns 


tWHLH 
2,3 
fID or WR high to ALE high 
23 
103 
tCLCL-40 
tCLCL+40 
ns 


External Clock 


lcHCX 
6 
High time 
20 
20 
ns 


lcLCX 
6 
Low time 
20 
20 
ns 


lcLCH 
6 
Rise time 
20 
20 
ns 


lcHCL 
6 
Fall time 
20 
20 
ns 


Shift Register 


tXLXL 
4 
Serial port clock cycle time 
750 
12lcLCL 
ns 


tavxH 
4 
Output data setup to clock rising edge 
492 
1OtCLCL-133 
ns 


tXHOX 
4 
Output data hold after clock rising edge 
8 
2lcLCL-117 
ns 


tXHDX 
4 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
4 
Clock rising edge to input data valid 
492 
10lcLCL-133 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and l'SEJil = 100pF, load capacitance for all other outputs = 80pF. 


SYMBOL 
PARAMETER 
INPUT 
OUTPUT 
12CSPECIFICATION 


SCl Timing Characteristics 


tHO;STA 
START condition hold time 
;, 14 'cLCL1 
Note 2 
;'4.0I's 


tLOW 
SCl lOW time 
;, 16 tCLCL 
Note 2 
;'4.7I's 


tHIGH 
SCl HIGH time 
;, 14 tCLCL1 
;, 80 tCLCL3 
;'4.0I's 


tRC 
SCl rise time 
< 11'S4 
NoteS 
,; 1.01'S 


tFC 
SCl fall time 
';0.3I'S4 
,; 0.3l'S 6 
';0.3I'S 


SDA Timing Characteristics 


tsu; OAT 
Data set-up time 
;, 250ns 
Note 2 
;, 250ns 


tHO;OAT 
Data hold time 
;, Ons 
Note 2 
;'Ons 


tsu; STA 
Repeated START set-up time 
;, 14tCLCL1 
Note 2 
;'4.7I's 


tsu; STO 
STOP condition set-up time 
;, 14tCLCL' 
Note 2 
;'4.0I'S 


tSUF 
Bus free time 
;, 14tCLCL' 
Note 2 
;'4.7I's 


tRo 
SDArisetime 
,; 11'S4 
NoteS 
,; 1001's 


tFD 
SDAfalitime 
< 0.31'S4 
< 0.31'S6 
<0.3I'S 


NOTES: 
1. At fCLK= 3.5MHz, this evaluates to 14 x 286ns = 41'S,i.e., the bit-level12C interface can respond to the 12Cprotocol for fCLK;' 3.5MHz. 
2. This parameter is determined by the user software, it has to comply with the 12Cspecification. 
3. This value gives the autoclock pulse length which meets the J2Cspecification for the specified XTAl clock frequency range. Alternatively, the 
SCl pulse may be timed by software. 
4. 
Spikes on SDA and SCl lines with a duration of less than 4 x fCLKwill be filtered out. 


5. The rise time is determined by the external bus line capacitance and pull-up resistor, it must be ,; 11's. 
6. The maximum capacitance on bus lines SDA and SCl is 400pF. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
Q - 
Output data 
first character is always 'I' (= time). The other 
R - "AUsignal 


characters, depending on their positions, 
t 
- TIme 
indicate the name of a signal or the logical 
V - Valid 
status of that signal. The designations are: 
W- WI'! signal 


A - Address 
X - 
No longer a valid logic level 


C - 
Clock 
Z - 
Float 
D - 
Input data 
Examples: tAVLL 


H - 
Logic level high 
I - 
Instruction (program memory contents) 
L - 
Logic level low, or ALE 
P - 
J>SEI'J 


Time for address valid 
to ALE low. 
TIme for ALE low to 
J>SEI'J low. 


I 
I 
I 
JlJlJUL 
r- IXLXL-1 


INPUT 
DATA 
~' 


CLEAR 
RI 


VCC~·5 - 


O.45V 


VC~5=X 
>C 


02VCC+09 


o 45V~ 
.O_2V~C~~~_' 
~ 


TIMING 


REFERENCE 
POINTS 


NOTE, 


AC inputs 
during 
testing 
are driven 
al VCC 
-0.5 
for a logic '" 
and Q.4SV for a logic '0', 


Timing 
measurements 
are made at V1H min for a logic '" 
and VJL for a logic '0', 


NOTE: 
For timing 
purposes, 
a port is no longer 
floating 
when a 100mV change 
from 
load 


voltage 
occurs, 
and begins 
10 floal when a 100mV change 
from the loaded 
VOHI 


VOL 
level occurs. 
loHlloL 
2: ± 2DmA. 


Figure 9. IcC vs. FREQ 


Valid only within frequency specifications 
of the device under test 


Figure 10. Ice Test Condition, 
Active Mode 


All other pins are disconnected 
Figure 11. Ice Test Condition, 
Idle Mode 


All other pins are disconnected 


VCC-<>·5- - - - 
O.7VCC 


O.45V 
O.2VCC-<>.' 


lcHCL- 


Figure 12. Clock Signal Waveform 
for 


lec Tests in Active and Idle Modes 
teLcH = tCHCL= 5ns 
Figure 13. Ice Test Condition, 
Power Down Mode 


All other pins are disconnected. 
VCC= 2V to 5.5V 


NOTE: 
Ports 1.6 and 1.7 should be connected to VCCthrough resistors of sufficiently high value such that the sink current into these pins does not 
exceed the IOL1 specification. 


EPROM CHARACTERISTICS 
The 87C524 is programmed by using a 
modified Quick-Pulse Programming'· 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEIf'ROO pulses. 


The 87C524 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C524 manufactured by Philips. 


Table 4 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the lock bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 14 and 15. Figure 16 shows 
the circuit configuration for normal program 
memory verification. 


Quick-Pulse 
Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 14. Note that 
the 87C524 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 


The address of the EPROM location to be 
programmed is applied to ports 1, 2 and 3, as 
shown in Figure 14. The code byte to be 
programmed into that location is applied to 
port O.RST, PSm 
and pins of ports 2 and 3 
specified in Table 4 are held at the 'Program 
Code Data' levels indicated in Table 4. The 
ALEIf'ROO 
is pulsed low 25 times as shown 
in Figure 15. 


To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 3FH, using the 'Pgm 


Encryption Table' levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 


To program the lock bits, repeat the 25 pulse 
programming sequence using the 'Pgm Lock 
Bit' levels. After one lock bit is programmed, 
further programming of the code memory and 
encryption table is disabled. However, the 
other lock bit can still be programmed. 


Note that the FANpp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 


Program Verification 
If lock bit 2 has not been programmed, the 
on-chip program memory can be read out for 
program verification. The address of the 
program memory locations to be read is 
applied to ports 1, 2 and 3 as shown in 
Figure 16. The other pins are held at the 
'Verify Code Data' levels indicated in Table 4. 
The contents of the address location will be 
emitted on port O. External pull-ups are 
required on port 0 for this operation. 


If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 


Program 
Lock Bits 
The 87C524 has 3 programmable lock bits 
that will provide different levels of protection 
for the on-chip code and data. (See Table 5.) 


Erasing the EPROM also erases the 
encryption array and the program lock bits, 
retuming the part to full functionality. 


Reading the Signature 
Bytes 


The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 


(030H) = 15H indicates manufactured by 


Philips 
(031H) = 9DH indicates 87C524 


ProgramNerify 
Algorithms 


Any algorithm in agreement with the 
conditions listed in Table 4, and which 
satisfies the timing specifications, is suitable. 


Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary 
effects, it 


is recommended 
that an opaque label be 


placed over the window. 
For elevated 


temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 


15W-sec/cm2. 
Exposing the EPROM to an 


ultraviolet lamp of 12,000uW/cm2 
rating for 


20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 


Erasure leaves the array in an all 1s state. 


MODE 
RST 
"P"SER 
ALEIJ5ROG 
FJi./Vpp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program code data 
1 
0 
O' 
Vpp 
1 
0 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 


pgm encryption table 
1 
0 
O' 
Vpp 
1 
0 
1 
0 


Pgm lock bit 1 
1 
0 
O' 
Vpp 
1 
1 
1 
1 


pgm lock bit 2 
1 
0 
O' 
Vpp 
1 
1 
0 
0 


Pgm lock bit 3 
1 
0 
O' 
Vpp 
0 
1 
0 
1 


NOTES: 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 
2. 
Vpp = 12.75V ±0.25V. 
3. Vcc = 5V±1 0% during programming and verification. 


ALEII'ROO 
receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 100~s (±10~s) and high for a 
minimum of 1O~s. 


PROGRAM LOCK BITS1, 2 


LB1 
LB2 
LB3 
PROTECTION DESCRIPTION 


1 
U 
U 
U 
No Program Lock features enabled. (Code verify will still be encrypted by the Encryption Array if 
programmed.) 


2 
P 
U 
U 
MOVC instructions executed from external program memory are disabled from fetching code bytes 
from internal memory, EA is sampled and latched on Reset, and further programming of the EPROM 
is disabled. 


3 
P 
P 
U 
Same as 2, also verify is disabled. 


4 
P 
P 
P 
Same as 3, external execution is disabled. Internal data RAM is not accessible. 


NOTES: 
1. P - programmed. U - unprogrammed. 
2. 
Any other combination of the lock bits is not defined. 


Vcc 


Pl 
PO 


RST 
~PP 


P3.6 
AlEll'ROG 


?3.7 
87C524 
PSEf'I 


XTAL2 
P2.7 


P2.6 


XTALl 
P2.o-P2.5 


VSS 
P3.4 


I 


:- 
10"sMIN -1 
1••·-----1001lS±10----~·1 


Ol 
~n~ __ 
~~ 


Vcc 


AD-A? 
P' 
PO 
PGM DATA 


RST 
~PP 


P3.6 
AlEll'ROG 


P3.7 
87C524 
PSEf'I 


XTAL2 
P2.7 
o rnABI:E 


P2.6 


XTAl1 
P2.o-P2.5 
AB-A13 


VSS 
P3.4 
A14 


Figure 
16. Program 
Verification 


EPROM PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb = 21°C 
to +27°C, 
VCC = 5V±10%, 
VSS = OV (See 
Figure 
17) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply 
current 
; 
50 
mA 


1!tcLCL 
Oscillator 
frequency 
4 
6 
MHz 


tAVGL 
Address 
setup 
to PROO 
low 
48teLCL 


'GHAX 
Address 
hold 
after 
PROO 
48teLCL 


tOVGL 
Data 
setup 
to PROO 
low 
. 
48teLCL 


'GHOX 
Data 
hold after 
PROO 
48teLCL 


tEHSH 
P2.7 (EliIABCE) high to Vpp 
48teLCL 


tSHGL 
Vpp setup 
to PROO 
low 
. 
10 
~s 


tGHSL 
Vpp 
hold after 
PROO 
I 
10 
~s 


tGLGH 
PROOwidth 
.. 
90 
110 
~s 


tAVQV 
Address 
to data 
valid 
48tCLCL 


tELQZ 
ENABLE 
low to data 
valid 
48teLCL 


tEHQZ 
Data 
float 
after ENABLE 
0 
48teLCL 


'GHGL 
PROO 
high to PROO 
low 
10 
~s 


P1.o-P1.7 
P2.<4'2.5 
P3.4 


Purchase 
of Philips' 
12C components 
conveys 
a license under the 


Philips' 
12C patent to use the components 
in the 12C-system 
provided 
the system conforms 
to the 12C specifications 
defined 
by Philips. 


DESCRIPTION 
The 8XC528 single-chip 8-bit microcontroller 
is manufactured in an advanced CMOS 
process and is a derivative of the 80C51 
microcontroller family. The 8XC528 has the 
same instruction set as the 80C51. Three 
versions of the derivative exist: 


• 83C528 - 
32k bytes mask programmable 
ROM 


• 80C528 - 
ROMless version of the 
83C528 


• 87C528 - 
32k bytes EPROM (described 
in a separate data sheet) 


This device provides architectural 
enhancements that make it applicable in a 
variety of applications in consumer, telecom 
and general control systems, especially In 
those systems which need large ROM and 
RAM capacity on-chip. 


The 8XC528 contains a 32k x 8 ROM 
(83C528), a 512 x 8 RAM, four 8-bitl/O 
ports, two 16-bittlmer/event 
counters 
(identical to the timers of the BOC51), a 16-bit 
timer (identical to the timer 2 of the 80C52), a 
watchdog timer with a separate oscillator, a 


multi-source, two-priority-Ievel, nested 
interrupt structure, two serial interfaces 
(UART and 12C-bus), and on-chip oscillator 
and timing circuits. 


In addition, the BXC528 has two software 
selectable modes of power reduction - 
idle 


mode and power-down mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial port, and interrupt system to 
continue functioning. The power-down mode 
saves the RAM contents but freezes the 
oscillator, causing all other chip functions to 
be Inoperative. 


voo 


PO.OIADO 


PO.l/AD1 


PO.2JAD2 


PO.31AD3 


PO.4/AD4 


PO.stADS 


PO.61AD6 


PO.7/AD7 


EX 


ALE 
N.C. 


I'SEfI 
TxD/P3.1 


P2.7/A15 


P2.61A14 
1IlTl1P3.3 


P2.51A13 
T0IP3.4 


P2.41A12 
T11P3.S 


P2.31A11 
WRlP3.6 


P2.21A10 
Im/P3.7 


P2.1/A9 
XTAL2 


P2.OIA8 
XTAL1 


vss 


478 


WRtP3.6 


Im/P3.7 


FEATURES 
• 80C51 instruction set 


- 
32k x 8 ROM (B3C528) 


- 
ROMless (80C52B) 


-512xBRAM 


- 
Memory addressing capability 


64k ROM and 64k RAM 


- Three 16-bit counter/timers 


- 'On-chip watchdog timer with oscillator 


- 
Full duplex UART 


- 
12C serial interface 


- 
Four 8-bitl/O 
ports 


• Power control modes: 


- 
Idle mode 


- 
Power-down mode· 


- Warm start from power-down 


• CMOS and TIL compatible 


• Extended temperature ranges 


• ROM code protection 


• 7-source and 7-vector Interrupt structure 
with 2 priority levels 


• Up to 3 external interrupt request inputs 


• Two programmable power reduction modes 
(Idle and Power-down) 


• Termination of Idle mode by any interrupt, 


external or WDT (watchdog) reset 


• XTAL frequency range: 1.2 MHz to 16 MHz 


CERAMIC 
AND PLASTIC 
LEADED 
PLASTIC 
QUAD FLAT PACK 


CHIP CARRIER 
PIN FUNCTIONS 
PIN FUNCTIONS 


40 
44 
34 


39 


33 


17 
29 
11 
23 


18 
28 


12 
22 


Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 


1 
NC 
23 
NC 
1 
Pl.5 
23 
P2.5/A13 


2 
P1.0fT2 
24 
P2.OIA8 
2 
P1.61SCl 
24 
P2.61A14 


3 
Pl.1fT2EX 
25 
P2.1/A9 
3 
P1.7f$DA 
25 
P2.7/A1S 


4 
Pl.2 
26 
P2.21Al0 
4 
RST 
26 
I'Srn 


5 
Pl.3 
27 
P2.31Al1 
5 
P3.OIAxD 
27 
ALE 


6 
P1,4 
28 
P2.4/A12 
6 
NC 
28 
NC 


7 
Pl.5 
29 
P2.51A13 
7 
P3.1fTxD 
29 
~ 


8 
P1.61SCl 
30 
P2.61A14 
8 
P3.2I1m1l 
30 
PO.7/AD? 


9 
Pl.7/SDA 
31 
P2.7/A1S 
9 
P3.3J11m" 
31 
PO.6/AD6 


10 
RST 
32 
I'Srn 
10 
P3.4fTO 
32 
PO.5/AD5 


11 
P3.OIAxD 
33 
ALE 
11 
P3.5fTl 
33 
PO.4JA04 


12 
NC 
34 
NC 
12 
P3.6!WR 
34 
PO.31AD3 


13 
P3.1fTxD 
35 
~ 
13 
P3.7RU 
35 
PO.21A02 


14 
P3.2I1m1l 
36 
PO.7/AD7 
14 
XTAL2 
36 
PO.l/AD1 


15 
P3.3!IIm" 
37 
PO.GlADS 
15 
XTALl 
37 
PO.OIADO 


16 
P3.4fTO 
38 
PO.5/AD5 
16 
VSS 
39 
VOO 


17 
P3.5fTl 
39 
PO.4/AD4 
17 
NC 
39 
NC 


18 
P3.6!WR 
40 
PO.31AD3 
18 
P2.OIAB 
40 
P1.0IT2 


19 
p3.7nm 
41 
PO.21AD2 
19 
P2.1/A9 
41 
P1.1fT2EX 


20 
XTAl2 
42 
PO.l/AD1 
20 
P2.21Al0 
42 
Pl.2 


21 
XTAL1 
43 
PO.OIADO 
21 
P2.31Al1 
43 
Pl.3 


22 
VSS 
44 
VOO 
22 
P2.4/A12 
44 
Pl.4 


LOGIC SYMBOL 


Voo 
Vss 
1'~J""'"'~" 


•.........• 
~........... 
DATA 
BUS 
•......•..•......• 
•......• 
•......• 
•......• 
•......• 
ltt 


n 


RST 
g ~ 
-T2EX 
~- 
I'Srn _ 
:=:: 
SCL 


<II 
ALE •.........• 
r-~ 


~ 
SDA 
-~~ 


t; 
TxO.....- 
...-... 
•......• - 
z 
TN'TtJ-.. 
•......• 
•......• "'- 
~nm--....~..•......• 


~ 
~~ 
ADDRESS 
BUS 
~ 
TO----'" 
~ 
•......• 
~ 
T1----... 
a. 
•.......• 
Z 
WR.....- 
•.......• 


8 
RD+- 


w 
<II 


PHILIPS 
PHILIPS NORTH AMERICA 


J. 


PART ORDER NUMBER 
PART ORDER 
PART MARKING 
NUMBER 


ROMless 
ROM 
ROMless 
ROM 
Drawing 
TEMPERATURE °C RANGE 
FREQ 
Number 
AND PACKAGE 
MHz 


P80C528FBP 
P83C528FBP/xxx 
P80C528FBP N 
P83C528FBP N 
SOT129 
o to +70, Plastic Dual In-line Package 
16 


P80C528FBA 
P83C528FBNxxx 
P80C528FBA A 
P83C528FBA A 
SOT187 
o to +70, Plastic Leaded Chip Carner 
16 


P80C528FBB 
P83C528FBB/xxx 
P80C528FBB B 
P83C528FBB B 
SOT307-22 
o to +70, Plastic Quad Flat Pack 
16 


P80C528FFP 
P83C528FFP/xxx 
P80C528FFP N 
P83C528FFP N 
SOT129 
-40 to +85, Plastic Dual In-line Package 
16 


P80C528FFA 
P83C528FFNxxx 
P80C528FFA A 
P83C528FFA A 
SOT187 
-40 to +85, Plastic Leaded Chip Carrier 
16 


P80C528FFB 
P83C528FFB/xxx 
P80C528FFB B 
P83C528FFB B 
SOT307-22 
-40 to +85, Plastic Quad Flat Pack 
16 


P80C528FHP 
P83C528FHP/xxx 
P80C528FHP N 
P83C528FHP N 
SOT129 
-40 to +125, Plastic Dual In-line Package 
16 


P80C528FHA 
P83C528FHNxxx 
P80C528FHA A 
P83C528FHA A 
SOT187 
-40 to +125, Plastic Leaded Chip Carrier 
16 


P80C528FHB 
P83C528FHB/xxx 
P80C528FHB B 
P83C528FHB B 
SOT307-22 
-40 to +125, Plastic Quad Flat Pack 
16 


~ 


, 


, 
, 
I 
'. 


~ 


P83C528FBRlxxx 
SOT270 
o to +70, Plastic Shrink Dualln-Linr 
Package 
16 


NOTE: 
1. xxx denotes the ROM code number. 
2. 
SOT311 replaced by SOT307-2. 


EPROM 
Drawing 
TEMPERATURE °C RANGE 
FREQ 


Number 
AND PACKAGE 
MHz 


P87C528EBP N 
0415C 
o to +70, Plastic Dual In-line Package 
16 


P87C528EBF FA 
0590B 
o to +70, Ceramic Dual In-line Package 
16 
wfWindow 


P87C528EBA AA 
0403G 
o to +70, Plastic Leaded Chip Carrier 
16 


P87C528EBL KA 
1472A 
o to +70, Ceramic Leaded Chip Carrier 
16 
wfWindow 


P87C528EBB B 
80T307-22 
o to +70, Plastic Quad Flat Pack 
16 


P87C528EFP N 
0415C 
-40 to +85, Plastic Dual In-line Package 
16 


P87C528EFF FA 
0590B 
-40 to +85, Ceramic Dual in-line Package 
16 
wfWindow 


P87C528EFF FA 
0403G 
-40 to +85, Plastic Leaded Chip Carrier 
16 


P87C528EFL KA 
1472A 
-40 to +85, Ceramic Leaded Chip Carrier 
16 
wfWindow 


P87C528EFB B 
80T307-22 
-40 to +85, Plastic Quad Flat Pack 
16 


, 
, 


P87C528GBP N 
0415C 
o to +70, Plastic Dual In-line Package 
20 


P87C528GBF FA 
0590B 
o to +70, Ceramic Dual In-line Package 
20 
wfWindow 


P87C528GBA A 
0403G 
o to +70, Plastic Leaded Chip Carrier 
20 


P87C528GBL KA 
1472A 
o to +70, Ceramic Leaded Chip Carrier 
20 
wfWindow 


P87C52GFP N 
0415C 
-40 to +85, Plastic Dual In-line Package 
20 


P87C52GFF FA 
0590B 
o to +70, Ceramic Dual In-line Package 
20 
wfWindow 


P87C52GFAA 
0403G 
o to +70, Plastic Leaded Chip Carrier 
20 


P87C52GFL KA 
1472A 
o to +70, Ceramic Leaded Chip Carrier 
20 
wfWindow 


COUNTERS 
~ 
TO 
T1 
--, 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
_______ 
..J 


~ 


EXTERNAL 


INTERRUPTS 


PARALLEL 
PORTS, 


AODRESSIDATA 
BUS 
AND 
110 PINS 


PIN NO. 


MNEMONIC 
DIP 
SOIL 
LCC 
OFP 
TYPE 
NAME AND FUNCTION 


VSS 
20 
21 
22 
16 
I 
Ground: 
circuit ground potential. 


Voo 
40 
42 
44 
38 
I 
Power Supply: 
+5V power supply pin during normal operation, Idle mode and 
Power-down mode. 


PO.O-O.7 
39-32 
41-34 
43-36 
37-30 
I/O 
Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1s 
written to them float and can be used as high-impedance inputs. Port 0 is also the 
multiplexed low-order address and data bus during accesses to external program 
and data memory. In this application, it uses strong internal pull-ups when emitting 
ls. 


Pl.D-Pl.7 
1-8 
1-8 
2-9 
40-44 
I/O 
Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups, except Pl.6 and 
1-3 
Pl.7 which have open drain. Port 1 pins that have ls written to them are pulled high 
by the internal pull-ups and can be used as inputs. As inputs, port 1 pins that are 
externally pulled low will source current because of the internal pull-ups. (See DC 
Electrical Characteristics: IILl. Port 1 can sink/source one TIL 
(4 LSTIL) 
inputs. 


1 
1 
2 
40 
I 
T2 (Pl.0): 
TImer/counter 2 external count input (following edge triggered). 


2 
2 
3 
41 
I 
T2EX (Pl.l): 
TImer/counter 2 trigger input. 


7 
7 
8 
2 
I/O 
SCL (Pl.6): 
12Cserial port clock line. 


8 
8 
9 
3 
I/O 
SDA (Pl. 7): 12Cserial port data line. 


P2.D-P2.7 
21-28 
22-29 
24-31 
18-25 
I/O 
Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that 
have 1s written to them are pulled high by the internal pull-ups and can be used as 
inputs. As inputs, port 2 pins that are externally being pulled low will source current 
because of the internal pull-ups. (See DC Electrical Characteristics: IILl. Port 2 
emits the high-order address byte during fetches from external program memory 
and during accesses to external data memory that use 16-bit addresses (MOVX 
@DPTR). In this application, it uses strong internal pull-ups when emitting ls. 
During accesses to external data memory that use 8-bit addresses (MOV @Ri), port 
2 emits the contents of the P2 special function register. 


P3.D-P3.7 
lD-17 
lD-18 
11, 
5, 
I/O 
Port 3: Port 3 is an B-bit bidirectional I/O port with internal pull-ups. Port 3 pins that 


(l1=NC) 
13-19 
7-13 
have 1s written to them are pulled high by the internal pull-ups and can be used as 
inputs. As inputs, port 3 pins that are externally being pulled low will source current 
because of the pull-ups. (See DC Electrical Characteristics: IILl. Port 3 also serves 
the special features of the SC80C51 family, as listed below: 


10 
10 
11 
5 
I 
RxD (P3.0): Serial input port 
11 
12 
13 
7 
0 
TxD (P3.1): Serial output port 


12 
13 
14 
8 
I 
INTO (P3.2): External interrupt 
13 
14 
15 
9 
I 
mTf (P3.3): External interrupt 
14 
15 
16 
10 
I 
TO (P3.4): TImer 0 external input 
15 
16 
17 
11 
I 
Tl (P3.5): TImer 1 external input 
16 
17 
18 
12 
0 
WR (P3.6): External data memory write strobe 
17 
18 
19 
13 
0 
RO (P3.7): External data memory read strobe 


RST 
9 
9 
10 
4 
I/O 
Reset: A high on this pin for two machine cycles while the oscillator is running, 
. 
resets the device. An internal diffused resistor to Vss permits a power-on reset 
using only an external capacitor to Voo. After a watchdog timer overflow, this pin is 
pulled high while the intemal reset signal is active. 


ALE 
30 
31 
33 
27 
I/O 
Address 
Latch Enable: Output pulse for latching the low byte of the address 


during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or 
clocking. Note that one ALE pulse is skipped during each access to external data 
memory. 


J5Srn 
29 
30 
32 
26 
0 
Program Store Enable: The read strobe to external program memory. When the 
device is executing code from the external ~S~Nm 
memory, J5Srn is activated 
twice each machine cycle, except that two 
activations are skipped during 


each access to external data memory. J5Srn is not activated during fetches from 
internal program memory. 


EA 
31 
33 
35 
29 
I 
External Access Enable: EA must be externally held low during RESET to enable 
the device to fetch code from external program memory locations OOOOHto 7FFFH. 
If EA is held high during RESET, the device executes from internal pro~m 
memory 


unless the program counter contains an address greater than 7FFFH. 
is don't 
care after RESET. 


XTALl 
19 
20 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator ampiifier and input to the internal clock 
generator circuits. 


XTAL2 
18 
19 
20 
14 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, 
SYMBOL, 
OR ALTERNATIVE 
PORT 
FUNCTION 
RESET 


ADDRESS 
MSB 
LSB 
VALUE 


ACC' 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


B' 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data 
pointer 
(2 bytes): 
, 


DPH 
Data 
pointer 
high 
83H 
OOH 


DPL 
Data 
pointer 
low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE'# 
Interrupt 
enable 
A8H 
EA I ES1 
I 
ET2 
I 
ESO 
I 
ET1 
I 
EX1 
ETO 
EXO 
OOH 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP'# 
Interrupt 
priority 
B8H 
- 
I 
PS1 
I 
PT2 
I 
PSO 
I 
PT1 
PX1 
PTO 
PXO 
xOOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO' 
Port 
0 
80H 
AD7 
I 
AD6 
I 
ADS 
I 
AD4 
I 
AD3 
AD2 
AD1 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1' 
Port 
1 
90H 
SDA 
SEL 
I 
- 
I 
- 
- 
- 
T2EX 
I 
T2 
FFH 


A7 
A6 
AS 
A4 
A3 
A2 
A1 
AO 


P2' 
Port 2 
AOH 
A15 
A14 
I 
A13 
A12 
A11 
A10 
A9 
I 
A8 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


P3' 
Port 3 
BOH 
RD 
WR 
I 
T1 
TO 
INT1 
INTO 
TxD 
I 
RxD 
FFH 


PCON 
Power 
control 
87H 
SMOD 
- 
I 
- 
- 
GF1 
GFO 
PD 
T 
IDL 
OxxxOOOOB 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


PSW' 
Program 
status 
word 
DOH 
CY 
AC 
FO 
RS1 
RSO 
OV 
F1 
I 
P 
OOH 


RCAP2H# 
Capture 
high 
CBH 
OOH 
RCAP2L# 
Capture 
low 
CAH 
OOH 
SBUF 
Serial 
data 
buffer 
99H 
xxxxxxxxB 


9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


SCOW 
Serial 
controller 
98H 
SMO 
SM1 
SM2 
REN 
TB8 
RB8 
TI 
RI 
OOH 


S1BIT# 
Serial 
12C data 
D9H/RD 
SDI 
0 
0 
0 
0 
0 
0 
0 
xOOOOOOOB 


WR 
SDO 
X 
X 
X 
X 
X 
X 
X 
OxxxxxxxB 


S1INT# 
Serial 
12C interrupt 
DAH 
INT 
X 
X 
X 
X 
X 
X 
X 
OxxxxxxxB 


DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 


S1SCS'# 
Serial12C 
control 
D8H/RD 
SDI 
SCI 
CLH 
BB 
RBF 
WBF 
STR T 
ENS 
xxxxOOOOB 


WR 
SDO 
SCO 
CLH 
X 
X 
X 
STR 
I 
ENS 
OOxxxxOOB 


SP 
Stack 
pointer 
81H 
07H 


8F 
8E 
8D 
8C 
8B 
8A 
89 
88 


TCOW 
Timer 
control 
88H 
TF1 
I 
TR1 
I 
TFO 
I 
TRO 
I 
IE1 
I 
IT1 
IEO 
I 
ITO 
OOH 


CF 
CE 
CD 
CC 
CB 
CA 
C9 
C8 


T2COW# 
Timer 
2 control 
C8H 
TF2 
EXF2 
RCLK 
TCLK 
EXEN2 
TR2 
CIT2 
I 
CP/AL2 
OOH 


THO 
Timer 
high 
0 
8CH 
OOH 
TH1 
Timer 
high 
1 
8DH 
OOH 
TH2# 
Timer 
high 2 
CDH 
OOH 
TLO 
Timer 
low 0 
8AH 
OOH 
TL1 
Timer 
low 
1 
8BH 
OOH 
TL2# 
Timer 
low 2 
CCH 
OOH 
T3# 
Watchdog 
timer 
FFH 
OOH 


TMOD 
Timer 
mode 
89H 
GATE 
CIT 
M1 
MO 
GATE 
CIT T 
M1 
MO 
OOH 


WDCON# 
Watchdog 
control 
ASH 
ASH 


INSTRUCTION 
ACCESS TO INTERNAL 
ACCESS TO EXTERNAL 


PROGRAM MEMORY 
PROGRAM MEMORY 


MOVC in internal program memory 
YES 
YES 


MOVC in extemal program memory 
NO 
YES 
I 


ROM CODE PROTECTION 
By setting a mask programmable security bit, 
the ROM content in the 83C528 is protected, 
i.e., it cannot be read out by any test mode or 
by any instruction in the extemal program 
memory space. The MOVC instructions are 
the only ones which have access to program 


code in the internal or external program 
memory. The EA input is latched during 
RESET and is 'don't care' after RESET (also 
if security bit is not set). This implementation 
prevents reading from internal program code 
by switching from external program memory 
to intemal program memory during MOVC 
instruction or an instruction that handles 
immediate data. Table 2 lists the access to 
the internal and extemal program memory by 
the MOVC instructions when the security bit 
has been set to logical one. If the security bit 
has been set to a logical 0 there are no 
restrictions for the MOVC instructions. 


INTERNAL 
DATA MEMORY 
The internal data memory is divided into 
three physically separated segments: 256 
bytes of RAM, 256 bytes of AUX-RAM, and a 
128 bytes special function area. These can 
be addressed 
each in a different way. 


- RAM 0 to 127 can be addressed directiy 


and indirectly as in the 80C51 . Address 
pointers are ROand R1 of the selected 
register bank. 


- RAM 128 to 255 can only be addressed 


indirectly as in the 80C51. Address 
pointers are ROand R1 of the selected 
register bank. 


- AUX-RAM 0 to 255 is indirectly addressed 


in the same way as external data memory 
with the MOVX instructions. Address 
pointers are RO, R1 of the selected register 
bank and OPTR. An access to AUX-RAM 0 
to 255 will not affect ports PO, P2, P3.6 and 
P3.7. 


An access to external data memory locations 
higher than 255 will be performed with the 
MOVX OPTR instructions in the same way as 
in the 8051 structure, so with POand P2 as 
data/address bus and P3.6 and P3.7 as write 
and read timing signals. Note that these 
extemal data memory cannot be accessed 
with ROand R1 as address pointer. 


TIMER 2 
Timer 2 is functionally equal to the Timer 2 of 
the 8052AH. Timer 2 is a 16-bit timer/counter. 
These 16 bits are formed by two special 
function registers TL2 and TH2. Another pair 
of special function register RCAP2L and 
RCAP2H form a 16-bit capture register or a 
16-bit reload register. Like Timer 0 and 1, it 
can operate either as a timer or as an event 
counter. This is selected by bit CIT2N 
in the 
special function register T2CON. It has three 
operating modes: capture, autoload, and 
baud rate generator mode 
which are selected 
by bits in T2CON. 


WATCHDOG 
TIMER T3 
The watchdog timer consists of an 11-bit 
prescaler and an 8-bit timer formed by 
special function register T3. The prescaler is 
incremented by an on-chip oscillator with a 
fixed frequency of 1MHz. The maximum 
tolerance on this frequency is -50% and 
+100%. The 8-bittimer 
increments every 
2048 cycles of the on-chip oscillator. When a 
timer overflow occurs, the microcontroller is 
reset and a reset output pulse of 16 x 2048 
cycles of the on-chip oscillator is generated 
at pin RST. The internal RESET signal is not 
inhibited when the external RST pin is kept 
low by, for example, an external reset circuit. 
The RESET signal drives port 1, 2, 3 into the 
high state and port 0 into the high impedance 
state. 


The watchdog timer is controlled by one 
special function register WOCON with the 
direct address location ASH. WOCON can be 


read and written by software. A value of ASH 
in WOCON halts the on-chip oscillator and 
clears both the prescaler and timer T3. After 
the RESET signal, WOCON contains ASH. 
Every value other than ASH in WOCON 
enables the watchdog timer. When the 
watchdog timer is enabled, it runs 
independently of the XTAL-clock. 


Timer T3 can be read on the fly. Timer T3 
can only be written if WOCON contains the 
value 5AH. A successful write operation to 
T3 will clear the prescaler and WOCON, 
leaving the watchdog enabled and preventing 
inadvertent changes of T3. To prevent an 
overflow of the watchdog timer, the user 


program has to reload the watchdog timer 
within periods that are shorter than the 
programmed watchdog timer internal. This 
time interval is determined by an 8-bit value 
that has to be loaded in register T3 while at 
the same time the prescaler is cleared by 
hardware. 


[256 - 
(T3)] x 2048 


on - chip oscillator frequency 


BIT-LEVEL 
12C INTERFACE 
This bit-level serial I/O interface supports the 


12C-bus. P1.6/SCL and P1.7/S0A are the 
serial I/O pins. These two pins meet the 12C 
specification concerning the input levels and 
output drive capability. Consequently, these 
pins have an open drain output configuration. 
All the four modes of the 12C-bus are 
supported: 
- master transmitter 
- master receiver 
- slave transmitter 


- 
slave receiver 


The advantages of the bit-level 
12C hardware 
compared with a full software 
12C 


implementation are: 
- the hardware can generate the SCL pulse 


- Testing a single bit (RBF respectively, 


WBF) is sufficient as a check for error free 
transmission. 


The bit-level 
12C hardware operates on serial 
bit level and performs the following functions: 
- filtering the incoming serial data and clock 
signals 


- recognizing the START condition 
- generating a serial interrupt request SI 
after reception of a START condition and 
the first falling edge of the serial clock 


- recognizing the STOP condition 
- recognizing a serial clock pulse on the SCL 
line 
- latching a serial bit on the SOA line (SOl) 
- stretching the SCL LOW period of the 


serial clock to suspend the transfer of the 
next serial data bit 


- setting Read Bit Finished (RBF) when the 
SCL clock pulse has finished and Write Bit 


Finished (WBF) if there is no arbitration 
loss detected (I.e., SDA = 0 while SDO = 1) 


- sel1ing a serial clock Low-to-High detected 
(CLH) flag 
- sel1ing a Bus Busy (BB) flag on a START 


condition and clearing this flag on a STOP 
condition 


- releasing the SCL line and clearing the 
CLH, RBF and WBF flags to resume 
transfer of the next serial data bit 


- generating an automatic clock if the single 
bit data register S1BIT is used in master 
mode. 


The following functions must be done in 
software: 
- handling the 12C START interrupts 


- converting serial to parallel data when 


receiving 


- converting parallel to serial data when 
transmil1ing 


- comparing the received slave address with 
its own 


- interpreting the acknowledge information 


- guarding the 12C status if RBF or WBF = O. 


Additionally, if acting as master: 
- generating START and STOP conditions 


- handling bus arbitration 


- generating serial clock pulses if S1BIT is 
not used. 


Three SFRs control the bit-level 
12C interface: 
S1INT, S1BITand 
S1SCS. 


OSCILLATOR 
CHARACTERISTICS 
XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol. 


To drive the device from an external clock 
source, XTAL 1 should be driven while XTAL2 


is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 


RESET 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-up reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-up, the voltage on Voo and RST must 
come up at the same time for a proper 
start-up. 


IDLE MODE 
In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 
enabied interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER-DOWN 
MODE 


In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
The power-down mode can be terminated by 


a RESET in the same way as in the 80C51 or 
in addition by one of two external interrupts, 
INTOor INT1. A termination with an external 
interrupt does not affect the internal data 
memory and does not affect the special 
function registers. This makes it possible to 
exit power-down without changing the port 
output levels. To terminate the power-down 
mode with an external interrupt TfiITO or ff\lTT 
must be switched to level-sensitive and must 
be enabled. The external Interrupt input 
signal TfiITO and INTf must be kept iow until 
the oscillator has restarted and stabilized. An 
instruction following the instruction that puts 
the device in the power-down mode will be 
executed. A reset generated by the watchdog 
timer terminates the power-down mode in the 
same way as an external RESET, and only 
the contents of the on-chip RAM are 
preserved. The control bits for the reduced 
power modes are in the special function 
register PCON. 


DESIGN CONSIDERATIONS 
At power-on, the voltage on Voo and RST 
must come up at the same time for a proper 
start-up. 


When the idle mode is terminated by a 
hardware reset, the device normally resumes 
program execution, from where it left off, up 
to two machine cycles before the internal 
reset algorithm takes control. On-chip 
hardware inhibits access to internal RAM in 
this event, but access to the port pins is not 
inhibited. To eliminate the possibility of an 
unexpected write when idle is terminated by 
reset, the instruction following the one that 
invokes idle should not be one that writes to a 
port pin or to external memory. 


Table 3 shows the state of 1/0 ports during 
low current operating modes. 


MODE 
PROGRAM MEMORY 
ALE 
PSEN 
PORTO 
PORT 1 
PORT2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


PARAMETER 
RATING 
UNIT 


o to +70, or 
Operating temperature under bias 
-40 to +85, or 
°C 


-40 to +125 


Storage temperature range 
-65 to +150 
°C 


Voltage on any other pin to Vss 
-0.5 to Voo +0.5 
V 


Input, output current on any two pins 
±10 
mA 


Power dissipation 
1.0 
W 
(based on package heat transfer limitations, not device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 
2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 


charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 
3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb = O°Cto +70°C (Voo = 5V ±20%), -40°C to +85°C (Voo = 5V ±20%), or-40°C 
to +125°C (Voo = 5V ±10%), Vss=OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
PART TYPE 
CONDITIONS 
MIN 
MAX 
UNIT 


VIL 
Input low voltage, 
O°Cto 70°C 
-0.5 
0.2Voo-o·1 
V 


except EA, P1.61SCL, P1.7/SDA 
-40°C to +85°C 
-0.5 
0.2Voo-o·15 
V 


-40°C to +125°C 
-0.5 
0.2Voo-o·25 
V 


VIL1 
Input iow voltage to EA 
O°Cto 70°C 
-0.5 
0.2Voo-o·3 
V 


-40°C to +85°C 
-0.5 
0.2Voo-o·35 
V 


-40°C to +125°C 
-0.5 
0.2Voo-0,45 
V 


VIL2 
Input low voltage to P1.6/SCL, P1.7/SDA3 
-0.5 
0.3Voo 
V 


VIH 
Input high voltage, 
O°Cto 70°C 
0.2Voo+0.9 
Voo+0.5 
V 
except XTAL1, RST, P1.6/SCL, P1.7/SDA 
-40°C to +85°C 
0.2Voo+1.0 
Voo+0.5 
V 


-40°C to +125°C 
0.2Voo+1.0 
Voo+0.5 
V 


VIH1 
Input high voltage, XTAL1, RST 
O°Cto 70°C 
0.7Voo 
Voo+0.5 
V 


-40°C to +85°C 
0.7Voo+0.1 
Voo+0.5 
V 


-40°C to +125°C 
0.7Voo+0.1 
Voo+0.5 
V 


V1H2 
Input high voltage, P1.61SCL, P1.7/SDA3 
0.7Voo 
6.0 
V 


VOL 
Output low voltage, ports 1, 2, 3, except 
IOL= 1.6mA4 
0,45 
V 
P1.61SCL, P1.7/SDA' 


VOL1 
Output low voltage, port 0, ALE, 1'SEiI' 
IOL= 3.2mA4 
0,45 
V 


VOL2 
Output low voltage, P1.6/SCL, P1.7/SDA 
IOL= 3.0mA4 
0,4 
V 


VOH 
Output high voltage, ports 1, 2, 3 
Voo=5V±10%, 


IOH=-60~A 
2.4 
V 


IOH= -25~A 
0.75Voo 
V 


IOH=-1O~A 
0.9Voo 
V 


VOH1 
Output high volta~e, Port 0 in external bus mode, 
Voo = 5V ±10%, 


ALE, 1'SEiI, RST 
IOH= -800~A 
2,4 
V 


IOH= -300~A 
0.75Voo 
V 


IOH= -80"A 
0.9Voo 
V 


IlL 
Logical 0 input current, ports 1, 2, 3, 
O°Cto 70°C 
V1N= 0,45V 
-50 
~A 
except P1.6/SCL, P1.7/SDA 
-40°C to +85°C 
-75 
~A 


-40°C to +125°C 
-75 
~A 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 3, 
O°Cto 70°C 
See note 5 
-650 
~A 
except P1.6/SCL, P1.7/SDA 
-40°C to +B5°C 
-750 
~ 


-40°C to +125°C 
-750 
~A 


DC ELECTRICAL 
CHARACTERISTICS 
(Continued) 


Tamb~ O°Cto +70°C (Voo ~ SV ±20%), -40°C to +BSoC(Voo ~ SV ±20%), or-40°C 
to +12SoC (Voo ~ SV ±10%), VSs~OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
PART TYPE 
CONDITIONS 
MIN 
MAX 
UNIT 


11L1 
Input leakage current, port 0, EA 
O.4S<Vi<Voo 
±10 
!J.A 


IIL2 
Input leakage current, P1.61SCL, P1.7/SDA 
OV<Vi<6.0V 
±10 
~A 


OV<Voo<6.0V 
~A 


100 
Power supply current: 
See notes 6, 7 


Active mode 
3S 
mA 
Idle mode 
6 
mA 
Power down mode 
100 
~A 
Power down mode 
-40°C to +12SoC 
lS0 
~A 


RRST 
Intemal reset pull-down resistor 
SO 
lS0 
kn 


Cia 
Capacitance of 1/0 buffer 
Freq.~lMHz 
10 
pF 


Tamb~ 2SoC 


NOTES: 
1. Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the LOW level ouput voltage of ALE, Port 
1 and Port 3. The noise is due to external bus capacitance discharging into the Port a and Port 2 pins when these pins make a l-to-O 
transition during bus operations. In the worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE line may exceed O.BV.In such 
cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE inpu1. 


2. 
Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALE and I'SEI\Ito 
momentarily fall below the 0.9Voo 
specification when the address bits are stabilizing. 


3. The input threshold voltage of P1.6 and Pl.7 (SI01) meets the 12Cspecification, so a voltage below 0.3Voo will be recognized as a logic a 
while an input above 0.7Voo will be recognized as a logic 1. 


4. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 


Maximum IOLper port pin: 
10mA 


Maximum IOLper B-bit port: - 
Porto: 
26mA 
Ports 1, 2, & 3: 
lSmA 


Maximum totallOL for all output pins: 
71mA 
If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 


S. Pins of ports 1, 2, and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 2V. 
6. 
See Figures 9 through 12 for 100test conditions. 
7. 
IOOMAXat other frequencies can be derived from the figure below, where FREQ is the external oscillator frequency in MHz. 
IOOMAXis given in mA. 


12 
16 


FREQ. 
AT XTAL1 
(MHZ) 


16MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1/tCLCL 
1 
Oscillator 
frequency 
1.2 
16 
MHz 


tLHLL 
1 
ALE 
pulse 
width 
85 
2tCLCL-40 
ns 


tAVLL 
1 
Address 
valid 
to ALE 
low 
8 
tCLCL-55 
ns 


tLLAX 
1 
Address 
hold 
aftm 
ALE 
low 
28 
tCLCL-35 
ns 


tLLlV 
1 
ALE 
low to valid 
instruction 
in 
150 
4tCLCL-100 
ns 


tLLPL 
1 
ALE 
low to F'SE1iI low 
23 
tCLCL-40 
ns 


tPLPH 
1 
F'SE1iI pulse 
width 
143 
3tCLCL-45 
ns 


tPLIV 
1 
F'SE1iI low to valid 
instruction 
in 
83 
3tCLCL-105 
ns 


tPXIX 
1 
Input 
instruction 
hold after 
F'SE1iI 
0 
0 
ns 


tpXIZ 
1 
Input 
instruction 
float 
after 
F'SE1iI 
38 
tCLCL-25 
ns 


tAVIV 
1 
Address 
to valid 
instruction 
in 
208 
5tCLCL-105 
ns 


tpLAZ 
1 
F'SE1iI low to address 
float 
10 
10 
ns 


Data 
Memory 


tRLRH 
2,3 
RO pulse 
width 
275 
6tCLCL-100 
ns 


tWLWH 
2,3 
WR pulse 
width 
275 
6tCLCL-100 
ns 


tRLDV 
2,3 
RO low to valid 
data 
in 
148 
5tCLCL-165 
ns 


tRHDX 
2,3 
Data 
hold 
after RI) 
0 
0 
ns 


tRHDZ 
2,3 
Data 
float 
after 
F!D 
55 
2tCLCL-70 
ns 


tLLDV 
2,3 
ALE 
low to valid 
data 
in 
350 
8tCLCL-150 
ns 


tAVDV 
2,3 
Address 
to valid 
data 
in 
398 
9tCLCL-165 
ns 


tLLWL 
2,3 
ALE 
low to RO or WR low 
138 
238 
3ICLCL-50 
3tCLCL+50 
ns 


tAVWL 
2,3 
Address 
valid 
to WR low or RO low 
120 
4tCLCL-130 
ns 


tavwx 
2,3 
Data 
valid 
to WR transition 
3 
tCLCL-60 
ns 


tWHQX 
2,3 
Data 
hold after WR 
13 
tCLCL-50 
ns 


tRLAZ 
2,3 
RO low to address 
float 
0 
0 
ns 


tWHLH 
2,3 
RO or WR high 
to ALE 
high 
23 
103 
tCLCL-40 
tCLCL+40 
ns 


External 
Clock 


tCHCX 
6 
High 
time 
20 
20 
ns 


tCLCX 
6 
Low time 
20 
20 
ns 


tCLCH 
6 
Rise time 
20 
20 
ns 


tCHCL 
6 
Fall time 
20 
20 
ns 


Shift 
Register 


tXLXL 
4 
Serial 
port clock 
cycle 
time 
750 
12tCLCL 
ns 


taVXH 
4 
Output 
data 
setup 
to clock 
rising 
edge 
492 
1OtCLCL-133 
ns 


tXHQX 
4 
Output 
data 
hold 
after 
clock 
rising 
edge 
8 
2tCLCL-117 
ns 


tXHDX 
4 
Input 
data 
hold after 
clock 
rising 
edge 
0 
0 
ns 


tXHDV 
4 
Clock 
rising 
edge 
to input 
data 
valid 
492 
10tCLCL-133 
ns 


NOTES: 
1. 
Parameters 
are valid 
over 
operating 
temperature 
range 
unless 
otherwise 
specified. 


2. 
Load 
capacitance 
for port 0, ALE, 
and F'SE1iI = 100pF, 
load capacitance 
for all other 
outputs 
= 80pF. 


SYMBOL 
PARAMETER 
INPUT 
OUTPUT 
12CSPECIFICATION 


SCL TIMING CHARACTERISTICS 


IHo; STA 
START condition hold time 
~ 14 Iclcl1 
Note 2 
~ 4.0~s 


!Low 
SCLLOWtime 
~ 16 Iclcl 
Note 2 
~ 4.7~s 


tHIGH 
SCL HIGH time 
~ 14 tClCl1 
~ 80 tClCl3 
~ 4.0~s 


tRC 
SCL rise time 
\' 
~ 1~S4 
NoteS 
~ 1.0~s 


tFC 
SCL fall time 
I 
~ 0.3~S4 
~ 0.3~s 6 
~ 0.3~s 


SDA TIMING CHARACTERISTICS 
-.. 


tsu; DAT1 
Data set-up time 
~ 250ns 
Note 2 
" 250ns 


tHO;DAT 
Data hold time 
"Ons 
Note 2 
~ Ons 


tsu; STA 
Repeated START set-up time 
" 14tClCl1 
Note 2 
~ 4.7"s 


tsu; STO 
STOP condition set-up time 
" 14tClCl1 
Note 2 
"4.0"s 


tBuF 
Bus free time 
~ 14 tClCl1 
Note 2 
~4.7~s 


tRo 
SDA rise time 
~ 1~S4 
Note 5 
~ 1.0~s 


tFD 
SDAfalitime 
';0.~S4 
~ 0.3"s 6 
';0.3~s 


NOTES: 
1. At fClK = 3.5MHz, this evaluates to 14 x 286ns = 4"s, I.e., the bit-level12C interface can respond to the 12Cprotocol for fClK ~ 3.5MHz. 
2. This parameter is determined by the user software, it has to comply with the 12C. 
3. This value gives the autoclock pulse length which meets the 12Cspecification for the specified XTAL clock frequency range. Alternatively, the 
SCL pulse may be timed by software. 


4. 
Spikes on SDA and SCL lines with a duration of less than 4 x fClK will be filtered out. 


5. The rise time is determined by the extemal bus line capacitance and pull-up resistor, it must be ~ 1~s. 
6. The maximum capacitance on bus lines SDA and SCL is 400pF. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
Q - Output data 
first character is always 't' (= time). The other 
R - 
"RlJ signal 


characters, depending on their positions, 
t 
- TIme 
indicate the name of a signal or the logical 
V - 
Valid 


status of that signal. The designations are: 
W- WR signal 


A - Address 
X - 
No longer a valid logic level 


C - Clock 
Z - 
Float 


D - 
Input data 
Examples: tAVLL 


H - 
Logic level high 
I - 
Instruction (program memory contents) 
L - 
Logic level low, or ALE 


p - PS"E"fq 


TIme for address valid 
to ALE low. 
TIme for ALE low to 
PS"E"fqlow. 


r-IXLXL -1 


INPUT 
DATA 
~' 


CLEAR RI 


VD~·5 
- - -- 


O.7VDD 
O.45V 
O.2VD~.1 
lcHC 


lcLCH 


VD~'5=X 
>C 
O.2VDD+O·9 


O.45V 
.~O._2V~D~~_·_' 
~ 


NOTE: 


AC inputs during 
testing 
are driven 
at VOO -0.5 
for a logic ',' 
and O.45V for a logic '0'. 


Timing 
measurements 
afe made at VIH min lor a logic '" 
and VIL for a logic '0'. 


TIMING 
REFERENCE 
POINTS 


NOTE: 
For liming 
purposes, 
a port is no longer 
floating 
when a l00mV 
change 
from 
load 


voltage 
occurs, 
and begins 
to float when 
a 100mV 
change 
from the loaded VOW 


VOL 
level occurs. loHflol;::: ± 20mA. 


Figure 9. 
100Test Condition, Active Mode 


All other pins are disconnected 


Figure 10. 
100 Test Condition, Idle Mode 


All other pins are disconnected 


VO~·5 
- 
- 
- 
- 
o.7Voo 


O.45V 
o.2VOO-G.1 


tCHCL- 
teLC 


Figure 11. Clock Signal Waveform for 


100Tests in Active and Idle Modes 


teLCH= tCHCL= 5ns 
Figure 12. 
100Test Condition, Power Down Mode 


All other pins are disconnected. 
Voo = 2V to 5.5V 


NOTE: 
Ports 1.6 and 1.6 should be connected to VDDthrough resistors of sufficiently high value such that the sink current into these pins does not 
exceed the IOL1 specifications. 


Purchase of Philips' 12Ccomponents conveys a license under the 
Philips' 12Cpatent to use the components in the 12C-system 
provided the system conforms to the 12Cspecifications 
defined by Philips. 


DESCRIPTION 
The 87C528 single-chip 8-bit microcontroller 
is manufactured in an advanced CMOS 
process and is a derivative of the 80C51 
microcontroller family. The 87C528 has the 
same instruction set as the 80C51. Three 
versions of the derivative exist: 


• 83C528-32k 
bytes mask programmable 


ROM 


• 80C528-ROMless 
version of the 83C528 


• 87C528-32k 
bytes EPROM 


This device provides architectural 
enhancements that make it applicable in a 
variety of applications in consumer, telecom 
and general control systems, especially in 
those systems which need large ROM and 
RAM capacity on-chip. 


The 87C528 contains a 32k x 8 EPROM, a 
512 x 8 RAM, four 8-bit I/O ports, two 16-bit 
timer/event counters (identical to the timers of 
the 80C51), a 16-biI timer (identical to the 
timer 2 of the 80C52), a watchdog timer with 
a separate oscillator, a multi-source, 
two-priority-Ievel, nested interrupt structure, 
two serial interfaces (UART and 12C-bus), 
and on-chip oscillator and timing circuits. 


In addition, the 87C528 has two software 
selectable modes of power reduction-idle 
mode and power-down mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial port, and interrupt system to 
continue functioning. The power-down mode 
saves the RAM contents but freezes the 
oscillator, causing all other chip functions to 
be inoperative. 


• 80C51 instruction set 


- 
32k x 8 EPROM 


-512x8RAM 


- 
Memory addressing capability 


64k ROM and 64k RAM 


- Three 16-bit counter/timers 


- On-chip watchdog timer with oscillator 


- 
Full duplex UART 


- 
12Cserial interface 


• Power control modes: 


- 
Idle mode 


- 
Power-down mode 


- Warm start from power-down 


• CMOS and TIL compatible 


• Extended temperature ranges 


• EPROM code protection 


• OTP package available 


• Two speed ranges at Vcc = 5V 


- 
16MHz 


- 20MHz 


VDD 


PO.OIADO 


PO.l/AD1 


PO.21AD2 


pO.31AD3 


PO.41AD4 


PO.51AD5 


PO.61AD6 


PO.l/AD? 


EJ\ 


ALE 


PSEfiI 


P2.7/A15 


P2.61A14 


P2.51A13 


P2.41A12 


P2.31Al1 


XTAL2 
P2.21Al0 


XTALl 
P2.1/A9 


P2.0IA8 


40 


39 


PHILIPS 
PHILIPS NORTH AMERICA 


PART ORDER NUMBER 
PART ORDER 


PART MARKING 
NUMBER 


ROMless 
ROM 
ROMless 
ROM 
Drawing 
TEMPERATURE °C RANGE 
FREQ 


Number 
AND PACKAGE 
MHz 


P80C528FBP 
P83C528FBP/xxx 
P80C528FBP N 
P83C528FBP N 
SOT129 
o to +70, Plastic Dual In-line Package 
16 


P80C528FBA 
P83C528FBAlxxx 
P80C528FBA A 
P83C528FBA A 
SOT187 
o to +70, Plastic Leaded Chip Carrier 
16 


P80C528FBB 
P83C528FBB/xxx 
P80C528FBB B 
P83C528FBB B 
SOT307-22 
o to +70, Plastic Quad Flat Pack 
16 


P80C528FFP 
P83C528FFP/xxx 
P80C528FFP N 
P83C528FFP N 
SOT129 
--40 to +85, Plastic Dual In-line Package 
16 


P80C528FFA 
P83C528FFAlxxx 
P80C528FFA A 
P83C528FFA A 
SOT187 
--40 to +85, Plastic Leaded Chip Carrier 
16 


P80C528FFB 
P83C528FFB/xxx 
P80C528FFB B 
P83C528FFB B 
SOT307-22 
--40 to +85, Plastic Quad Flat Pack 
16 


P80C528FHP 
P83C528FHP/xxx 
P80C528FHP N 
P83C528FHP N 
SOT129 
--40 to +125, Plastic Dual In-line Package 
16 


P80C528FHA 
P83C528FHAlxxx 
P80C528FHA A 
P83C528FHA A 
SOT187 
--40 to +125, Plastic Leaded Chip Carrier 
16 


P80C528FHB 
P83C528FHB/xxx 
P80C528FHB B 
P83C528FHB B 
SOT307-22 
--40 to +125, Plastic Quad Flat Pack 
16 


NOTE: 
1. xxx denotes the ROM code number. 
2. 
SOT311 replaced by SOT307-2. 


EPROM 
Drawing 
TEMPERATURE DC RANGE 
FREQ 
Number 
AND PACKAGE 
MHz 


P87C528EBP N 
0415C 
o to +70, Plastic Dual In-line Package 
16 


P87C528EBF FA 
0590B 
o to +70, Ceramic Dual In-line Package 
16 
wlWindow 


P87C528EBA A 
0403G 
o to +70, Plastic Leaded Chip Carrier 
16 


P87C528EBL KA 
1472A 
o to +70, Ceramic Leaded Chip Carrier 
16 
wlWindow 


P87C528EBB B 
SOT307-22 
o to +70, Plastic Quad Flat Pack 
16 


P87C528EFP N 
0415C 
-40 to +85, Plastic Duai In-line Package 
16 


P87C528EFF FA 
0590B 
-40 to +85, Ceramic Dual In-line Package 
16 
wlWindow 


P87C528EFA A 
0403G 
-40 to +85, Plastic Leaded Chip Carrier 
16 


P87C528EFL KA 
1472A 
-40 to +85, Ceramic Leaded Chip Carrier 
16 
wlWindow 


P87C528EFB B 
SOT307-22 
-40 to +85, Piastic Quad Flat Pack 
16 


P87C528GBP N 
0415C 
o to +70, Plastic Dual In-line Package 
20 


P87C528GBF FA 
0590B 
o to +70, Ceramic Dual In-line Package 
20 
wlWindow 


P87C528GBA A 
0403G 
o to +70, Plastic Leaded Chip Carrier 
20 


P87C528GBL KA 
1472A 
o to +70, Ceramic Leaded Chip Carrier 
20 
wlWindow 


P87C52GFP N 
0415C 
-40 to +85, Plastic Dual In-line Package 
20 


P87C52GFF FA 
0590B 
o to +70, Ceramic Dual In-line Package 
20 
wlWindow 


P87C52GFAA 
0403G 
o to +70, Plastic Leaded Chip Carrier 
20 


P87C52GFL KA 
1472A 
o to +70, Ceramic Leaded Chip Carrier 
20 
wlWindow 


CERAMIC 
AND PLASTIC 
LEADED 
PLASTIC 
QUAD FLAT PACK 


CHIP CARRIER 
PIN FUNCTIONS 
PIN FUNCTIONS 


40 
44 
34 


39 
33 


17 
11 
23 


18 
28 
12 
22 


Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 


1 
NC 
23 
NC 
1 
Pl.5 
23 
P2.5/A13 


2 
Pl.orr2 
24 
P2.0/A8 
2 
Pl.61SCL 
2. 
P2.61A14 


3 
Pl.1fT2EX 
25 
P2.1/A9 
3 
Pl.7/$DA 
25 
P2.7/A15 


4 
Pl.2 
26 
P2.21Al0 
4 
RST 
26 
PSEl'I 


5 
Pl.3 
27 
P2.31Al1 
5 
P3.OIRxD 
27 
ALE 


6 
Pl.4 
28 
P2.4/A12 
6 
NC 
28 
NC 


7 
Pl.5 
29 
P2.5fA13 
7 
P3.1fTxD 
29 
EJ\ 


8 
Pl.61SCL 
30 
P2.61A14 
8 
P3.2Af'I11j 
30 
PO.l/AD7 


9 
P1.7/SDA 
31 
P2.7/A15 
9 
P3.3I'I1rrf 
31 
PO.61AD6 


10 
RST 
32 
PSEl'I 
10 
P3.4fTO 
32 
PO.5/AD5 


11 
P3.0/RxD 
33 
ALE 
11 
P3.5fTl 
33 
PO.4/AD4 


12 
NC 
34 
NC 
12 
P3.6IWR 
34 
PO.31AD3 


13 
P3.1frxO 
35 
EJ\ 
13 
P3.7RO 
35 
PO.21AD2 


14 
P3.2Af'I11j 
36 
PO.7/AD7 
14 
XTAL2 
36 
PO.l/ADl 


15 
P3.3I1fITf 
37 
PO.6JAD6 
15 
XTALl 
37 
PO.O/ADO 


16 
P3.4rrO 
36 
PO.51AD5 
16 
VSS 
38 
VDD 


17 
P3.5IT1 
39 
PO.4/A04 
17 
NC 
39 
NC 
18 
P3.6IWR 
40 
PO.31A03 
18 
P2.OIAB 
40 
Pl.0fT2 
19 
P3.7/RU 
41 
PO.21AD2 
19 
P2.1/A9 
41 
P1.1fT2EX 


20 
XTAl2 
42 
PO.l/AD1 
20 
P2.2JA10 
42 
Pl.2 


21 
XTAL1 
43 
PO.OIADO 
21 
P2.31Al1 
43 
P1.3 
22 
VSS 
44 
VDD 
22 
P2.4/A12 
44 
Pl.4 


LOGIC SYMBOL 


g~~ 
g~ADDRESS 
AND 
~~....-... 
DATABU$ 
_0.-- - 
- - 
_~tT2 
g 
~ 
-T2EX 


- 
SCL 
.•........• 
$DA 


~~ 


_ 
N-+ 


~ 
~~ 
ADDRESS 
BUS 


COUNTERS 
,-'--, 


TO 
T1 


r- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 


PARALLEL 
PORTS, 
ADDRESSIDATA 
BUS 


AND I/O PINS 


,TI'l'rn,II'ITi, 


EXTERNAL 


INTERRUPTS 


PIN NO. 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


VSS 
20 
22 
16 
I 
Ground: 
circuit ground potential. 


Voo 
40 
44 
38 
I 
Power Supply: 
+5V power supply pin during normal operation, Idle mode and 


Power-down mode. 


PO.O-O.7 
39-32 
43-36 
37-30 
I/O 
Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1s written to 
them float and can be used as high-impedance inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to external program and data memory. In 
this application, it uses strong internal pull-ups when emitting 1s. 


P1.D-P1.7 
1-8 
2-9 
40-44 
I/O 
Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups, except P1.6 and P1.7 


1-3 
which have open drain. Port 1 pins that have 1s written to them are pulled high by the 
internal pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled 
low will source current because of the intemal pull-ups. {See DC Electrical Characteristics: 
IILl. Port 1 can sink/source one TIL (4 LSTIL) inputs. Port 1 receives the low-order 
address byte during program memory verification. Port 1 also serves alternate functions for 
timer 2: 


1 
2 
40 
I 
T2 {Pl.0}: 
Timer/counter 2 external count input (following edge triggered). 


2 
3 
41 
I 
T2EX {Pl.l}: 
Timer/counter 2 trigger input. 


7 
8 
2 
I/O 
SCL {Pl.6}: 
12C serial port clock line. 


8 
9 
3 
I/O 
SDA (Pl. 7): 
12C serial port data line. 


P2.D-P2.7 
21-28 
24-31 
18-25 
I/O 
Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have 
1s written to them are pulled high by the intemal pull-ups and can be used as inputs. As 
inputs, port 2 pins that are extemally being pulled low will source current because of the 
intemal pull-ups. (See DC Electrical Characteristics: IILl. Port 2 emits the high-order 
address byte during fetches from external program memory and during accesses to 
external data memory that use 16-bit addresses (MOVX @DPTA). In this application, it 
uses strong internal pull-ups when emitting 1s. During accesses to external data memory 
that use 8-bit addresses {MOV @Ai}, port 2 emits the contents of the P2 special function 
register. 


P3.D-P3.7 
1D-17 
11, 
5, 
I/O 
Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 


13-19 
7-13 
1s written to them are pulled high by the internal pull-ups and can be used as inputs. As 
inputs, port 3 pins that are extemally being pulled low will source current because of the 
pull-ups. (See DC Electrical Characteristics: IILl. Port 3 also serves the special features of 
the SC80C51 family, as listed below: 


10 
11 
5 
I 
RxD (P3.0): Serial input port 


11 
13 
7 
0 
TxD (P3.1): Serial output port 


12 
14 
8 
I 
Jm1l 
(P3.2): Extemal interrupt 


13 
15 
9 
I 
IRTf 
(P3.3): Extemal interrupt 


14 
16 
10 
I 
TO (P3.4): Timer 0 external input 


15 
17 
11 
I 
Tl (P3.5): Timer 1 external input 


16 
18 
12 
0 
WR (P3.6): Extemal data memory write strobe 


17 
19 
13 
0 
"RD(P3.7): External data memory read strobe 


AST 
9 
10 
4 
I/O 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Voo. After a watchdog timer overflow, this pin is pulled high while the intemal 
reset signal is active. 


ALE 
30 
33 
27 
I/O 
Address 
Latch Enable: Output pulse for latching the low byte of the address during an 


access to external memory. In normal operation, ALE is emitted at a constant rate of 1/6 
the oscillator frequency, and can be used for external timing or clocking. Note that one ALE 
pulse is skipped during each access to extemal data memory. 


J5SEI'J 
29 
32 
26 
0 
Program Store Enable: The read strobe to externa\fs'~am 
memory. When the device is 


executing code from the external program memory, 
is activated twice each machine 


cycle, except that two J5SEI'J activations are skipped during each access to external data 
memory. J5SEI'J is not activated during fetches from internal program memory. 


~ 
31 
35 
29 
I 
External Access Enable: ~ 
must be extemally held low during AESET to enable the 


device to fetch code from external program memory locations OOOOHto 7FFFH. If ~ 
is 


held high during AESET, the device executes from internal ~gram 
memory unless the 


program counter contains an address greater than 7FFFH. 
is don't care after AESET. 


XTAl1 
19 
21 
15 
I 
Crystal 1: Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


DESCRIPTION 
DIRECT 
BIT ADDRESS, 
SYMBOL, 
OR ALTERNATIVE 
PORT 
FUNCTION 
RESET 


SYMBOL 
ADDRESS 
MSB 
LSB 
VALUE 


ACC" 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


B" 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data 
pointer 
(2 bytes): 
DPH 
Data 
pointer 
high 
83H 
OOH 


DPL 
Data 
pointer 
low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE"# 
Interrupt 
enable 
A8H 
EA 
I 
ES1 
I 
ET2 
I 
ESO 
I 
ET1 
I 
EX1 
ETO 
EXO 
OOH 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP"# 
Interrupt 
priority 
B8H 
- 
I 
PS1 
I 
PT2 
I 
PSO 
I 
PT1 
I 
PX1 
PTO 
PXO 
xOOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO" 
PortO 
80H 
AD7 
I 
AD6 
I 
AD5 
I 
AD4 
I 
AD3 
I 
AD2 
AD1 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1" 
Port 
1 
90H 
SDA 
I 
SEL 
I 
- 
I 
- 
I 
- 
I 
- 
T2EX 
T2 
FFH 


A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 


P2" 
Port 
2 
AOH 
A15 
I 
A14 
I 
A13 
I 
A12 
I 
A11 
I 
A10 
A9 
A8 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


P3" 
Port 
3 
BOH 
RD 
I 
WR 
I 
T1 
I 
TO 
I 
INT1 
I 
INTO 
TxD 
RxD 
FFH 


PCON 
Power 
control 
87H 
SMOD I 
- 
I 
- 
I 
- 
I 
GF1 
I 
GFO 
PD 
IDL 
OxxxOOOOB 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


PSW" 
Program 
status 
word 
DOH 
CY 
I 
AC 
I 
FO 
I 
RS1 
I 
RSO 
I 
OV 
F1 
P 
OOH 


RCAP2H# 
Capture 
high 
CBH 
OOH 
RCAP2L# 
Capture 
low 
CAH 
OOH 
SBUF 
Serial 
data 
buffer 
99H 
xxxxxxxxB 


9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


SCaN" 
Serial 
controller 
98H 
SMO 
SM1 
SM2 
REN 
TB8 
RB8 
TI 
RI 
OOH 


S1BIT# 
Serial12C 
data 
D9H/RD 
SDi 
0 
0 
0 
0 
0 
0 
0 
xOOOOOOOB 


WR 
SDO 
X 
X 
X 
X 
X 
X 
X 
OxxxxxxxB 


S1INT# 
Serial12C 
interrupt 
DAH 
INT 
X 
X 
X 
X 
X 
X 
X 
OxxxxxxxB 


DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 


S1SCS"# 
Serial 
12C control 
D8H/RD 
SDI 
I 
SCI 
I 
CLH 
I 
BB 
I 
RBF 
I 
WBF 
STR 
ENS 
xxxxOOOOB 


WR 
SDO 
I 
SCO 
I 
CLH 
I 
X 
I 
X 
I 
X 
STR 
ENS 
OOxxxxOOB 


SP 
Stack 
pointer 
81H 
07H 


8F 
8E 
8D 
8C 
8B 
8A 
89 
88 


TCON" 
Timer 
control 
88H 
TF1 
I 
TR1 
I 
TFO 
I 
TRO 
I 
IE1 
I 
IT1 
IEO 
ITO 
OOH 


CF 
CE 
CD 
CC 
CB 
CA 
C9 
C8 


T2CON"# 
Timer 
2 control 
C8H 
TF2 
I EXF2 
I 
RCLK 
I TCLK 
I EXEN2 
I 
TR2 
CIT2 
CPIRl2 
OOH 


THO 
Timer 
high 
0 
8CH 
OOH 


TH1 
Timer 
high 
1 
8DH 
OOH 


TH2# 
Timer 
high 2 
CDH 
OOH 


TLO 
Timer 
low 0 
8AH 
OOH 


TL1 
Timer 
low 
1 
8BH 
OOH 


TL2# 
Timer 
low 2 
CCH 
OOH 


T3# 
Watchdog 
timer 
FFH 
OOH 


TMOD 
Timer 
mode 
89H 
GATE I 
CIT 
I 
M1 
I 
MO 
I GATE 
I 
CIT 
M1 
1 
MO 
OOH 


WDCON# 
Watchdog 
control 
A5H 
A5H 


INSTRUCTION 
ACCESS TO INTERNAL 
ACCESS TO EXTERNAL 


PROGRAM MEMORY 
PROGRAM MEMORY 


MOVC in internal program memory 
YES 
YES 


MOVC in external program memory 
NO 
YES 


INTERNAL 
DATA MEMORY 
The internal data memory is divided into 
three physically separated segments: 256 
bytes of RAM, 256 bytes of AUX-RAM, and a 
128 bytes special function area. These can 
be addressed each in a different way. 
- 
RAM 0 to 127 can be addressed directly 
and indirectly as in the 80C51. Address 
pointers are ROand R1 of the selected 
register bank. 


- RAM 128 to 255 can only be addressed 


indirectly as in the 80C51. Address 
pointers are ROand R1 of the selected 
register bank. 


- AUX-RAM 0 to 255 is indirectly addressed 
in the same way as external data memory 
with the MOVX instructions. Address 
pointers are RO, R1 of the selected register 
bank and DPTR. An access to AUX-RAM 0 
to 255 will not affect ports PO, P2, P3.6 and 
P3.7. 


An access to external data memory locations 
higher than 255 will be performed with the 
MOVX DPTR instructions in the same way as 
in the 8051 structure, so with POand P2 as 
data/address bus and P3.6 and P3.7 as write 
and read timing signals. Note that these 
external data memory cannot be accessed 
with ROand R1 as address pointer. 


TIMER 2 
Timer 2 is functionally equal to the Timer 2 of 
the 8052AH. Timer 2 is a 16-bittimer/counter. 
These 16 bits are formed by two special 
function registers TL2 and TH2. Another pair 
of special function register RCAP2L and 
RCAP2H form a 16-bit capture register or a 
16-bit reload register. Like Timer 0 and 1, it 
can operate either as a timer or as an event 
counter. This is selected by bit CIT2N in the 
special function register T2CON. It has three 
operating modes: capture, autoload, and 
baud rate generator mode which are selected 
by bits in T2CON. 


WATCHDOG 
TIMER T3 
The watchdog timer consists of an 11-bit 
prescaler and an 8-bit timer formed by 
special function register T3. The prescaler is 
incremented by an on-chip oscillator with a 
fixed frequency of 1MHz. The maximum 
tolerance on this frequency is -50% and 
+100%. The 8-bit timer increments every 
2048 cycles of the on-chip oscillator. When a 
timer overflow occurs, the microcontroller is 


reset and a reset output pulse of 16 x 2048 
cycles of the on-chip oscillator is generated 
at pin RST. The internal RESET signal is not 
inhibited when the external RST pin is kept 
low by, for example, an external reset circuit. 
The RESET signal drives port 1, 2, 3 into the 
high state and port 0 into the high impedance 
state. 


The watchdog timer is controlled by one 
special function register WDCON with the 
direct address location A5H. WDCON can be 
read and written by software. A value of A5H 
in WDCON halts the on-chip oscillator and 
clears both the prescaler and timer T3. After 
the RESET signal, WDCON contains A5H. 
Every value other than A5H in WDCON 
enables the watchdog timer. When the 
watchdog timer is enabled, it runs 
independently of the XTAL-clock. 


Timer T3 can be read on the fly. Timer T3 can 
only be written if WDCON contains the value 
5AH. A successful write operation to T3 will 
clear the prescaler and WDCON, leaving the 
watchdog enabled and preventing inadvertent 
changes of T3. To prevent an overflow of the 
watchdog timer, the user program has to 
reload the watchdog timer within periods that 
are shorter than the programmed watchdog 
timer internal. This time interval is determined 
by an 8-bit value that has to be loaded in 
register T3 while at the same time the 
prescaler is cleared by hardware. 


Watchdog timer interval = 
[256 - (T3)J x 2048 
on - chip oscillator frequency 


BIT-LEVEL 
12C INTERFACE 
This bit-level serial 1/0 interface supports the 


12C-bus. P1.6/SCL and P1.7/SDA are the 
serial 1/0 pins. These two pins meet the 12C 
specification concerning the input ievels and 
output drive capability. Consequently, these 
pins have an open drain output configuration. 
All the four modes of the 12C-bus are 
supported: 
- master transmitter 
- master receiver 
- slave transmitter 
- slave receiver 


The advantages of the bit-level 12Chardware 
compared with a full software 12C 
implementation are: 
- the hardware can generate the SCL pulse 


- Testing a single bit (RBF respectively, 


WBF) is sufficient as a check for error free 
transmission. 


The bit-level 
12C hardware operates on serial 


bit level and performs the following functions: 
- filtering the incoming serial data and clock 
signals 


- recognizing the START condition 
- generating a serial interrupt request SI 


after reception of a START condition and 
the first falling edge of the serial clock 


- recognizing the STOP condition 
- 
recognizing a serial clock pulse on the SCL 
line 


- latching a serial bit on the SDA line (SDI) 
- stretching the SCL LOW period of the 
serial clock to suspend the transfer of the 
next serial data bit 


- setting Read Bit Finished (RBF) when the 


SCL clock pulse has finished and Write Bit 
Finished (WBF) if there is no arbitration 
loss detected (i.e., SDA = 0 while SDO = 1) 


- setting a serial clock Low-to-High detected 
(CLH) flag 


- setting a Bus Busy (BB) flag on a START 
condition and clearing this flag on a STOP 
condition 
- releasing the SCL line and clearing the 


CLH, RBF and WBF flags to resume 
transfer of the next serial data bit 


- generating an automatic clock if the single 


bit data register S1BIT is used in master 
mode. 


The following functions must be done in 
software: 
- handling the 12C START interrupts 


- converting serial to parallel data when 
receiving 


- converting parallel to serial data when 


transmitting 


- comparing the received slave address with 
itsDwn 


- interpreting the acknowledge information 


- guarding the 12Cstatus if RBF or WBF = O. 


Additionally, if acting as master: 
- generating START and STOP conditions 


- handling bus arbitration 


- generating serial clock pulses if S1BIT is 


not used. 


Three SFRs control the bit-level 12Cinterface: 
S1INT, S1BIT and S1SCS. 


OSCILLATOR 
CHARACTERISTICS 
XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol. 


To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 


RESET 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-up reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-up, the voltage on Voo and RST must 
come up at the same time for a proper 
start-up. 


IDLE MODE 
In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 


active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idie mode 
is activated. The CPU contents, the on-Chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER-DOWN 
MODE 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
The power-down mode can be terminated by 
a RESET in the same way as in the 80C51 or 
in addition by one of two external interrupts, 
INTOor INT1. A termination with an external 
interrupt does not affect the internal data 
memory and does not affect the special 
function registers. This makes it possible to 
exit power-down without changing the port 
output levels. To terminate the power-down 
mode with an external interrupt IJ\ITlj or INTT 
must be switched to level-sensitive and must 
be enabled. The external interrupt input 
signallJ\lTlj and INTT must be kept low until 


the oscillator has restarted and stabilized. An 
instruction following the instruction that puts 
the device in the power-down mode will be 
executed. A reset generated by the watchdog 
timer terminates the power-down mode in the 
same way as an external RESET, and only 
the contents of the on-chip RAM are 
preserved. The control bits for the reduced 
power modes are in the special function 
register PCON. 


DESIGN CONSIDERATIONS 
At power-on, the voltage on Voo and RST 
must come up at the same time for a proper 
start-up. 


When the idle mode is terminated by a 
hardware reset, the device normally resumes 
program execution, from where it left off, up 
to two machine cycles before the internal 
reset algorithm takes control. On-chip 
hardware inhibits access to internal RAM in 
this event, but access to the port pins is not 
inhibited. To eliminate the possibility of an 
unexpected write when idle is terminated by 
reset, the instruction following the one that 
invokes idle should not be one that writes to a 
port pin or to external memory. 


Table 3 shows the state of 1/0 ports during 
low current operating modes. 


MODE 
PROGRAM MEMORY 
ALE 
J5"S'EN 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


PARAMETER 
RATING 
UNIT 


o to +70, or 
Operating temperature under bias 
-40 to +85, or 
°c 
, 
.' 
-40 to +125 


Storage temperature range 
-65 to +150 
°c 


Voltage on any other pin to Vss 
-0.5 to Voo +0.5 
V 


Input, output current on any two pins 
±10 
mA 


Power dissipation 
1.0 
W 
(based on package heat transfer limitations, not device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 
2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 
3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


DC ELECTRICAL 
CHARACTERISTICS 


Tomb= O'C to +70'C (VOO= 5V ±20%), -40'C 
to +85'C (VOO= 5V±20%), 
or-40'C 
to +125'C (Voo = 5V ±10%), Vss=OV 


TEST 
UMITS 


SYMBOL 
PARAMETER 
PART TYPE 
CONDITIONS 
MIN 
MAX 
UNIT 


VIL 
Inpu1low voltage, 
O'Cto 70'C 
-{).5 
0.2Vee-O·l 
V 
except EA, Pl.61SCL, Pl.7/SDA 
-40'C 
to +85'C 
-{).5 
0.2V~.15 
V 


VIL1 
Input low voltage to EA 
O'Cto 70'C 
0 
0.2Vee-O·3 
V 


-40'C 
to +85'C 
0 
0.2Vee-O·35 
V 


VIL2 
Input low voltage to Pl.61SCL, Pl.7/SDA5 
-{).5 
0.3V 
V 


VIH 
Input high voltage, 
O'C to 70'C 
0.2Vee+0.9 
Vee+0.5 
V 
exceptXTAL1, 
RST, Pl.61SCL, Pl.7/SDA 
-40'C 
to +85'C 
0.2Vee+1.O 
Vee+0.5 
V 


VIH1 
Input high voltage, XTAL1, RST 
O'C to 70'C 
- 
O·7Vee 
Vee+0.5 
V 


-40'C 
to +85'C 
0·7Vee+0.1 
Vee+0.5 
V 


VIH2 
Input high voltage, Pl.61SCL, Pl.7/SDA5 
3.0 
6.0 
V 


VOL 
Output low voltage, ports 1, 2, 3, except 
IOL=1.6mAl 
0.45 
V 
Pl.61SCL, Pl.7/SDAI 


VOLI 
Outpu1low voltage, port 0, ALE, PSEIiIl 
IOL=3.2mAl 
0.45 
V 


VQL2 
Outpu1low voltage, Pl.61SCL, Pl.7/SDA 
IOL=3.0mA1 
0.4 
V 


VOH 
Output high voltage, ports 1, 2, 3 
IOH=-60lIA 
2.4 
V 


IOH=-2511A 
0.75Vee 
V 


VOOl 
Output high voltage, Port 0 in ex1emal bus mode, 
100 = -a001lA 
2.4 
V 
ALE, PSEIiI, RST 
IOH= -3001lA 
0.75Vee 
V 


IlL 
Logical 0 input current, ports 1, 2, 3, 
COCto 70'C 
VIN = 0.45V 
-50 
1IA 


except P1.61SCL, Pl.7/SDA 
-40'C 
to +85'C 
-75 
1IA 


ITL 
Logicall-to-O 
transition current, ports 1, 2, 3, 
O'C to 70'C 
See note 3 
--650 
1IA 
except Pl.61SCL, P1.7/SDA 
-40'C 
to +85'C 
-750 
1IA 


IILI 
Input leakage current, port 0 
VIN = VIL or VIH 
±10 
lIA 


11L2 
Input leakage current, Pl.61SCL, Pl.7/SDA 
OV<Vi<6.0V 
±10 
1IA 


OV<Vee<6.0V 
1IA 


Ice 
Power supply current: 
See note 4 


Active mode @ 16MHz 
OOCto 700C 
25 
mA 


-4QOC to +850C 
35 


Idle mode @ 16MHz 
OOCto 700C 
5 
mA 


-4QOC to +85OC 
6 
Power down mode 
50 
1IA 


RRST 
Intemal reset pull-down resistor 
50 
300 
kn 


CIO 
Pin Capacitance 
10 
pF 


NOTES: 
1. capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the VOLs of ALE and ports 1 and 3. The 
noise is due to ex1ernal bus capacitance discharging into the port and port 2 pins when these pins make l-to-O transactions during bus 
operations. In the worst cases (capacitive loading> 
1oopF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be 
desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE inpu1. Under steady state 
(non-transient) conditions,lOL 
must be ex1emally limited as follows: 10mA per port pin, port 0 total (all bits) 26mA, ports 1, 2, and total each 
(all bits) 15mA. 


2. Capacitive loading on Ports 0 and 2 may cause the VOH on ALE and PSEIiI to momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 


3. 
Pins of ports 1, 2, and 3 source a transition current when they are being ex1ernally driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 2V. 
4. See Figures 10 through 13 for Ice test conditions. 
5. The input threshold voltage of Pl.6 and Pl.7 (SI01) meets the 12Cspecification, so an input voltage below 1.5V will be recognized as a logic 


o while an input voltage above 3.0V will be recognized as a logic 1. 


16MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1/lcLCL 
1 
Oscillator frequency: 
Speed Versions 
87C528 
P878C528EXX 
3.5 
16 
MHz 


P878C528GXX 
3.5 
20 
MHz 


lLHLL 
1 
ALE pulse width 
85 
2lcLCL-40 
ns 


tAVLL 
1 
Address valid to ALE low 
8 
tCLCL-55 
ns 


lLlAX 
1 
Address hold after ALE low 
28 
tCLCL-35 
ns 


lLuv 
1 
ALE low to valid instruction in 
150 
4lcLCL-100 
ns 


tLLPL 
1 
ALE low to l'SEliIlow 
23 
tCLCL-40 
ns 


tpLPH 
1 
l'SEliI 
pulse width 
143 
3lcLCL-45 
ns 


tpuv 
1 
l'SEliIlow 
to valid instruction in 
83 
3lcLCL-105 
ns 


tPXIX 
1 
Input instruction hold after l'SEliI 
0 
0 
ns 


tpXIZ 
1 
Input instruction float after l'SEliI 
38 
tCLCL-25 
ns 


tAVIV 
1 
Address to valid instruction in 
208 
5lcLCL-105 
ns 


tpLAZ 
1 
l'SEliIlow 
to address float 
10 
10 
ns 


Data Memory 


tRLRH 
2,3 
rnJ pulse width 
275 
6tCLCL-100 
ns 


tWLWH 
2,3 
WR pulse width 
275 
6lcLCL-100 
ns 


tRLDV 
2,3 
rnJ low to valid data in 
148 
5lcLCL-165 
ns 


tRHDX 
2,3 
Data hold after rnJ 
0 
0 
ns 


tRHDZ 
2,3 
Data float after rnJ 
55 
2lcLCL-70 
ns 


tLLDZ 
2,3 
ALE low to valid data in 
350 
8lcLCL-150 
ns 


tAVDV 
2,3 
Address to valid data in 
398 
9tCLCL-165 
ns 


tLLWL 
2,3 
ALE low to rnJ or WR low 
138 
238 
3lcLCL-50 
3tCLCL+50 
ns 


tAvwL 
2,3 
Address valid to WR low or rnJ low 
120 
4tCLCL-130 
ns 


tavwx 
2,3 
Data valid to WR transition 
3 
lcLCL~O 
ns 


tWHQX 
2,3 
Data hold after WR 
13 
lcLCL-50 
ns 


tRLAZ 
2,3 
rnJ low to address float 
0 
0 
ns 


tWHLH 
2,3 
rnJ or WR high to ALE high 
23 
103 
lcLCL-40 
lcLCL+40 
ns 


External Clock 


lcHCX 
6 
High time 
20 
20 
ns 


lcLCX 
6 
Low lime 
20 
20 
ns 


lcLCH 
6 
Rise time 
20 
20 
ns 


tCHCL 
6 
Fall time 
20 
20 
ns 


Shift Register 


tXLXL 
4 
Serial port clock cycle time 
750 
12lcLCL 
ns 


tavXH 
4 
Output data setup to clock rising edge 
492 
1OlcLCL-133 
ns 


tXHQX 
4 
Output data hold after clock rising edge 
8 
2lcLCL-117 
ns 


tXHDX 
4 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
4 
Clock rising edge to input data valid 
492 
lOlcLCL-l33 
ns 
NOTES: 
1. 
Parameters 
are valid over operating 
temperature 
range 
unless 
otherwise 
specified. 
2. 
Load capacitance for port 0, ALE, and l'SEliI = 100pF, load capacitance for all other outputs = 80pF. 


SYMBOL 
PARAMETER 
INPUT 
OUTPUT 
12CSPECIFICATION 


SCL TIMING CHARACTERISTICS 


tHO;STA 
START condition hold time 
;, 14 tClCl' 
Note 2 
;'4.0f's 


tLOW 
SCL LOW time 
;, 16tClCl 
Note 2 
;'4.7f'S 


!HIGH 
SCL HIGH time 
;, 14tClCl' 
;, 80 tClCl3 
;'4.0f's 


tRC 
SCL rise time 
:;;1f's' 
Note 5 
:;;1.0f'S 


tFC 
SCL fall time 
:;;0.3f's' 
:;;0.3f'S6 
:;;0.3f's 


SDA TIMING CHARACTERISTICS 


tsu; DAT1 
Data set-up time 
;, 250ns 
Note 2 
;, 250ns 


!Ho; DAT 
Data hold time 
;'Ons 
Note 2 
;'Ons 


tsu; STA 
Repeated START set-up lime 
;, 14tClCl' 
Note 2 
;, 4.7f's 


tsu; STO 
STOP condition set-up lime 
;, 14tClCl' 
Note 2 
;, 4.0f's 


tBUF 
Bus free time 
;, 14tClCl' 
Note 2 
;'4.7f's 


tRO 
SDA rise time 
:;;1f's' 
Note 5 
:;;1.0f's 


tFO 
SDAfalitime 
< 0.3f's' 
< 0.3f's 6 
< 0.3f's 


NOTES: 
1. At fClK = 3.5MHz, this evaluates to 14 x 286ns = 4f's, i.e., the bit-level 12Cinterface can respond to the 12Cprotocol for fClK;' 
3.5MHz. 
2. This parameter is detenmined by the user software, it has to comply with the 12C. 
3. This value gives the autoclock pulse length which meels the 12Cspecification for the specified XTAL clock frequency range. Altematively, the 
SCL pulse may be timed by software. 


4. 
Spikes on SDA and SCL lines with a duration of less than 4 x fClK will be filtered out. 


5. The rise time is determined by the external bus line capacitance and pull-up resistor, it must be :;;1f's. 
6. The maximum capacitance on bus lines SDA and SCL is 400pF. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
Q - 
Output data 
first character is always 'f (= time). The other 
R - RU signal 
characters, depending on their positions, 
t 
- Time 
indicate the name of a signal or the logical 
V - 
Valid 
status of that signal. The designations are: 
W- 
WR signal 


A - Address 
X - 
No longer a valid logic level 


C - 
Clock 
Z - 
Float 


D - 
Input data 
Examples: 
tAVLL 


H - 
Logic level high 
I - 
Instruction (program memory contents) 
L - 
Logic level low, or ALE 


p- 
PSEN 


Time for address valid 
to ALE low. 
Time for ALE low to 
PSENlow. 


r- IXLXL-1 


INPUT 
DATA 
~' 


CLEAR 
AI 


SCL 


(INPUT/OUTPUT 


) 


VOO-o·S - 


O.45V 


teHC 


IClCH 


VOO-oS=X 
>C 
o 2VOO+O9 


o 45V 
.~O_2_V-,O",O-O,-_' 
~ 


TIMING 


REFERENCE 
POINTS 


NOTE: 


AC inputs 
during 
testing 
are driven 
at VOO -0.5 
for a logic '1' and O.45V for a logic '0', 


Timing 
measurements 
are made at VIH min for a logic '" 
and VIL for a logic '0'. 


NOTE: 
For liming 
purposes, 
a port is no longerfloaling 
when 
a 100mV 
change 
from 
load 


vohage 
occurs, 
and begins 
10 float when a 100mV 
change 
from the loaded 
VoH! 


VOL 
level occurs. loHfloL ~ ± 20mA 


Figure 9. lee vs. FREQ. 


Valid only within 
frequency 
specifications 
of the device under test 


Figure 10. 100Test Condition, 
Active Mode 


All other pins are disconnected 
Figure 11. 100 Test Condition, 
Idle Mode 


All other pins are disconnected 


VDO-o·5 
- 
- 
- 
- 
O.7VOO 


O.4SV 
O.2VOD-o.1 


Figure 12. Clock Signal Waveform 
for 


100 Tests in Active and Idle Modes 
tCLCH= tCHCL= 5ns 


Figure 13. 100Test Condition, 
Power Down Mode 


All other pins are disconnected. 
VDD= 2V to 5.5V 


NOTE: 


·Ports 1.6 and 1.7 should be connected to VDDthrough resistors of sufficiently high value such that the sink current into these pins does not 
exceed the lOLl specifications. 


EPROM CHARACTERISTICS 
The 87C528 is programmed by using a 
modified Quick-Pulse Programming'· 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEIF'Fl:lJGpulses. 


The 87C528 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C528 manufactured by Philips. 


Table 4 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the lock bits. The circuit configurafion and 
waveforms for quick-pulse programming are 


shown in Figures 14 and 15. Figure 16 shows 
the circuit configuration for normal program 
memory verification. 


Quick-Pulse 
Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 14. Note that 
the 87C528 is running with a 4 to 6MHz 
oscillator The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 


The address of the EPROM location to be 
programmed is applied to ports 1, 2 and 3, as 
shown in Figure 14. The code byte to be 
programmed into that location is applied to 
port O.RST, I'"SEJil and pins of ports 2 and 3 
specified in Table 4 are held at the 'Program 
Code Data' levels indicated in Table 4. The 


ALEIF'ROO is pulsed low 25 times as shown 
in Figure 15. 


To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 3FH, using the 'Pgm 
Encryption Table' levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 


To program the lock bits, repeat the 25 pulse 
programming sequence using the 'Pgm Lock 
Bit' levels. Aller one lock bit is programmed, 
further 
programming 
of the code memory 
and 


encryption table is disabled. However, the 
other lock bit can still be programmed. 


Note that the EAlVpp pin must not be 
allowed to 90 above the maximum specified 
Vpp level for any amount of time. Even a 
narrow glitch above that voltage can cause 
permanent damage to the device. The Vpp 
source should be well regulated and free of 
glitches and overshoot. 


Program Verification 
If lock bit 2 has not been programmed, the 
on-chip program memory can be read out for 
program verification. The address of the 
program memory locations to be read is 
applied to ports 1, 2 and 3 as shown in 
Figure 16. The other pins are held at the 
'Verify Code Data' levels indicated in Table 4. 
The contents of the address location will be 
emitted on port o. External pull ups are 
required on port 0 for this operation. 


If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 


correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 
The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 


(030H) = 
15H indicates manufactured by 
Philips 
(031 H) = 9BH indicates 87C528 


Program Lock Bits 
The 87C528 has 3 programmable lock bits 
that will provide different levels of protection 
for the on-chip code and data (see Table 5). 


Erasing the EPROM also erases the 
encryption array and the program lock bits, 
returning the part to full functionality. 


ProgramNerify 
Algorithms 
Any algorithm in agreement with the 
conditions listed in Table 4, and which 
satisfies the timing specifications, is suitable. 


Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary 
effects, 
it 
is recommended 
that an opaque label be 


placed over the window. 
For elevated 


temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-sec/cm2. Exposing the EPROM to an 
ultraviolet lamp of 12,000~W/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. Erasure leaves the 
array in an all 1 s state. 


MODE 
RST 
PSEN 
ALEIPROG 
EAApp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program code data 
1 
0 
o· 
Vpp 
1 
0 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 


Pgm encryption table 
1 
0 
O· 
Vpp 
1 
0 
1 
0 


Pgm lock bit 1 
1 
0 
O· 
Vpp 
1 
1 
1 
1 


pgm lock bit 2 
1 
0 
O· 
Vpp 
1 
1 
0 
0 


Pgm lock bit 3 
1 
0 
O· 
Vpp 
0 
1 
0 
1 


NOTES: 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 
2. Vpp = 12.75V ±0.25V. 
3. Vcc = 5V ±10% during programming and verification. 
ALEIPROO receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 100~s C±10~s)and high for a 
minimum of 1O~s. 


PROGRAM LOCK BITS1,2 


LB1 
LB2 
LB3 
PROTECTION DESCRIPTION 


1 
U 
U 
U 
No Program Lock features enabled. (Code verify will still be encrypted by the Encryption Array if programmed.) 


2 
P 
U 
U 
MOVC instructions executed from external program memory are disabled from fetching code bytes from 
Internal memory, EA is jumped and latched on Reset, and further programming of the EPROM Is disabled. 


3 
P 
P 
U 
Same as 2, also verify is disabled. 


4 
P 
P 
P 
Same as 3, extemal execution is disabled. Internal data RAM is not accessible. 


NOTES: 
1. P - programmed. 
U - unprogrammed. 
2. Any other combination of the lock bits is not defined. 


Vcc 


PI 
PO 


RST 
EJWpp 


P3.6 
ALEII'ROG 


P3.7 
87C528 
1'SEfl 


XTAl2 
P2.7 


P2.6 


XTALl 
P2.Q-P2.5 


VSS 
P3.4 


I 
"'-- 


10J.lS MIN --1 1..----- 
1~s±10 -----·1 


Ol 
n 
~ 


Vcc 


AQ-A7 
PI 
PO 
PGM DATA 


RST 
EJWpp 


P3.6 
ALEIPROO 


P3.7 
87C528 
1'SEfl 


XTAl2 
P2.7 
o EI"IJ'Jl[E 


P2.6 


XTAll 
P2.o-P2.5 
AS-A13 


VSS 
P3.4 
A14 


Figure 16. Program Verfication 


EPROM PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


lamb; 
21°C to +27"C, Vcc; 
5V±10%, VSS; 
OV (See Figure 17) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming supply voltage 
12.5 
13.0 
V 


Ipp 
Programming supply current 
50 
mA 


1/teLCL 
Oscillator frequency 
4 
6 
MHz 


tAVGL 
Address setup to moo low 
48tCLCL 


tGHAX 
Address hold after moo 
48tCLCL 


tDVGL 
Data setup to moo low 
48tCLCL 


tGHDX 
Data hold after moo 
48tCLCL 


tEHSH 
P2.7 (EIil7\ffi:E') high to Vpp 
48teLCL 


tSHGL 
Vpp setup to moo low 
10 
I's 


tGHSL 
Vpp hold after moo 
10 
I'S 


tGLGH 
moo width 
90 
110 
I's 


tAVQV 
Address to data valid 
48teLCL 


tELQZ 
EIil7\ffi:E' low to data valid 
48tCLCL 


tEHQZ 
Data float after EIil7\ffi:E' 
0 
48tCLCL 


tGHGL 
moo high to moo low 
10 
Ils 


Purchase 
of Philips' 
12C components 
conveys 
a license under the 
Philips' 
12C patent to use the components 
in the 12C-system 


provided 
the system conforms 
to the 12C specifications 
defined 
by Philips. 


• 80C51 central processing unit 


• 32K x 8 ROM resp. FEEPROM, expandable 


externally to 64 kby1es 


• ROM/FEEPROM code protection 


• 512 x 8 RAM, expandable externally to 64 kby1es 


• Four 8-bit I/O ports 


• Full-duplex UART compatible with the standard 


8OC51 and the 8052 


• Two standard 16-bit timer/counters 


• An additional 16-bit timer (functionally equivalent to 


the timer 2 of the 8052) 


• On-chip Watchdog Timer (WOT) with an on-chip 


oscillator 


• Bit-level FC-bus hardware serial I/O Port 


• 7-source and 7-vector interrupt structure with 2 


priority levels 


• Up to 3 external interrupt request inputs 


• Two programmable power reduction modes (Idle and 


Power-down) 


• Termination of Idle mode by any interrupt: external or 


WOT (watchdog) reset 


• Wake-up from Power-down by external interrupt, 
external or WOT reset 


• Software enable/disable of ALE output pulse 


• Electro-Magnetic Compatibility (EMC) improvements 


• XTAL frequency range: 3.5 MHz to 16 MHz 


• 4.5 to 5.5 V supply voltage range 


• Extended Temperature range (-40 to +85 °C) 


2 GENERAL DESCRIPTION 


The P83CE528; P80CE528; P89CE528 (hereafter 
generically referred to as P8xCE528) single-ehip 8-bit 
microcontroller is manufactured in an advanced CMOS 
process and is a derivative of the PCB80C51 
microcontroller family. 


The P8xCE528 has the same instruction set as the 
80C51. Three versions of the derivative exist: 


• P83CE528: 32 kby1es mask programable ROM 


• P8OCE528: ROMless version of the P83CE528 


• P89CE528: 32 kby1es FEEPROM (Flash Electrically 


Erasable Program Memory). 


This device provides architectural enhancements that 
make it applicable in a variety of applications in general 
control systems, especially in those systems which need 
a large ROM and RAM capacity on chip. 


The P8xCE528 contains a non-volatile 32K x 8 read-only 
program memory (P83CE528) or FEEPROM 
(P89CE528), a volatile 512 x 8 read/write data memory, 
four 8-bit I/O ports, two 16-bit timer/event counters 
(identical to the timers of the 80C51 ). a 16-bit timer 
(identical to the timer 2 of the 8052), a multi-source. 
two-priority-Ievel, nested interrupt structure, two serial 
interfaces (UART and bit-level FC-bus), an on-Chip 
oscillator and timing circuits. a watchdog timer (WOn 
with a separate on-ehip oscillator. For systems that 
require extra capability, the P8xCE528 can be expanded 
using standard TTL compatible memories and logic. 


In addition, the P8xCE528 has two software selectable 
modes of power reduction - Idle mode and Power-down 
mode. The Idle mode freezes the CPU while allowing the 
RAM, timers, serial ports and interrupt system to 
continue functioning. The Power-down mode saves the 
RAM contents but freezes the oscillator, causing all other 
chip functions to be inoperative. 


The device also functions as an arithmetic processor 
having facilities for both binary and BCO arithmetic plus 
bit-handling capabilities. The instruction set consists of 
over 100 instructions: 49 one-by1e, 45 two-by1e and 17 
three-by1e. With a 16 MHz crystal, 58% of the 
instructions are executed in 0.75 I!s and 40% in 1.5 I!s. 
Multiply and divide instructions require 3 I!s. 


3 ELECTROMAGNETIC 
COMPATIBILITY (EMC) 


Primary attention is paid to the reduction of 
electro-magnetic emission of the microcontroller 
P8xCE528. The following features reduce the 
electro-magnetic emission and additionally improve the 
electromagnetic susceptibility: 


• Two supply voltage pins (Voo1;2) and four ground pins 


(VSS1;2;3;') are provided on the package as follows: 


- one Voo and one Vss as a pair of pins placed 


mid-centre on one side of the package 


- a second pair of Voo and Vss pins placed 


mid-centre on the opposite side of the package 


- two more Vss pins, one placed on each of the other 
two sides of the package. 


• Separated VDO pins for the internal logic and the port 


buffers. 


• Internal decoupling capacitance improves the EMC 


radiation behaviour and the EMC immunity. 


• External capacitors are to be located as close as 


possible between pins Voo1 and VSS1 as well as Voo2 
and VSS3; ceramic chip capacitors are recommended 
(100 nF). 


For applications that require no external memory or 
temporarily no external memory: the ALE output signal 
(pulses at a frequency of fose/6)can be disabled under 
software control (bit 5 in the PCON SFR: "RFI"); if 
disabled, no ALE pulse will occur. ALE pin will be pulled 
down internally, switching an external address latch to a 
quiet state. The MOVX instruction will still toggle ALE as 
a normal MOVX. ALE will retain its normal HIGH value 
during Idle mode and a LOW value during Power-down 
mode while in the "RFI" reduction mode. 


Additionally during internal access (EA = 1) ALE will 
toggle normally when the address exceeds the internal 
program memory size. During external access (EA = 0) 
ALE will always toggle normally, whether the flag "RFI" is 
set or not. 


EXTENDED 
PACKAGE 
TEMPERATURE 
FREQUENCY 
TYPE NUMBER 
PINS 
PIN POSITION 
MATERIAL 
CODE 
RANGE (OC) 
(MHz) 


ROMless 


P80CE528EBB 
44 
QFP 
plastic 
SOT307-2 
o to +70 
3.5 to 16 


P80CE528EFB 
44 
QFP 
plastic 
SOT307-2 
-40 to +85 
3.5 to 16 


P80CE528EBA 
44 
PLCC 
plastic 
SOT187 
o to +70 
3.5 to 16 


P8OCE528EFA 
44 
PLCC 
plastic 
SOT187 
-40 to +85 
3.5 to 16 


ROM 


P83CE528EBB 
44 
QFP 
plastic 
SOT307-2 
o to +70 
3.5 to 16 


P83CE528EFB 
44 
QFP 
plastic 
SOT307-2 
-40 to +85 
3.5 to 16 


P83CE528EBA 
44 
PLCC 
plastic 
SOT187 
o to +70 
3.5 to 16 


P83CE528EFA 
44 
PLCC 
plastic 
SOT187 
-40 to +85 
3.5 to 16 


FEEPROM 


P89CE528EBA 
44 
I 
PLCC 
plastic 
SOT187 
o to +70 
3.5 to 16 


P89CE528EFA 
44 
I 
PLCC 
I 
plastic 
SOT187 
-40 to +85 
3.5 to 16 


frequency 
reference 
~ 


XTAl2 
XTAl1 


OSCILLATOR 


AND 
T1MIN9 


INTO 
INTl 
~ 


external 
interrupts 
shared 
with Port 3 


counter 
inputs 
shared 
with Port 3 
shared 
with Port ,. 


~ 
~ 
VDD 
VSS 
TO 
T1 
T2 
T2EX 
RST 


DATA 
DATA 
TWO 
16-BIT 
MEMORY 
16-BIT 
WATCHDOG 
MEMORY 
(256 x 8 
TIMERIEVENT 
TIMER 
TIMER 
(256 x 8 RAM) 
AUX RAM) 
COUNTERS 


P83CE528 
PSOCE528 
P89CE528 


(1) not present 
in P8OCE528 


(2) only present 
in P89CE528 


parallel 
ports, 


address/data 
bus 


and 110 pins 


SDA 
SCL 
'-v----' 


shared 
with Port 1 


"U 


CO 
~ 
-6" 
I 
(J) 
c:r 
(f) 
;:::+ 
CD3 
3 
0" 
0 
O· 
:0C. 
~ 
c: 
0 
& 
0 
iil 
0 
s: 
::J 
0" 
- 
" 
~ 
() 
0 
0:0 
(1) 
[ 
~ 
~ 
:E 
"U 
;:::+ 
" 
c. 
::T 
c: 
() 
m 
0; 


s: 
() 
III 
::J0- 
Ilmm 
"U 
JJ0s: 


VSS 
VDD 
RST 


XTAL1 
+-+ 
+-+ 


XTAl2 
+-+ 
+-+ 


+-+ 
+-+ 


+-+ 
+-+ 
address 
and 
PortO 
databus 
+-+ 
+-+ 


+-+ 
+-+ 
+-+ 
+-+ 


EA 
+-+ 
+-+ 
+-+ 
- 
T2 


PSEN 
+-+ 
- 
T2EX 


+-+ 


ALE 
+-+ 
P8xCE528 
Port, 
+-+ 
+-+ 


+-+ 
+-+SCL 


+-+ 
+-+SDA 


RXD/data--+ 
+-+ 
--+ 
TXDI clock _ 
+-+ 
--+ 


INTO--+ 
+-+ 
--+ 


alternative 
INT1--+ 
+-+ 
--+ 


functions 
Port3 
Port2 
address 
bus 
TO--+ 
+-+ 
--+ 


T1--+ 
+-+ 
--+ 


WR_ 
+-+ 
--+ 
Ri5_ 
+-+ 
--+ 


ML8357 


Philips 
Semiconductors 
Microcontrolier 
Products 
Preliminary 
specification 


8-bit microcontroller 
with EMC and FEE PROM 
P8xCE528 


5 PINNING INFORMATION 


5.1 Pinning 


x 
0 
N 
M 
W 
0 
N 
N 
0 
0 
0 


t:: 
t:: 
M 
N .. ~ .. ~ 
"': 
CO! ~ 
q 
'" 


0 0 
N 


;;: 
;;: 
;;: 
;;: 
;;: 
>'" 
0 
0 
0 
0 
0 
> 
0. 
0. 
0. 
0. 


PO.4/AD4 


Pl.61SCL 
PO.51ADS 


P1.7ISDA 
PO.61AD6 


PO.7/AD7 


P3.0fdatalRXD 
EA 


VSS4 
P83CE528 
VSS2 
P80CE528 


ALE 


P3.21INTO 
PSEN 


P3.31INTl 
P2.7/A1S 


P3.4ITO 
P2.61A14 


P3.5ITl 
P2.51A13 


ML8075 


~ I~ ~ -' 
C;; 
0 '" 
'" 


0 
N 
;:: .. .. 
'" 
0 ~ ~ 
:;: 
:;: ~ 
~ 
>- 
>- 
> 
> 
N 
N 
N 
i'I 
M 
M 
x 
X 
0. 
0. 
N 
N 
N 
0. 
0. 
0. 
0. 
0. 


x 
8 
S 8 
w 
15 
'" ~ 
~ 
.., S 1§ ~ ~ ~ 
"': 
"l 
~ 
Vl 
a: a: a: a: a: 
Vl 
0 ~ ~ ~ ~ 
> 
> 


RST 


P3.OIdatalRXD 


VSS4 


P3. , /ciockfT)( 0 


P3.211NTO 


P3.31INTl 


P3.4ITO 


P3.5IT1 


P83CE528 
P8OCE528 
P89CE528 


SYMBOL 
PIN 
DESCRIPTION 


P1.0to 
P1.7 
40t044 
Port 1: 8-bit quasi-bidirectional 
I/O Port. Port 1 can sink/source one 


1 to 3 
TTL (= 4 LSTTL) input. It can drive CMOS inputs without external 
pull-ups, except P1.6 and P1.7 which have open drain outputs. 


Port 1 alternative 
functions: 


P1.0rr2 
40 
Timer/event counter 2 external event counter input (falling edge 
triggered) . 


P1.1rr2EX 
41 
Timer/event counter 2 capture/reload trigger or external interrupt 2 
input (falling edge triggered). 


P1.6/SCL 
2 
12C-bus Serial Port clock line. 


P1.7/SDA 
3 
12C-bus Serial Port data line. 


RST 
4 
RESET: a HIGH level on this pin for two machine cycles while the 
oscillator is running, resets the device. An internal pull-down resistor 
permits power-on reset using only a capacitor connected to Voo' 
After a WDT overflow this pin is pUlled HIGH while the internal reset 
signal is active. 


P3.0 to P3.7 
5, 7to 
13 
Port 3: 8-bit quasi-bidirectional 
I/O Port with internal pUll-ups. 


Port 3 can sink/source one TTL (= 4 LSTTL) input. It can drive 
CMOS inputs without external pull-ups. 


Port 3 alternative 
functions: 


P3.0/RXD/data 
5 
Serial Port data input (asynchronous) or data input'output 
(synchronous). 


P3.1rrXD/clock 
7 
Serial Port data output (asynchronous) or clock output 
(synchronous). 


P3.2/INTO 
8 
External interrupt 0 or gate control input for timer/event counter O. 


P3.3/INT1 
9 
External interrupt 1 or gate control input for timer/event counter 1. 


P3.4rrO 
10 
External input for timer/event counter O. 


P3.5fT1 
11 
External input for timer/event counter 1. 


P3.6/WR 
12 
External data memory write strobe. 


P3.7/RD 
13 
External data memory read strobe. 


The generation or use of a Port 3 pin as an alternative function is 
carried out automatically by the P8xCE528 provided the associated 
Special Function Register (SFR) bit is set HIGH. 


XTAL2 
14 
Crystal pin 2: output of the inverting amplifier that forms the 
oscillator. This pin left open-eircuit when an external oscillator clock 
is used (see Figures 15 and 16). 


XTAL1 
15 
Crystal pin 1: input to the inverting amplifier that forms the 
oscillator, and input to the internal clock generator. Receives the 
external oscillator clock signal when an external oscillator is used 
(see Figures 15 and 16). 


VSS1;2;3;4 
16,28,39,6 
Ground: circuit ground potential. All pins must be connected. 


SYMBOL 
PIN 
DESCRIPTION 


P2.0 to P2.7 
18t025 
Port 2: 8-bit quasi-bidirectional 
I/O Port with internal pull-ups. 


During access to external memories (RAM/ROM) that use 16-bit 
addresses (MOVX @DPTR) Port 2 emits the higtHlrder 
address 


byte (A8 to A15). Port 2 can sink/source one TTL (= 4 LSTTL) input. 
It can drive CMOS inputs without external pull-ups. 


PSEN 
26 
Program Store Enable output: 
read strobe to the external 


program memory via Port 0 and Port 2. It is activated twice each 
machine cycle during fetches from external program memory. When 
executing out of external program memory two activations of PSEN 
are skipped during each access to external data memory. PSEN is 
not activated (remains HIGH) during no fetches from external 
program memory. PSEN can sink/source 8 LSTTL inputs. It can 
drive CMOS inputs without external pull-ups. 


ALElWE 
27 
Address 
Latch Enable output: 
latches the LOW byte of the 


address during access to external memory in normal operation. It is 
activated every six oscillator periods except during an external data 
memory access. ALElWE can sink/source 8 LSTTL inputs. It can 
drive CMOS inputs without an external pull-up (note 1). 


EA 
29 
External Access input: when during RESET, EA is held at a TTL 
HIGH level, the CPU executes out of the internal program ROM, 
provided the program counter is less than 32768. When EA is held 
at a TTL LOW level during RESET, the CPU executes out of 
external program memory via Port 0 and Port 2. EA is not allowed 
to float. EA is latched during RESET and don't care after RESET. 


PO.Oto PO.7 
30 to 37 
Port 0: 8-bit open drain bidirectional I/O Port. It is also the 
multiplexed low-order address and data bus during accesses to 
external memory (ADOto AD7). During these accesses internal 
pull-ups are activated. Port 0 can sink/source 8 LSTTL inputs. 


VOO1;2 
Power supply: 
+5 V power supply pin during normal operation and 
power reduction modes. Both pins must be connected. 


Voo, 
17 
Power supply pin for ports, ALE, PSEN and on-chip oscillator. 


VOC2 
38 
Power supply pin for internal logic. 


To avoid a latch-up effect at power-on, the voltage on any pin (at 
any time) must not be higher than Voo +0.5 V or lower than 
V55 -0.5 V respectively. 


Note 


1. 
To prohibit the toggling of ALElWE pin (RFI noise reduction) the bit RFI in the PCON register (PCON.5) must be 
set by software. This bit is cleared on RESET and can be cleared by software. When set, ALElWE pin will be 
pulled down internally, switching an external address latch to a quiet state. The MOVX instruction will still toggle 
ALElWE as a normal MOVX. ALElWE will retain its normal HIGH value during Idle mode and a LOW value during 
Power-down mode while in the "RFI" mode. Additionally during internal access (EA = 1) ALElWE will toggle 
normally when the address exceeds the internal program memory size. During external access (EA = 0) ALElWE 
will always toggle normally, whether the flag "RFI" is set or not. 


6 FUNCTIONAL 
DESCRIPTION 


6.1 General 


The P8xCE528 is a stand-alone high-performance 
microcontroller 
designed for use in real time applications 
such as instrumentation, 
industrial control, medium to 


high-end consumer applications and specific automotive 
control applications. 


In addition to the 80C51 standard functions, the device 
provides a number of dedicated hardware functions for 
these applications. The P8xCE528 is a control-oriented 
CPU with on-ehip program and data memory. It can be 
extended with external program memory up to 64 kbytes. 
It can also access up to 64 kbytes of external data 
memory. For systems requiring extra capability, the 
P8xCE528 can be expanded using standard memories 
and peripherals. 


The P8xCE528 has two software selectable modes of 
reduced activity for further power reduction: Idle and 
Power-down. The Idle mode freezes the CPU while 
allowing the RAM, timers, serial ports and interrupt 
system to continue functioning. The Power-down mode 
saves the RAM contents but freezes the oscillator 
causing all other chip functions to be inoperative except 
the WDT if it is enabled. The Power-down mode can be 
terminated by an external reset, a WDT overflow, and in 
addition, by either of the two external interrupts. 


6.2 Memory Organization 


The central processing unit (CPU) manipulates operands 
in three memory spaces; these are the 64 kbyte external 
data memory (of which the lower 256 bytes reside in the 
internal AUX-RAM), 512 byte internal data memory 
(consisting of 256 bytes standard RAM and 256 bytes 
AUX-RAM) and the 64 kbyte internal and external 
program memory. 


6.2.1 PROGRAMMEMORY 


The program memory of the P8xCE528 consists of 
32 kbyte of ROM respectively FEEPROM ("Flash 
Memory") o~hip, 
externally expandable up to 64 kbyte. 


If the EA pin was HIGH during RESET, the P8xCE528 
executes out of the internal program memory unless the 
address exceeds 7FFFH. Locations 8000H through 
OFFFFH are then fetched from the external program 
memory. If the EA pin was LOW during RESET, the 
P8xCE528 fetches all instructions from the external 
program memory. The EA input level is latched during 
RESET and is don't care after RESET. Figure 5 
illustrates the program memory address space. 


By setting a mask programmable security bit (ROM) 
respectively software programmable security byte 
(FEE PROM) the internal memory content is protected 
Le. it cannot be read out by any test mode or by any 
instruction in the external program memory space. The 
MOVC instructions are the only ones which have access 
to program code in the internal or external program 
memory. The EA input is latched during RESET and is 
don't care after RESET. This implementation prevents 
reading from internal program code by switching from 
external program memory to internal program memory 
during MOVC instruction or an instruction that handles 
immediate data. Table 1 lists the access to the internal 
and external program memory by the MOVC instructions 
when the security feature has been activated. If the 
security feature is not activated, there are no restrictions 
for the MOVC instructions. 


INSTRUCTION 
ACCESS TO INTERNAL 
ACCESS TO EXTERNAL 
PROGRAM MEMORY 
PROGRAM MEMORY 


Move 
in internal program me~ory 
YES 
YES 


MOVe in external program memory 
I 
NO 
YES 


EXTERNAL 


(fA.O) 


INTERNAL 


(fA.1) 


~ 
EXTERNAL 
DATA MEMORY 


6.2.2 INTERNALDATAMEMORY 


The internal data memory is divided into three physically 
separated parts: 256 byte of Main RAM, 256 byte of 
AUX-RAM, and a 128 byte special function area (SFR) 
see Table 2. These parts can be addressed as follows: 


• Main RAM 0 to 127 can be addressed directly and 


indirectly as in the 80C51. Address pointers are RO 
and R1 of the selected register bank. 


• Main RAM 128 to 255 can only be addressed 


indirectly. Address pointers are ROand R1 of the 
selected register bank. 


• AUX-RAM 0 to 255 is indirectly addressable in the 


same way as the external Data Memory locations 0 to 
255 with the MOVX instructions. Address pointers are 
ROand R1 of the selected register bank and DPTR. 
When executing from internal program memory, an 
access to AUX-RAM 0 to 255 will not affect the Ports 
PO,P2, P3.6 and P3.7. 


• An access to external Data Memory locations higher 
than 255 will be performed with the MOVX DPTR 
instructions in the same way as in the 80C51 
structure, i.e. with POand P2 as data/address bus 
and P3.6 and P3.7 as write and read strobe signals. 
Note that it is impossible to access the external Data 
Memory with RO, R1 or DPTR < 256 as address 
pointer. 


• The SFRs can only be addressed directly in the 


address range from 128 to 255 (Figure 6 illustrates 
the SFRs memory map). 


Four 8-bit register banks occupy locations 0 through 31 
in the lower RAM area. Only one of these banks may be 
enabled at a time. The next 16 bytes, locations 32 
through 47, contain 128 directly addressable bit 
locations. The stack can be located anywhere in the 
internal 256 byte RAM. The stack depth is only limited by 
the available internal RAM space of 256 bytes. All 
registers except the Program Counter and the four 8-bit 
register banks reside in the SFR address space. 


LOCATION 
ADDRESSED 


Main RAM 0 to 127 
DIRECT and INDIRECT 


AUX-RAM 0 to 255 
INDIRECT only with MOVX 


Main RAM 128 to 255 
INDIRECT only 


SFR 128t0255 
DIRECT only 


REGISTER 
BIT MNEMONIC 
I 
DIRECT 
BYTE 
MNEMONIC 
61T ADDRESS 
(HEX) 
ADDRESS 
(HEX) 


~, 
,~ 


I 
I 


I 
I 


T3 ,[ 
,[ 
FFH 


(')FMCON 1 
'I 


F6H 


6 1 


F7 
F6 
F5 
F4 
F3 
F2 
Fl 
FO 'I 


FOH 


ACC 'I 


E7 
E6 
E5 
E4 
E3 
E2 
El 
EO ], 
EOH 


SllNT 
DAH 


S1BIT 
D9H 


SOU 
SOC 


S'SCS 
OF 
D8H 


CY 
PSW 
07 
DOH 


TH2I 


CDH 


TL2 
CCH 


RCAP2H 
CSH 


RCAP2L 
CAH 


TF2 
T2CON 
CF 
C8H 


IP 
6F 
B8H 


P3 1 


67 
B6 
55 
54 
B3 
62 
61 
BO '[ 
BOH 


SFRs containing 
directly addressable 


IE 
ASH 
bits 


WDCON 
ASH 


P2 
A7 
A6 
A5 
A4 
A3 
A2 
A' 
AO 
AOH 


SBUF 
99H 


SCON 
98H 


P, 
97 
96 
95 
94 
93 
92 
9' 
90 
90H 


THI 
8DH 


THO 
8CH 


TL1 
8SH 


TLO 
8AH 


TMOD 
89H 


TF, 
TCON 
8F 
88H 


PCON 
87H 


I 
I 


, 


DPH 
83H 
DPL 
82H 
SP 
8'H 


PO 
87 
I 
86 
85 
84 
83 
82 
8' 
80 
SOH 


(1) Only in P89CE528 
...- 


Fig.6 Special Function Registers (SFR) memory map. 


NOTE: 
For details on the Timers, 
I/O, UART, WatchDog 
Timer, 12Cinterface, 
interrupt 
structure 
and reduced 


power modes, please refer to the 8XC528 
data sheet in this handbook. 


7 FLASH EEPROM 


7.1 General 


The FEEPROM (Flash Memory) can be read and written 
byte-wise. Full erase, block erase, and page erase will 
erase 32 kbyte, 256 bytes and 32 bytes respectively. 
In-circuit programming and out-of-circuit programming is 
possible. On-chip erase and write timing generation and 
on-chip high voltage generation provide the following 
user friendly interface: 


• 32 kbyte electrically erasable program memory with 


block and page-erase option 


• Internal fixed Boot ROM 


• Up to 32 kbyte external program memory in 


combination with the internal FEEPROM (EA = 1) 


• Up to 64 kbyte external program memory if the 


internal program memory is switched off (EA = 0). 


• Read: byte-wise 


• Write: 
byte-wise within 2.5 ms (previously erased by 


a page, block or full erase) 


• Erase: 


- Page Erase (32 bytes) within 5 ms 


- Block Erase (256 bytes) within 5 ms 


- Full Erase (32 kbyte) within 5 ms 


- 
Erased bytes contain FFH 


• Endurance: 
100 erase and write cycles each byte at 


Tamb = 22°C 


• Retention: 
10 years 


• Out-of-circuit programming: 
parallel programming 


with 87C51 compatible hardware interface to 
programmer 


• In-circuit programming: 


- Serial programming via RS232 interface under boot 


ROM program control 


- Auto baud rate selection 


- Intel Hex Object File Format 


• The user program can call all routines in the boot 


ROM for erase, write and verify of the FEEPROM 


• HIGH programming voltage generation on chip 


• Zero point on-chip oscillator and timer to generate the 


write and erase time durations 


• Programmable security for the code in the FEEPROM 


to prevent software piracy. The security byte is 
located in the highest address (7FFFH) of the 
FEEPROM 


• Supply voltage monitoring circuit on-chip to prevent 


loss of information in the FEEPROM during power-on 
and power-off. 


7.3 Memory Map 


Figure 8 
illustrates the memory map of the user 


program memory and the boot ROM. They are located in 
the same program memory address space. Two bits 
UBS1 and UBSOof the FEEPROM control special 
function register FMCON select between the two 
memory blocks. 


7.3.1 
USERPROGRAMMEMORYSELECTION 


If UBS1 and UBSO are both logic 0, then the user 
program memory is mapped into the 64K program 
memory space and the boot ROM cannot be selected. 
This is the situation after a reset when PSEN and ALE 
have not been pulled down during reset. Program 
execution starts at OOOOHin the internal FEEPROM or in 
the external program memory dependent on the level of 
EA during reset. 


7.3.2 BOOTROM SELECTION 


If UBS1 and UBSO are both logic 1 (boot mode) the boot 
ROM is mapped into the 64K program memory space 
and the user program memory cannot be selected. This 
is the situation after a reset when during reset PSEN and 
EA are pulled down while ALE stays HIGH. Program 
execution starts at OOOOHof the boot ROM. The boot 
ROM size is 1 kbyte. Besides the serial in-circuit 
programming routines the boot ROM contains the 
routines for erase, write and verify of the FEEPROM 
which can be called by the user program (LCALL to the 
address space between 63K and 64K). 


64K 
(2) 


63K 
----- 


EXTERNAL 
PROGRAM 
EXTERNAL 
MEMORY 
PROGRAM 


(EA-X) 
MEMORY 


32K 
~ 
SECURITY 


BYTE 


7FFFH 
----- 
31K 
----- 


EXTERNAL 
PROGRAM 
INTERNAL 


MEMORY 
PROGRAM 


(EA -0) 


MEMORY 


(EA - 1) 
2K 
----- 
BOOT ROM 


1K 
----- 


BOOT ROM 


0 
0 
~ 
ML8081 


user program 
memory 
~. 
UBS1, UBSO 
bootltest 
ROM 
user-boot 
selection 
bits 


(1) 
UBS 1 is cleared by hardware if program address is < 63K and UBSO = O. 


(2) 
With the program address between 63K and 64K in the user program no call or jump to the boot ROM is 
allowed. 


7.3.3 SWITCHING 
BETWEEN 
USER 
PROGRAM 
MEMORY 
AND 


BooT ROM 


Switching between user program memory (internal or 
external) and boot ROM is possible if UBS1 and UBSO 
are 0 1 or 1 O.Then in the program memory address 
space between 0 and 63K the user program memory is 
selected and in the memory space between 63K and 
64K the boot ROM is selected. 


To switch from user program memory to boot ROM first 
UBSO must be set (UBS 1 stays 0) and a jump or call 
instruction to a location> 
63K must be executed. At the 


moment of crossing the 63K address border by a call or 
jump instruction the switching between user and boot 
memory is performed without timing problems. 


Switching from boot ROM to user program memory is 
performed as follows: UBS1 is set, UBSO is cleared and 
a return instruction to a location < 63K is executed. At 
the moment of crossing the 63K address border by the 
return instruction the switching from boot ROM to user 
memory (internal or external) is performed. After crossing 
the 63K address border UBS1 is immEldiately cleared by 
hardware and the total 64K memory space is mapped as 
user program memory. By clearing UBS1 by hardware, 
no special requirements to the user program are 
necessary to do that after a boot routine or erase or write 
routine. 


A small restriction for memory switching is that no 
memory switching is allowed from or to the address 
space between 63K and 64K of the user program 
memory because the UBS bits must stay logic 0 in this 
range and no 63K address crossing would take place. 
This restriction can be avoided if the memory switching is 
always done by a subroutine in the address range 
between 0 and 63K. 


7.3.4 
DESCRIPTION 


The user program code in the FEEPROM is executed as 
in the standard BOC51 microcontroller. Erase and write 
cycles in the FEEPROM are always performed under 
control of the boot program in the boot ROM in the 
address space between 63K and 64K. Address and data 
parameters are passed via DPTR and accumulator A 
respectively. During an erase or write cycle in the 
FEEPROM no other access or program execution in the 
FEEPROM is possible. All interrupts must be disabled 
when the user program calls a user routine in the boot 
ROM. 


The boot routine for serial programming takes care of 
addressing, data transfer, blank-eheck, verify, high 
voltage control, error message, interrupt 
disabling/enabling 
and return to the user program 


memory. It also contains the serial 'communication 
routine. 


The FEEPROM control register FMCON is a special 
function register (SFR). It contains the control bits for 
verify, write, erase and boot ROM switching. 


MNEMONIC 
BIT 
FUNCTION 


UBS1 
FMCON.7 
User/boot selection bit. 


UBSO 
FMCON.6 
Userlboot selection bit. 


HV 
FMCON.5 
HIGH voltage indication bit. Read only, is logic 1 as long as the HIGH voltage for 
an erase or write operation is present. 


- 
FMCONA 
Reserved for future use. A write operation must write 0 to this bit location. 


FCB3 
FMCON.3 
Function code bit. 


FCB2 
FMCON.2 
Function code bit. 
. 


FCB1 
FMCON.1 
Function code bit. 


FCBO 
FMCON.O 
Function code bit. 


UBS1 
UBSO 
MODE 


0 
0 
User memory mapped from 0 to 64K. 


0 
1 
User memory mapped from 0 to 63K. Boot ROM mapped from 63K to 
64K. 


1 
0 
User memory mapped from 0 to 63K, but UBS1 bit cleared by hardware 
in this user address range. Boot ROM mapped from 63K to 64K. 


1 
1 
Boot ROM mapped from 0 to 64K. 


FCB3 
FCB2 
FCB1 
FCBO 
FUNCTION CODE 


0 
0 
0 
0 
Value after reset. 


0 
1 
0 
1 
Byte write or byte read (verify). 


1 
1 
0 
0 
Page erase (32 byte boundaries). 


0 
0 
1 
1 
Block erase (256 byte boundaries). 


1 
0 
1 
0 
Full erase (32 kbyte). 


The four FCB bits are write protected if the security feature is activated. Then only instructions in the internal program 
memory (FEEPROM) are able to write FCB3-0. Boot ROM and external program memory instructions cannot change 
FCB 3 to 0 except the full erase code can be loaded. 


The duration of a write or erase operation is determined by the FEEPROM timer. This timer includes a zero point RC 
oscillator and can not be controlled by software. 


For calling a user routine in the boot ROM first all interrupts must be disabled and the DPTR and A have to be loaded 
with the desired values. After setting UBSO = 1 and UBSl = 0 and selecting the function via FCB-bits the respective 
user routine has to be called. 


Table 6 
lists the boot ROM user routines, which can be called by the user program. The contents of FMCON, A and 


DPTR before calling is described by (IN) and by (OUT) after return. The boot ROM user routines do not change other 
registers or data memory. 


BOOT ROM 
CALL 
FMCON 
FMCON 
A 
A 
DPTR 
DPTR 
ROUTINE 
ADDRESS 
(IN) 
(OUT) 
(IN) 
(OUT) 
(IN) 
(OUT) 


BYTE READ 
FFBAH 
45H 
15H 
XXH 
BYTE 
BYTE ADDRESS 
BYTE ADDRESS 


BYTE_WRITE 
FFADH 
45H 
15H 
BYTE 
BYTE 
BYTE ADDRESS 
BYTE ADDRESS 
(V) 


PAGE_ERASE 
FFAAH 
4CH 
lCH 
XXH 
08H 
PAGE ADDRESS 
PAGE ADDRESS 
(note 3) 
(note 4) 


BLOCK_ERASE 
FFA5H 
43H 
13H 
XXH 
02H 
BLOCK ADDRESS 
BLOCK ADDRESS 
(note 5) 
(note 6) 


FULL ERASE 
FFAOH 
4AH 
lAH 
XXH 
OAH 
XXXXH 
0018H 


Notes 


1. 
X = don't care or not defined. 


2. 
V = verified byte (read back). 


3. 
= 5 LSB's of DPTR are don't care. 


4. 
= 5 LSB's of DPTR are O. 


5. 
= 8 LSB's of DPTR are don't care. 


6. 
= 8 LSB's of DPTR contain 08H. 


7.3.6 
USER 
SOFlWARE 
EXAMPLE 
OF FEEPROM 
PAGE ERASE 


ROUTINE 


Example of user software (internal or external) that calls 
the page erase routine in the boot ROM to erase a page 
in the FEEPROM (32 bytes) starting at address location 
1260H: 


CLR EA; disable all interrupts 


MOV 
DPTR, #1260H; load page address 


MOV 
FMCON, #4CH; load page erase code 


LCALL OFFAAH; call page erase routine in boot ROM 
(5 ms) 


SETB 
EA; enable interrupts again 


7.3.7 
USER 
SOFlWARE 
EXAMPLE 
OF FEEPROM 
BYTE WRITE 


ROUTINE 


Example of user software (internal or external) that calls 
the byte write routine in the boot ROM to write the 
content of R5 into the FEEPROM address location 
1263H: 


CLR EA; disable all interrupts 


MOV 
DPTR, #1263H; load byte address 


MOV A, R5 ; load byte to be written 


MOV FMCON, #45H; load byte write code 


LCALL OFFADH; call byte write routine in boot ROM 
(2.5ms) 


SETB 
EA; enable interrupts again 


XRL A, R5 ; compare the "read back" byte 


JNZ ... ; jump if verify error 


7.4 Security Feature 


The security feature (security mode) protects against 
software piracy by limiting the read/write access to the 
contents of the FEEPROM. The security feature is 
activated or de-activated by a security code written into a 
security byte. If the security feature is de-activated, then 
there are no access restrictions to the FEEPROM. 


The security byte is located in the highest address 
location 7FFFH of the FEEPROM. The security byte is 
functionally the same as all other bytes of the FEEPROM. 


The security byte should be written 01010000B to 
activate and OOHor FFH to de-activate the security 
feature. The security code is chosen in such a way that 
single bit failures will not change the security mode. 


If the security feature is activated then the external 
program memory has no access to the FEEPROM with. 
the MOVC instructions. Also bits FCB 3 to 0 of FMCON 
cannot be written by external program code or boot ROM 
code. This prevents in-cirCUit programming and 
verification. Only the full erase code can be written to 
FCB 0 to 3 of FMCON. At the end of a full erase 
operation the security feature is de-activated. Parallel 
programming and verify is also inhibited if the security 
feature is activated, only a full erase is possible. 


Note that the security mode does not change 
immediately when the security code is written into the 
security byte 7FFFH, but only after a reset or power-on. 
This allows the verification of the loaded code in the 
FEEPROM, including the security byte. 


7.5 Parallel Programming 


Unlike standard EPROM programming, no HIGH programming supply voltage must be applied to the EA pin and only 
one programming pulse must be applied to the ALElWE pin. 


The parallel programming mode is entered with the steady signals RST = 1, PSEN = 0, EA = 1. The XTAL clock must 
have a frequency between 4 MHz and 6 MHz. Table 7 
shows the logic levels for programming, erasing, verifying and 


read signature. 


Table 7 
Parallel programming modes. 
(notes 1 and 2) 


MODE 
ALElWE 
P2.7 
P2.6 
P3.7 
P3.6 


Full Erase 
note 3 
1 
1 
0 
1 


Program FEEPROM 
note 4 
1 
0 
1 
1 


Verify FEEPROM 
1 
0 
0 
1 
1 


Read signature 
1 
0 
0 
0 
0 


Notes 


1. 
ALElWE Write enable signal (program/erase), active LOW. 


2. 
P2.7, P2.6, P3.7, P3.6 Output enable signals for verify/read modes, active LOW. 


3. 
One 5 ms LOW pulse. 


4. 
One 2.5 ms LOW pulse. 


PO.Oto PO.7 
DOto 07 
Program data inpullverify or read data output. 


P1.0to P1.7 
AOtoA7 
Input low order address bits. 


P2.0 to P2.5; P3.4 
A8toA14 
Input high order address bits. 


7.5.1 89CE528 
SIGNATURE 
BYTES 


The 89CE528 contains two signature bl'tes that can be read and used by an EPROM programming system to identify 
the device. These bytes are read by the same procedure as for a normal verification of locations 30H and 31H, except 
that P3.6 and P3.7 need to be pulled to LOW. The values are given in Table 9: 


ADDRESS 
CONTENT 
MEANING 


30H 
15H 
Philips 


31H 
9FH 
89CE528 


7.5.2 89CE528 
SECURITY 
BYTE 


The 89CE528 has a security byte in location 7FFFH (the highest address) of the FEEPROM, which should be 
programmed to 010100008 to activate the security feature. 


Voo 


PO 
don't care 


EA 


P2.0-P2.5 


P3.4 


P2.0-P2.5 


P3.4 


5 ms LOW pulse 


o 


don't care 


don't care 


2.5 ms LOW pulse 


o 


o 


AS-A13 


A14 


XTAL1 


VSS 


Voo 


PO 


EA 


ALElWE 


8 FEEPROM PROGRAMMING/ERASE 
AND VERIFICATION CHARACTERISTICS 


Tan<>= -40 
°C to +85 °C; Voo = 5 V ±10%; 
Vss = 0 V (see Figure 13). 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNITS 


1/tCLCL 
oscillator 
frequency 
4 
6 
MHz 


tAVWL 
address 
setup to WE LOW 
48 tCLCL 
- 


!wHAX 
address 
hold after WE HIGH 
48 tCLCL 
- 


tOVWL 
data setup to WE LOW 
48 tCLCL 
- 


tWHOX 
data hold after WE HIGH 
48 tCLCL 
- 


leHWL 
P2.7 (Enable) 
HIGH to WE LOW 
48 tCLCL 
- 


!wHEL 
WE HIGH to P2.7 (Enable) 
LOW 
48 tCLCL 
- 


!wcWHp 
WE width (programming) 
2.25 
2.75 
ms 


!wcwHe 
WE width (erase) 
4.5 
5.5 
ms 


tAVOV 
address 
to data valid 
- 
48lcLCL 


leLov 
P2.7 (Enable) 
LOW to data valid 
- 
48lcLCL 


leHOZ 
Data float after P2.7 (Enable) 
HIGH 
0 
48lcLCL 


Pl.0-P1.7 
P2.0-P2.5 


P3.4 


IWLWHp 
IWLWHe 


t 


WHEL 


~_I_E_La_v 
J 


(1) 
For erase conditions 
see Figure 10. 


(2) 
For program 
conditions 
see Figure 11. 


(3) 
For verify conditions 
see Figure 12. 


8.1 Serial Programming of FEEPROM 


Serial in-circuit programming (Boot Mode) is entered if 
during and after RESET PSEN and EA are pulled down 
(PSEN via a resistor of 2 kO to Vss). The two UBS bits 
are set to logic 1 by hardware and program execu1ion 
starts at OOOOHof the Boot ROM. P3.0 (RXD) and P3.1 
(TXD) form the serial RS232 interface. 


The receive and transmit channel have the same baud 
rate. The boot rou1ine is totally in software withou1 the 
use of timers or UART. It inpu1sthe Intel Hex Object 
Formal. The baud rate will be selected automatically 
after reception of the first character (:) of the object file. 
No other characters are allowed to precede the first (:) 
character. Programming is only started if the first 
received record has the right type indication (IT). If the 


security feature is activated then the programming starts 
with a Full Erase. otherwise only the addressed pagels) 
Will be erased and the not altered bytes are rewritten. 
During the erase or write operation the next string of 
bytes can be received. Xon and Xoff handshake codes 
are used to control the serial transfer. 


At the end of the programming a message that indicates 
a successful or not successful programming will be 
returned over the RS232 interface channel. If the 
programming was successful then the user program can 
be started up at OOOOHin the FEEPROM by a reset for 
user mode (EA = HIGH. PSEN not affected). If the 
programming was not successful the boot program halts 
and a retry can be started by a reset for the Boot Mode. 


+5V 


voo 


r- 


ail other 
P89CE528 
pins are 
don't care 


P3.0/RXO 


} 
RS232 
...fL.. 
P3.1fTXO 


interface 


XTAL2 


ALE 
output of ALE pulses 


2kQ 


XTAL1 
PSEN 


VSS 
EA 


MLB087 


8.2 
Boot Routine 


The boot routine transmits the next "one ASCII 
character" messages via the RS232 interface: 


" " 
after each record type TT = OOHindication in 
the HEX file 


"X" 
checksum error of a record in the HEX file 
detected 


"Y" 
wrong record type received 


"Z" 
buffer overflow error (Check XonIXoff of 
terminal) 


"R" 
verification error (of last written byte) 


"V" 
end record received and programming of 
FEEPROM was successful. 


No messages are transmitted if the baud rate of the first 
character (:) can not be detected. 


The boot routine can also be started by the internal or 
external user program (LJMP FC07H). FMCON must be 
loaded previously with 40H. Interrupt registers, stack 
pointer, Timer 0, UART, P3.0 and P3.1 must be in the 
reset state. EA and PSEN must not be affected. A reset 
is needed to restart the user program after programming. 


Note that the boot routines can (re)program any number 
of bytes from 1 byte to 32 kbytes, independent in which 
order or at which location. The next baud rates will be 
detected automatically within the specified IlC clock 
range in MHz. 


BAUD RATE 
'ClK MIN. 
'ClK MAX. 


1200 
1 (note 1) 
3.6 


2400 
2 (note 1) 
7.3 


4800 
4 
19.7 (note 1) 


9600 
7.9 
29.5 (note 1) 


19200 
15.7 
59 (note 1) 


Note 


1. 
value outside the specified clock range. 


8.3 Boot Routine 
Definitions 


In the following description, each letter corresponds to 
one hexadecimal digit in ASCII representation (the digits 
o through 9. and the letters A through F). 


Construction of data records (using the notation defined 
in Table 10) is as follows: 


:BCAAAATTHHHHHHHHHHHHHHHHHHHHHHHHHHHH 
HHHHCC 


The last record in a file is the end record and contains no 
data. Usually the end record will appear as shown in the 
first example below. However, in some cases a 16 bit 
checksum of all the data bytes in the entire file may be 
inserted in the address field of the end record. This 
checksum would correspond to one generated by an 
EPROM programmer during file load, and its inclusion 
does not violate the rules for this format. This is shown in 
the second example. 


:00000001 FF 


:00B12C0122 


Successive HEX (H) records need not appear in 
sequential address order. For instance. a record for 
address OooOHmight appear after a record for address 
7FEOH. All of the bytes in a single record, however, must 
be in sequence. Any characters that appear outside of a 
record (i.e. after a checksum, but before the nex1":") 
should be ignored, if present. 


An example of a valid HEX file follows: 


:10010000C2FOE53030E704F404D2F08531F030F786 
:1001100OO763FOFF05FOB2FOA430FOOA63FOFFF4DB 
:OC0120002401500205F085F032F5332276 
:00000001 FF 


MNEMONIC 
FUNCTION 


: 
Record start character. 


BC 
Byte count. The hexadecimal number of data bytes in the record. This may theoretically be any 
number from 0 to 255 prefer to deal with 16 data bytes per record (as shown in the example 
above). 


AAAA 
Load address in hexadecimal of first data byte in this record. 


TT 
Record type. The record type is 00 for data records and 01 for the end record. 


HH 
One hexadecimal data byte. 


CC 
Record checksum. This is the two's complement of the summation of all of the bytes in the 
record from the byte count through the last data byte. While summation is calculated, it is always 
truncated to a one byte result. Thus, if all of the bytes in the record are summed, including the 
checksum itself, the result will always be 00 if the record is valid. 


9 
LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 
134). 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Voo 
supply voltage range 
- 
-0.5 
+6.5 
V 


V, 
all input voltages 
- 
-0.5 
Voo + 0.5 
V 


P", 
total power dissipation 
note 1 
- 
1 
W 


Tsto 
storage temperature range 
-65 
+150 
·C 


Tamb 
operating ambient temperature range: 


version 
EBx 
0 
+70 
·C 


version 
EFx 
, 
, 
-40 
+85 
·C 


Note 


1. 
This value is based on the maximum allowable die temperature and the thermal resistance of the package, not on 
the device power consumption. 


10 DC CHARACTERISTICS 
(EBx) 
Voo = 5 V ±1 0%; Vss = 0 V; Tamb = 0 to +70·C. All voltages with respect to Vss unless otherwise specified. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Supply 


Voo 
supply voltage range 
4.5 
5.5 
V 


Supply current 


100 
operating modes 
Voo =.5.5 V; fClK= 16 MHz 
notes 1 and 8 


version P89CE528 
- 
50 
mA 


version P80CE528 
- 
40 
mA 


version P83CE528 
- 
40 
mA 


lID 
idle mode 
Voo = 5.5 V; fClK= 16 MHz 
notes 2 and 8 


version P89CE528 
- 
10 
mA 


version P80CE528 
- 
8 
mA 


version P83CE528 
- 
8 
mA 


Ipo 
power-down 
mode 
2V:s Vpo:s VOOma'. 
- 
100 
IlA 


note 3 


Inputs 


V'l 
LOW level input voltage 
-0.5 
0.2 Voo - 
0.1 
V 
(except EA, P1.6, P1.7) 


V,l1 
LOW level input voltage EA 
-0.5 
0.2 Voo - 
0.3 
V 


V,12 
LOW level input voltage 
note 6 
-0.5 
0.3 Voo 
V 
P1.6, P1.7 


V,H 
HIGH level input voltage 
0.2 Voo +0.9 
Voo + 0.5 
V 


(except RST, XTAL 1, P1.6, 
P1.7) 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Inputs 


V'H1 
HIGH level input voltage 
0.7 Voo 
Voo + 0.5 
V 
RST, XTAL1 


V'H2 
HIGH level input voltage 
note 6 
O.7Voo 
6.0 
V 
P1.6, P1.7 


I'L 
input current logic 0 
V, = 0.45 V 
- 
-50 
j!A 


Ports 1, 2 and 3 
(except P1.6 and P1.7) 


ITL 
input current HIGH-to-LOW 
VI =2.0V 
- 
-650 
j!A 


transition 
Ports 1, 2 and 3 
(except P1.6 and P1.7) 


IU1 
input leakage current 
0.45 < V, < Voo 
- 
±10 
j!A 
Port 0, EA 


IU2 
input leakage current 
OV <V,<6V 
- 
±10 
j!A 
P1.6 and P1.7 
o V < Voo < 5.5 V 


Outputs 


VOL 
LOW level output voltage 
IOL= 1.6 mA; 
- 
0.45 
V 
Ports 1, 2 and 3 
notes 4 and 7 
(except P1.6 and P1.7) 


VOL1 
LOW level output voltage 
IOL= 3.2 mA 
- 
0.45 
V 
Port 0, ALE, PSEN 
notes 4 and 7 


V0L2 
LOW level output voltage 
IOL= 3.0 mA; 
- 
0.40 
V 
P1.6 and P1.7 
note 7 


Voo 
HIGH level output voltage 
100= -60 j!A; Voo = 5 V ±10% 
2.4 
- 
V 
Ports 1,2,3 
100= -25 j!A 
0.75Voo 
- 


100= -10 I!A 
0.9Voo 
- 


VOO1 
HIGH level output voltage 
100= -800 j!A; Voo = 5 V ±10% 
2.4 
- 
V 
Port 0 in external Bus 
100= -300 j!A; 
0.75Voo 
- 
rnode,ALE,PSEN,RST 
IOH= -80 j!A; 
0.9Voo 
- 


note 5 


RRST 
RST pull-down resistor 
50 
150 
kQ 


Cvo 
capacitance of input buffer 
test frequency = 1 MHz; 
- 
10 
pF 
Tam.= 25·C 


Notes to DC Characteristics 
(EBx) 


1. 
The operating supply current is measured with all output pins disconnected; 
XTAL 1 driven with ~ = " = 5 ns; 
V••.= Vss +0.5 V; 
V'H= Voo -0.5 V; 
XTAl2 not connected; 
EA = RST = Port 0 = P1.6 = P1.7 = VDO; 
the WDT is disabled (by the external RESET). 


2. 
The Idle mode supply current is measured with all output pins disconnected; 
XTAL1 driven with t, = t, = 5 ns; 
V1L= Vss +0.5 V; 
V1H= Voo-0.5 V; 
XTAL2 not connected; 
the WDT is disabled; 
EA = RST = Vss; 
Port 0 = Pl.6 = Pl.7 = Voo' 


3. 
The Power-down current is measured with all output pins disconnected; 
XTAL2 not connected; 
WDT is disabled; 
EA = RST = XTAL 1 = Vss; 
Port 0 = Pl.6 = Pl.7 = Voo' 


4. 
Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the LOW level 
output voltage of ALE, Port 1 and Port 3. The noise is due to external bus capacitance discharging into the Port 0 
and Port 2 pins when these pins make a HIGH-to-LOW transition during bus operations. In the worst cases 
(capacitive loading> 
100pF), the noise pulse on the ALE line may exceed 0.8 V. In such cases it may be desirable 
to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 


5. 
Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALE and PSEN to 
momentarily fall below the 0.9 Voospecification when the address bits are stabilizing. 


6. 
The input threshold voltage of Pl.6 and Pl.7 (Sial) 
meets the 
12C-bus specification, so a voltage below 0.3 Voo 
will be recognized as a logic 0 while an input above 0.7 Voowill be recognized as a logic 1. 


7. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 
Maximum IOLper port pin: 10 mA. 
Maximum IOLper 8-bit port:- Port 0: 26 mA; Ports 1, 2 and 3: 15 mA. 
Maximum totalloL for all output pins: 71 mA. 
If IOLexceeds the test condition, VOLmay exceed the related specification. Pins are not guaranteed to sink current 
greater than the listed test conditions. 


8. 
100 max. at other frequencies can be derived from Figure 15, where f is the external oscillator frequency in MHz; 


100 max. is given in mA. 


11 DC CHARACTERISTICS 
(EFx) 


Voo = 5 V ±10%; Vss = 0 V; Tamb = -40 to +85°C (extended temperature range). All voltages with respect to Vss unless 
otherwise specified. DC parameters not included here are the same as for the EBx temperature range data sheets. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Inputs 


V,L 
LOW level input voltage 
-0.5 
0.2 
V 


(except EA, P1.6, Pl.7) 
Voo-0.15 


V,L1 
LOW level input voltage EA 
-0.5 
0.2 
V 


Voo-0.35 


V,H 
HIGH level input voltage 
0.2 Voo 
Voo+0.5 
V 
(except RST, XTAL1, Pl.6, 
Pl.?) 
+1.0 


V,H1 
HIGH level input voltage RST, XTAL1 
0.7 Voo 
Voo+0.5 
V 


+0.1 


I'L 
input current logic 0 
V, = 0.45 V 
- 
-75 
!J.A 


Ports 1, 2 and 3 
(except P1.6 and Pl.7) 


ITL 
input current HIGH-to-LOW transition 
V, =2.0V 
- 
-750 
!J.A 


Ports 1, 2 and 3 
(except P1.6 and Pl.7) 


50 


'00 
(mA) 


40 


Voo = 5.5 V 


Valid only within frequency specifications of device under test. 


(1) 
Mximum operating mode P89CE528. 


(2) 
Maximum 
operating 
mode P83CE528 
and P80CE528. 


(3) 
Maximum idle mode P89CE528. 


(4) 
Maximum idle mode P83CE528 and P80CE528. 


12 AC CHARACTERISTICS 


EBX: 
VDD = 5 V ±10%; 
Vss = 0 V; Tamb = 0 to +70 °C; leLCLmin. = 63 ns. 


EFX: VDD = 5 V ±10%; 
Vss = 0 V; To""" = -40 
to +85 °C; leLCLmin. = 63 ns. 
All versions 
EXX: 
CI = 100 pF for Port 0, ALE 
and 
PSEN; 
CI = 80 pF for all other 
outputs 
unless 
otherwise 
specified. 


leLCLmin. = llf max. 
(maximum 
operating 
frequency). 


16 MHz 
12 MHz 
VARIABLE CLOCK 
SYMBOL 
PARAMETER 
UNIT 


MIN. 
MAX. 
MIN. 
MAX. 
MIN. 
MAX. 


l/tcLcL 
oscillator 
frequency 
- 
- 
- 
- 
3.5 
16 
MHz 


tLHLL 
ALE pulse 
duration 
85 
- 
127 
- 
2 tCLCL-40 
- 
ns 


tAvLL 
address 
set-up 
time to ALE 
8 
- 
28 
- 
leLCL-55 
- 
ns 


tLLAX 
address 
hold time 
after 
ALE 
28 
- 
48 
- 
leLCL-35 
- 
ns 


leuv 
time from 
ALE to valid 
- 
150 
- 
233 
- 
4 tcLcL-l00 
ns 


instruction 
input 


leLPL 
time 
from 
ALE to control 
23 
- 
43 
- 
leLCL-40 
- 
ns 


pulse 
PSEN 


tPLPH 
control 
pulse 
duration 
PSEN 
143 
- 
205 
- 
3 tCLCL-45 
- 
ns 


tPLIv 
time 
from 
PSEN 
to valid 
- 
83 
- 
145 
- 
3 tcLcL-l05 
ns 


instruction 
input 


leXIX 
input 
instruction 
hold time 
0 
- 
0 
- 
0 
- 
ns 


after 
PSEN 


tpXIZ 
input 
instruction 
float 
delay 
- 
38 
- 
59 
- 
leLCL-25 
ns 


after 
PSEN 


tAVIV 
address 
to valid 
instruction 
- 
208 
- 
312 
- 
5 tcLcL-l05 
ns 


input 


tpLAZ 
address 
float time to PSEN 
- 
10 
- 
10 
- 
10 
ns 


Data memory 


tRLRH 
RD pulse 
duration 
275 
- 
400 
- 
6 tcLcL-l 
00 
- 
ns 


tWLWH 
WR pulse 
duration 
275 
- 
400 
- 
6 tcLcL-l 
00 
- 
ns 


tRLDV 
RD to valid 
data 
input 
- 
148 
- 
252 
- 
5 tcLcL-165 
ns 


tRHDX 
data 
hold time 
after 
RD 
0 
- 
0 
- 
0 
- 
ns 


tRHDZ 
data 
float 
delay 
after 
RD 
- 
55 
- 
97 
- 
2 tCLCL-70 
ns 


tLLDV 
time from 
ALE to valid 
data 
- 
350 
- 
517 
- 
8 tcLcL-150 
ns 
input 


tAvDV 
address 
to valid 
data 
input 
- 
398 
- 
585 
- 
9 tcLcL-165 
ns 


tLLWL 
time from 
ALE to RD or WR 
138 
238 
200 
300 
3 tCLCL-50 
3 tCLCL+50 
ns 


tAVWL 
time 
from 
address 
to RD or 
120 
- 
203 
- 
4 tcLcL-130 
- 
ns 
WR 


lavwx 
data 
valid 
to WR transition 
3 
- 
23 
- 
leLCL-oO 
- 
ns 


lwHOX 
data 
hold time after WR 
13 
- 
33 
- 
leLCL-5O 
- 
ns 


tRLAZ 
address 
float delay 
after 
RD 
- 
0 
- 
0 
- 
0 
ns 


lwHLH 
time 
from 
RD or WR 
HIGH 
to 
23 
103 
43 
123 
leLCL-40 
leLCL+ 40 
ns 


ALE 
HIGH 


16 MHz 
12 MHz 
VARIABLE CLOCK 
SYMBOL 
PARAMETER 
UNIT 


MIN. 
MAX. 
MIN. 
MAX. 
MIN. 
MAX. 


External clock 


lcHQ< 
HIGH time 
20 
- 
- 
- 
20 
- 
ns 


lcLex 
LOW time 
20 
- 
- 
- 
20 
- 
ns 


lcLCH 
rise time 
- 
20 
- 
- 
- 
20 
ns 


lcHCL 
fall time 
- 
20 
- 
- 
- 
20 
ns 


UART timing 
shift 
register 
mode 


tXLXL 
serial 
port clock 
cycle 
time 
750 
- 
1000 
- 
12lcLCL 
- 
ns 


taVXH 
output 
data 
selup 
to clock 
492 
- 
700 
- 
1Ohcc133 
- 
ns 


rising 
edge 


txHOx 
output 
data 
hold after 
clock 
8 
- 
50 
- 
2tcLcc117 
- 
ns 


rising 
edge 


tXHDX 
input 
dala 
hold after 
clock 
0 
- 
0 
- 
0 
- 
ns 


rising 
edge 


IXHDV 
clock 
rising 
edge 
to input 
- 
492 
- 
700 
- 
1OlcLCL-133 
ns 


data 
valid 


13 FC-bus CHARACTERISTICS 
(bit-level) 


telCl = 1/fclK = one oscillator period at pin XTAL1. For 63 ns < telCl < 286 ns (16 MHz> fose > 3.5 MHz) the 12C 
interlace meets the FC-bus specification for bit rates up to 100 kbitls. 


SYMBOL 
PARAMETER 
INPUT 
OUTPUT 
FC-bus 
UNIT 
Spec. 


SCL timing 


tHO:STA 
START condition hold time 
~ 14 telCl; note 1 
note 2 
~4.0 
l1S 


tLOw 
SCL LOW time 
~ 16 telCl 
note 2 
~4.7 
l1s 


~'GH 
SCL HIGH time 
~ 14 telCl; note 1 
~ 80 telCl; note 3 
~4.0 
l1s 


tRC 
SCL rise time 
:S1 l1S;note 4 
note 5 
:S1.0 
l1s 
I,oc 
SCL fall time 
:S0.3 l1S;note 4 
:S0.3 l1s; note 6 
:s0.3 
l1S 


SDA timing 


tSU:OAT 
data set-up time 
~ 250 ns 
note 2 
, 
~250 
ns 


tHD:DAT 
data hold time 
~ 0 ns 
note 2 
~O 
ns 


tSU:STA 
repeated START set-up time 
~ 14 telCl; note 1 
note 2 
~4.7 
l1S 


!sU;STO 
STOP condition set-up time 
~ 14 telCl; note 1 
note 2 
~4.0 
l1s 


tBUF 
bus free time 
~ 14 telCl; note 1 
note 2 
~ 4.7 
l1s 


tRO 
SDA rise time 
:s 1 l1S;note 4 
note 5 
:s 1.0 
l1S 


tFO 
SDAfall time 
:s0.3 l1S;note 4 
:s0.3 l1S;note 6 
:s0.3 
l1S 


Notes to FC-bus Characteristics 
(bit-level) 


1. 
At fClK= 3.5 MHz, this evaluates to 14 x 286 ns = 4 l1s, i.e. the bit-leveI12C-bus interlace can respond to the 
12C-bus protocol for fClK~ 3.5 MHz. 


2. 
This parameter is determined by the user software, it has to comply with the FC-bus specification. 


3. 
This value gives the auto-clock pulse length which meets the 12C-bus specification for the specified XTAL 1 clock 
frequency range. Alternatively, the SCL pulse may be timed by software. 


4. 
Spikes on SDA and SCL lines with a duration of less than 4 x tClCl will be filtered out. 


5. 
The rise time is determined by the external bus line capacitance and pull-up resistor, it must be :s 1 l1S. 


6. 
The maximum capacitance on bus lines SDA and SCL is 400 pF. 


2.0V 
2.0V 


24V-V:::=: 
test points <V- 


0.45V-./1--------~ 


O.BV 
(a) 
O.BV 


=J. 
float_t= 


2.4V 
2.0V 
20 V 
24 V 


0.45V 
•... 
O.-B-V-----------O-B-<V 
045V 


AC testing inputs are driven at 2.4 V for a logic 
1 and 0.45 V for a logic 
O. Timing measurements are taken at 
2.0 V for a logic 1 and 0.8 V for logic 0 see (a). The float state is defined as the point at which a Port 0 pin 
sinks 3.2 mA or sources 400 llA at the voltage test levels see (b). 


14.1 Timing 
symbol 
definitions 


Oscillator: 


fCLK = clock frequency 


lcLcL 
= clock period 


Timing symbols (acronyms): 


Each timing symbol has five characters. The first 
character is always a "t" (= time). the remaining four 
charac:ters of the symbol (typed in subscript), depending 
on their relative positions, indicate the name of a signal 
or the logical status of that signal. the designations are 
as follows: 


A 
= address 


C 
= clock 


D 
= input data 


H 
= logic level HIGH 


I 
= instruction (program memory contents) 


L 
= Logic level LOW or ALE 


P 
= PSEN 


Q 
= output data 


R 
= RD signal 


t 
= time 


V 
= valid 


W 
= WR signal 


X 
= no longer a valid logic level 


Z 
= float 


Examples: 


tAIILL = time for address valid to ALE LOW 


tLLPL = time for ALE LOW to PSEN LOW 
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INSTRUCTION 


ALE 


,OUTPU} 
DATA, 


+ 
WRITE TO SBUF 


,INPU~DATA, 


+ 
CLEAR RI 


{ 


ALE 
dotted 
lines 
are val'd when 
ROOfWR 
are 
active 


PSEN 


only active} 
dunng 
a read 
- 


from edemal 
RD 
data memory 


only active 
} 
during a write 
- 
toeldemat 
WR 
data memory 


{ 


BUS 
external 
(PORT 0) 


ptoOram 
memo<y 
letch 


PORT 
2 


{ 


BUS 
read or 
(PORT 0) 


write 
of 
extemal 
data 
memo<y 


PORT 
2 


I' 
one mac"ne 
cycle 
'I' 


I P1S~2 I P1S~ 
I p,S3P2 
I p,S4P2 
I p,S5P2 
I p,S6P2 
I P1S~ 


one machine cyde 
'I 


I p,S2P2 I p,S3P2 I PIS~ 
I p,S~ 
I P1S~ 
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I 
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I 


I 
I 


I 
I 


__ 
~Il~ 
--_.JL1 


sampling 
time 
of _vo_?O_"_P'_-ns_dU_"_"'l_;_"'_"'_(inc_ludino 
INTO 
and iNT1) 
I 


~-~IT 


SERIAL 
PORT 
CLOCK 


CMOS single-chip 
a-bit microcontroller 
with AID and watchdog 
timer 


DESCRIPTION 
The Philips 8XC550 is a high-performance 
microcontroller fabricated with Philips 
high-density CMOS technology. This Philips 
CMOS technology combines the high speed 
and density characteristics of HMOS with the 
low power attributes of CMOS. Philips 
epitaxial substrate minimizes iatch-up 
sensitivity. The CMOS 8XC550 has the same 
instruction set as the 80C51. 


The 8XC550 contains a 4k x 8 EPROM 
(87C550)/ROM (83C550)/ROMless (80C550 
has no program memory on-chip), a 128 x 8 
RAM, 8 channels of 8-bit ND, four 8-bit ports 
(port 1 is input only), a watchdog timer, two 
16-bit counter/timers, a seven-source, 
two-priority level nested interrupt structure, a 
serial I/O port for either multi-processor 
communications, I/O expansion or full duplex 
UART, and an on-chip oscillator and clock 
circuits. 


In addition, the 8XC550 has two software 
seiectable modes of power reduction-idle 
mode and power-down mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial port, and interrupt system to 
continue functioning. The power-down mode 
saves the RAM contents but freezes the 
oscillator, causing all other chip functions to 
be inoperative. 


• 80C51 based architecture 


- 4k x 8 EPROM (87C550)/ 


ROM (83C550) 


- 
128x8RAM 


- 
Eight channels of 8-bit ND 


- Two 16-bit counter/timers 


- Watchdog timer 


- 
Full duplex serial channel 


- 
Boolean processor 


• Memory addressing capability 


- 
64k ROM and 64k RAM 


• Power control modes: 


- 
Idle mode 


- 
Power-down mode 


• CMOS and TTl compatible 


• One speed range at Vcc = 5V ±10% 


- 
3.5 to 16MHz 


• Four package styles 


• Extended temperature ranges 


• OTP package available 


AVccJVref+ 
1 


AVssNref- 
2 


Pl.OIAOCO 
3 


Pl.1/ADCl 
4 


P1.2!ADC2 
5 


Jlirn)1P3.2 
1 


mTT1P3.3 
1 


T0IP3.4 
1 


T1/P3.5 
1 


WRJP3.6 
1 


RU/P3.7 1 


XTAL2 
1 


XTALl 
1 


40 


39 


17 
29 


'8 
28 


Pin 
Function 
Pin 
Function 
Pin 
Function 


1 
AVec 
'6 
P3.2IfIIITO 31 
P2.61A14 


2 
Vrel+ 
17 
P3.3III'ITI 
32 
P2.7/A15 


3 
Vref- 
'6 
P3.4rrO 
33 
I'SE!l 


4 
AVss 
'9 
P3.Sfn 
34 
AL= 


5 
Pl.0/ADCO 
20 
P3.6IWIl 
35 
UNpp 


6 
Pl.1/ADCl 
2' 
P3.7/R[) 
36 
PO.l/AD? 


7 
Pl.21ADC2 
22 
XTAL2 
37 
PO.61A06 


6 
Pl.31ADC3 
23 
XTAL1 
38 
PO.51ADS 


9 
Pl.4/ADC4 
24 
vss 
39 
PO.4/AD4 


10 
Pl.51ADC5 
25 
P2.OIA8 
40 
PO.31AD3 


11 
Pl.61ADC6 
26 
P2.1/A9 
4' 
PO.21AD2 


12 
Pl.7/AOC7 
27 
P2.21Al0 
42 
PO.l/AD1 


'3 
RST 
28 
P2.31A11 
43 
PO.OIADO 


'4 
P3.0/RxD 
29 
P2.4/A12 
44 
vcc 


'5 
P3.1rrxD 
30 
P2.5/A13 


CMOS single-chip 
8-bit microcontroller 
with AID and watchdog 
timer 


TEMPERATURE RANGE °C 
FREQ 
DRAWING 
ROMless 
ROM 
EPROM 
AND PACKAGE 1 
MHz 
NUMBER 


P87C550EBF FA 
UV 
010 +70, Ceramic Dual In-Line Package 
3.51016 
0590B 


P87C550EBL KA 
UV 
o 10+70, Ceramic Leaded Chip Carrier 
3.51016 
1472A 


P80C550EBP N 
P83C550EBP N 
P87C550EBP N 
aTP 
o 10+70, Plaslic Dual In-Line Package 
3.51016 
0415C 


P80C550EBA A 
P83C550EBA A 
P87C550EBA A 
aTP 
010 +70, Plaslic Leaded Chip Carrier 
3.51016 
0403G 


P80C550EFP N 
P83C550EFP N 
P87C550EFP N 
aTP 
-40 to +85, Plastic Dual In-Line Package 
3.51016 
0415C 


P80C550EFA A 
P83C550EFA A 
P87C550EFA A 
aTP 
-40 to +85, Plaslic Leaded Chip Carrier 
3.51016 
0403G 


P87C550EFL KA 
UV 
-40 to +85, Ceramic Leaded Chip Carrier 
3.51016 
1472A 


P87C550EFF FA 
UV 
-40 10+85, Ceramic Dual In-Line Package 
3.51016 
0590B 


r-------------- 
I 


vcc I 
:=1 


~ 


PSEI'I 
ALEII'ROO 
~pp 
RESET 


I 
I 
I 
I 
I 
I 
I 
__________ 
..1 


CMOS single-chip 
8-bit microcontroller 


with AID and watchdog 
timer 


PIN NO. 


MNEMONIC 
DIP 
lCC 
TYPE 
NAME AND FUNCTION 


Vss 
20 
24 
I 
Ground: 
OV reference. 


Vcc 
40 
44 
I 
Power Supply: This is the power supply voltage for normal, idle, and power·down operation. 


AVec 
1 
1 
I 
Analog 
Power Supply: 
Analog supply voltage. 


AVss 
2 
4 
J 
Analog Ground: 
Analog OV reference. 


Vref+ 
2 
I 
Vrel: ND converter reference level inputs. Note that these references are combined with AVec and 
Vref- 
3 
I 
AVss in the 40-pin DIP package. 


PO.O--O.7 
39-32 
43-36 
1/0 
Port 0: Port 0 is an open-drain, bidirectional 1/0 port. Port 0 pins that have 1s written to them float 
and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order address and 
data bus during accesses to external program and data memory. In this application, it uses strong 
internal pull-ups when emitting 1s. Port 0 also outputs the code bytes during program verification in 
the S87C550. External pull-ups are required during program verification. 


P1.o-P1.7 
3-8 
5-12 
J 
Port 1: Port 1 is an 8-bit input only port (6-bit in the DIP package; bits P1.6 and P1.7 are not 
implemented). Port 1 digital input can be read out any time. 


ADCo-ADC7 
3-8 
5--12 
ADCx: Inputs to the analog multiplexer input of the 8-bit ND. There are only six ND inputs in the 
DIP package. 


P2.o-P2.7 
21-28 
25--32 
1/0 
Port 2: Port 2 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 2 pins that have 1s written 
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 2 pins that 
are externally being pulled low will source current because of the internal pull-ups. (See DC 
Electrical Characteristics: Ill)' Port 2 emits the high-order address byte during fetches from external 
program memory and during accesses to external data memory that use 16-bit addresses (MOVX 
@DPTR). In this application, it uses strong internai pull-ups when emitting 1s. During accesses to 
externai data memory that use 8-bit addresses (MOV @Ri), port 2 emits the contents of the P2 
special function register. 


P3.o-P3.7 
10-17 
14-21 
1/0 
Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3 pins that have 1s written 
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 3 pins that 
are externally being pulled low will source current because of the pull-ups. (See DC Electrical 
Characteristics: IILl. Port 3 also serves the special features of the SC80C51 family, as listed below: 
10 
14 
I 
RxD (P3.0): Serial input port 


11 
15 
0 
TxD (P3.1): Serial output port 
12 
16 
I 
TfITO (P3.2): External interrupt 
13 
17 
J 
mTf (P3.3): External interrupt 
14 
18 
I 
TO (P3.4): Timer 0 external input 
15 
19 
I 
T1 (P3.5): Timer 1 external input 
16 
20 
0 
WR (P3.6): External data memory write strobe 


17 
21 
0 
RO (P3.7): External data memory read strobe 


RST 
9 
13 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the device. 
An internal diffused resistor to Vss permits a power-on reset using only an external capacitor to 
Vcc· 


ALEJI5ROO 
30 
34 
1/0 
Address 
latch 
Enable/Program 
Pulse: Output pulse for latching the low byte of the address 


during an access to external memory. In normal operation, ALE is emitted at a constant rate of 1/6 
the oscillator frequency, and can be used for external timing or clocking. Note that one ALE pulse is 
s~~bcr 
during each access to external data memory. This pin is also the program pulse input 
( 
) during EPROM programming. 
l'Srn 
29 
33 
0 
Program Store Enable: The read strobe to externa\fs~f{am 
memory. When the device is 
executing code from the external program memory, 
is activated twice each machine c~ 
except that two l'Srn activations are skipped during each access to external data memory. 
is not activated during fetches from internal program memory. 


FliNpp 
31 
35 
I 
External Access EnablelProgramming 
Supply Voltage: EA must be externally held low to enable 


the device to fetch code from external program memory locations OOOOHto OFFFH. If EA is held 
high, the device executes from internal program memory unless the program counter contains an 
address greater than OFFFH. For the 80C550 ROMless part, EA must be held low for the part to 
operate properly. This pin also receives the 12.75V programming supply voltage (Vpp) during 
EPROM programming. 


XTAL1 
19 
23 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator circuits. 


XTAL2 
18 
22 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


CMOS single-chip 8-bit microcontrolier 
with AID and watchdog timer 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 
RESET 
ADDRESS 
MSB 
LSB 
VALUE 


ACC" 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


ADAT# 
AID result 
C6H 
xxH 


ADCON# 
AID control 
C5H 
- 
I - 
I 
- 
I ADCI I ADCS I AADR2 I AADR1 IAADRO 
xxxOOOO08 


8" 
8 register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data pointer 
(2 bytes); 
DPH 
High byte 
83H 
OOH 
DPL 
Low byte 
82H 
OOH 


8F 
8E 
8D 
8C 
88 
8A 
89 
88 


IP"# 
Interrupt priority 
88H 
- 
I PWD I 
PAD I 
PS 
I 
PT1 
I 
PX1 
I 
PTO I 
PXO 
xOOOOOO08 


AF 
AE 
AD 
AC 
A8 
AA 
A9 
A8 


IE"# 
Interrupt enable 
A8H 
EA I EWD I 
EAD 
I 
ES 
I 
ET1 
I 
EX1 
I 
ETO I 
EXO 
OOH 


PO" 
PortO 
80H 
87 
86 
85 
84 
83 
82 
81 
80 
FFH 


P1" 
Port 1 
90H 
97 
96 
95 
94 
93 
92 
91 
90 
FFH 


P2" 
Port 2 
AOH 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 
FFH 


P3" 
Port 3 
80H 
87 
86 
85 
84 
83 
82 
81 
80 
FFH 


PCON# 
Power control 
87H 
SMOD I SIDL I 
- 
I 
- 
I 
GF1 
I 
GFO 
I 
PD 
I 
IDL 
00xxOOO08 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


PSW" 
Program status word 
DOH 
CY 
I 
AC 
I 
FO 
I 
RS1 I 
RSO I 
OV 
I 
- 
I 
P 
OOH 


S8UF 
Serial data buffer 
99H 
xxH 


9F 
9E 
9D 
9C 
98 
9A 
99 
98 


SCOW 
Serial port control 
98H 
SMO I SM1 I 
SM2 I 
REN 
I 
T88 
I 
R88 
I 
TI 
I 
RI 
OOH 


SP 
Stack pointer 
81H 
07H 


8F 
8E 
8D 
8C 
88 
8A 
89 
88 
OOH 


TCOW 
Timer counter/control 
88H 
TF1 I TR1 I 
TFO I 
TRO I 
IE1 
I 
IT1 
I 
IEO I 
ITO 
OOH 


TMOD 
Timer/counter mode 
89H 
GATE I 
CIT I 
M1 
I 
MO 
I GATE I 
CIT 
I 
M1 
I 
MO 
OOH 


THO 
Timer 0 high byte 
8CH 
OOH 


TH1 
Timer 1 high byte 
8DH 
OOH 


TLO 
Timer 0 low byte 
8AH 
OOH 


TL1 
Timer 1 low byte 
88H 
OOH 


C7 
C6 
C5 
C4 
C3 
C2 
C1 
CO 


WDCOW# 
Watchdog timer 
COH 
PRE2 I PRE1 
I 
PREO 
I 
- 
I 
- 
IWDRUN I WDTOF IWDMOD 
000xxOO08" 
control 


WDL# 
Watchdog timer 
C1H 
FFH" 
reload 


WFEED1# 
Watchdog timer 
C2H 
xxH 
feed 1 


WFEED2# 
Watchdog timer 
C3H 
xxH 
feed 2 


" SFRs are bit addressabie. 
# SFRs are modified from or added to the 80C51 SFRs. 
"This 
value is not valid for a masked ROM part (83C550) when running from internal memory (EJI: = 1). See data sheet for details. 


CMOS single-chip 
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with AID and watchdog timer 


BIT 
peON.? 
peON.? 
PCON.S 
PCON.' 
PCON.3 
PCON.2 
peON.l 
PCON.O 


SYMBOL 


SMOD 
SIDL 
X 
X 
GFl 
GFO 
PO 
IDL 


FUNCTION 
DOUBLE 
BAUD 
RATE 


SERIAL 
PORT 
IDLE 


RESERVED 
FOR FUTURE 
USE 
RESERVED 
FOR FUTURE 
USE 


GENERAL 
PURPOSE 
FLAG 
BIT 


GENERAL 
PURPOSE 
FLAG 
BIT 


POWER 
DOWN 
BIT 
IDLE MODE 
BIT 


ADDR2 
ADDRl 
ADORO 
INPUT 
PIN 
0 
0 
0 
ADCO 
0 
0 
1 
ADCl 
0 
1 
0 
ADC2 
0 
1 
1 
ADC3 


1 
0 
0 
AOC4 


1 
0 
1 
ADCS 


1 
1 
0 
ADC6 
1 
1 
1 
ADC7 
NOTE: 
The peON register 
is al SFR byte address 
87H. Its contents 
following 


a reset are OOXXOOOO. 
BIT 
SYMBOL 


ADCON.7 
- 


ADCON.6 
- 
ADCON.5 
- 
ADCON.4 
ADCI 


AID CONVERTER 
The analog input circuitry consists of an 
8-input analog multiplexer and an 
analog-to-digital converter with 8-bit 
resolution. In the LCC package, the analog 
reference voltage and analog power supplies 
are connected via separate input pins; in the 
DIP package, Vref+ is combined with AVcc 
and Vref- is combined with AVss. The analog 
inputs are alternate functions to port 1, which 
is an input only port. Digital input to port 1 
can be read any time during an ND 
conversion. Care should be exercised in 
mixing analog and digital signals on port 1, 
because cross talk from the digital input 
signals can degrade the ND conversion 
accuracy of the analog input. An ND 
conversion requires 40 machine cycles. 


The ND converter is controlled by the 
ADCON special function register. The input 
channel to be converted is selected by the 
analog multiplexer by setting ADCON register 
bits, ADDR2-ADDRO 
(see Figure 2). These 


bits can only be changed when ADCI and 
ADCS are both low. 


The completion of the 8-bit ADC conversion 
is flagged by ADCI in the ADCON register 
and the result is stored in the special function 
register ADAT. 


An ADC conversion in progress is unaffected 
by a software ADC start. The result of a 
completed conversion remains unaffected 
provided ADCI remains at a logic 1. While 
ADCS is a logic 1 or ADCI is a logic 1, a new 
ADC START will be blocked and 
consequently lost. An ND conversion in 
progress will be aborted when the idle or 
power-down mode is entered. The result of a 


completed conversion (ADCI = logic 1) 
remains unaffected when entering the idle 
mode, but will be lost if power-down mode is 
entered. See Figure 3 for the ND input 
equivalent circuit. 


The analog input pins ADCO-ADC7 may still 
be used as digital inputs. The analog input 
channel that is selected by the 
ADDR2-ADDRO bits in ADCON cannot be 
used as a digital input. Reading the selected 
ND channel as a digital input will always 
return a 1. The unselected ND inputs may 
always be used as digital inputs. 


On RESET the ND port pins are set to the 
Digital mode and will work as a normal port 
and need no further initialization. To use the 
ND converter a single byte should be written 
to ADCON which selects the ND mux and 
concurrently sets the ADCS bit to start the 
ND conversion. The 40 machine cycles of 
the ND conversion include time for signal 
settling after the mux is selected and before 
the Sample and Hold procedure is 
completed. 


The circuitry which disabies the digital buffer 
from the port pin is updated at the start of an 
ND conversion by setting the ADCS bit in 
ADCON. After powerup, problems will occur 
the first time that ADCON is written to if 
ADCS is not set; in this case, the digital 
signal disable registers contain random data 
and some 0 the 8 port pins will have their 
digital buffers disabled. When read, these 
disabled buffers will ignore their input and 
only return a 1. This condition will be 
corrected by writing a 1 to ADCS in ADCON 
which starts and ND conversion. 


NQTUSED 
NQTU$ED 
NOT USED 
ADC 
INTERRUPT 
FLAG. 
This flag is set when an ADC conversion 


r;~~~~~~~~~~I~~ 
~~~i~ ~~~~~~J~~ 
;~~~a~.if1tl~:~1 
i~~e~~PI 


~b~O~~~~TAND STATUS. 
Selling 
t~is flag starts an AiD convers- 


ion. The ADC 
logic Insures 
that this signal 
is high while 
the ADC 
is 


busy. On completion 
of the conversion. 
ADCS 
IS reset althe 
same 


~~~L'6dnll~~lf,! 
~tsl..~g~'ds 
set. ADCS 
cannot 
be reset by software. 


ANALOG 
INPUT 
SELECT 
1 


ANALOG 
INPUT 
SELECT 
0 


Thus, there are two operating modes: 
1. DIGITAL ONLY - No Analog inputs are 


used and ADCON is never written to. In 
this case pins ADCO-ADC7 are configured 
as digital inputs. 


2. ND CONVERTER USED - The input 


multiplexer select field must be written to 
and ADCS must be set in ADCON. This 
allows unselected ND inputs to be used 
as digital inputs. 


ADCON Register 


MSB 
~B 


I x I x I x I ADcl1AOCSIAAOR2!AADR11AADROI 


Operation 


ADC not busy, a 
conversion can be 
started. 
ADC busy, start of a new 
conversion is blocked. 
Conversion completed, 
start of a new is blocked. 
Not possible. 


INPUT CHANNEL SELECTION 


ADDR2 
ADDR1 
ADDRO 
INPUT 


PIN 


0 
0 
0 
P1.0 


0 
0 
1 
P1.1 


0 
1 
0 
P1.2 


0 
1 
1 
P1.3 


1 
0 
0 
P1.4 


1 
0 
1 
P1.5 


1 
1 
0 
P1.6· 


1 
1 
1 
P1.7· 
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AADR2 ADCON.2 
AADRI 
ADCON.l 
AADRO ADCON.O 


Function 


ADC interrupt flag. This 
flag is set when an 
ADC conversion is 
complete. If IE.5 = 1, an 
interrupt is requested 
when ADCI = 1. The 
ADCI flag must be 
cleared by software 
after AID data is read, 
before the next 
conversion can begin. 
ADC start and status. 
Setting this bit starts an 
AID conversion. Once 
set, ADCS remains 
high throughout the 
conversion cycle. On 
completion of the 
conversion, it is reset at 
the same time the ADCI 
interrupt flag is set. 
ADCS cannot be reset 
by software. 
Analog input selects. 
Binary coded address 
selects one of the five 
analog input port pins 
of PI to be input to the 
converter. It can oniy be 
changed when ADCI 
and ADCS are both low. 
AADR2 is the most 
significant bit. 


Sample AID Routines 
The following routines demonstrate two 
methods of operating the AID converter. The 
first method uses polling to determine when 
the AID conversion is complete. The second 
method uses the AID interrupt to flag the end 
of conversion. 


The routine ReadAD will start a read of the 
AID channel identified by R7, and wait for the 
conversion to complete, polling the AID 
interrupt flag. The result is returned in the 
accumulator. 


;Basic AID 
;start 
;command. 
;Add channel 
;# to be read. 
;Start AID. 
;GetAiD 
;status. 


ACCA,ADLoop;Wait 
for 


;ADCI 
;(AID 
;finished). 
;Get 
;conversion 
;result 
;ClearADCi. 


MOV 
ADCON,A; 


ADLoop: MOV 
A,ADCON 


r------, 
• 
I • 
• 
I 
• 
I • 
• 
I 
• 
I • 
• 
I 
ISmN+l 
RmN+l I 
IN+l 
1/ 
I 
I 


IN 
I SmN 
RmN 
I 


I 
I 
L 
J 


MUltiplexer 


Rm=O.5-3kn 
CS + CC = 15pF maximum 
RS = Recommended < 9.6 kn for 1 LSB @ 12MHz 


The routine StartAD will start a read of the 
AID channel identified by R7 and exit back to 
the calling program. When the conversion is 
complete, the AID interrupt occurs, calling the 
AID interrupt service routine. The result of the 
conversion is returned in register R6. 


;Basic AID 
;start 
;command. 
;Add channel 
;# to be read. 
;StartAiD. 


ORG 
2Bh 
;AlD interrupt 
;address. 
ADlnt: 
MOV 
R6,ADAT 
;Get 
;conversion 
;result. 


MOV 
ADCON,#O 
;ClearADCi. 


RETI 


NOTE: 
Because the analog to digital converter has a sampled-data comparator, the input looks capacitive to a source. When a conversion 
is initiated, switch Sm closes for 8tcy (8~s @ 12MHz crystal frequency) during which time capacitance Cs + Cc is charged. It should 
be noted that the sampling causes the analog input to present a varying load to an analog source. 
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AiD CONVERTER 
PARAMETER 


DEFINITIONS 
The following definitions are included to 
clarify some specifications given and do not 
represent a complete set of NO parameter 
definitions. 


Absolute 
Accuracy 
Error 
Absolute accuracy error of a given output is 
the difference between the theoretical analog 
input voltage to produce a given output and 
the actual analog input voltage required to 
produce the same code. Since the same 
output code is produced by a band of input 
voltages, the "required input voltage" is 
defined as the midpoint of the band of input 
voltage that will produce that code. Absolute 
accuracy error not specified with a code is 
the maximum over all codes. 


Nonlinearity 
If a straight line is drawn between the end 
points of the actual converter characteristics 
such that zero offset and full scale errors are 
removed, then non-linearity is the maximum 
deviation of the code transitions of the actual 
characteristics from that of the straight line so 
constructed. This is also referred to as 
relative accuracy and also integral 
non-linearity. 


Differential 
Non-Linearity 
Differential non-linearity is the maximum 
difference between the actual and ideal code 
widths fo the converter. The code widths are 
the differences expressed in LSB between 
the code transition points, as the input 
voltage is varied through the range for the 
complete set of codes. 


Gain Error 
Gain error is the deviation between the ideal 
and actual analog input voltage required to 
cause the final code transition to a full-scale 
output code after the offset error has been 
removed. This may sometimes be referred to 
as full scale error. 


Offset 
Error 
Offset error is the difference between the 
actual input voltage that causes the first code 
transition and the ideal value to cause the 
first code transition. This ideal value is 1/2 
LSB above Vref-. 


Channel 
to Channel 
Matching 
Channel to channel matching is the maximum 
difference between the corresponding code 
transitions of the actual characteristics taken 
from different channels under the same 
temperature, voltage and frequency 
conditions. 


Crosstalk 
Crosstalk is the measured level of a signal at 
the output of the converter resulting from a 
signal applied to one deselected channel. 


Total Error 
Maximum deviation of any step point from a 
line connecting the ideal first transition point 
to the ideal last transition point. 


Relative 
Accuracy 
Relative accuracy error is the deviation of the 
ADC's actual code transition points from the 
ideal code transition points on a straight line 
which connects the ideal first code transition 
point and the final code transition point, after 
nullifying offset error and gain error. It is 
generally expressed in LSBs or in percent of 
FSR. 


WATCHDOG 
TIMER 


The purpose of the watchdog timer is to reset 
the microcontroller within a reasonable 
amount of time if it enters an erroneous state, 
possibly due to a programming error, 
electrical noise, or RFI. When enabled, the 
watchdog circuit wili generate a system reset 
if the user program fails to "feed" (or reload) 
the watchdog within a predetermined amount 
of time. 


The watchdog timer implemented on the 
8XC550 has a programmable interval and 
can thus be fine tuned to a particular 
application. If the watchdog function is not 
used, the timer may still be used as a 
versatile general purpose timer. 


The watchdog function consists of a 
programmable 13-bit prescaler, and an 8-bit 
main timer. The main timer is clocked by a 
tap taken from one of the top 8 bits of the 
prescaler. The prescaler is incremented once 
every machine cycle, or 1/12 of the oscillator 
frequency. Thus, the main counter can be 
clocked as often as once every 64 machine 
cycles or as seldom as once every 8192 
machine cycles. 


When clocked, the main counter decrements. 
If the main watchdog counter reaches zero, a 
system reset will occur. To prevent the 
watchdog timer from under-flowing, the 
watchdog must be fed before it counts down 
to zero. When the watchdog is fed, the 
contents of the WDL register are loaded into 
the main watchdog counter and the prescaler 
is cleared. 


WDCON Register 


Mse 
LSe 


IpRE21 PREllPREOI 
x I x IWORUNlwOTOFlwOMOol 


Function 


Prescaler select 
(read/write). 
These bits select the 
prescaler divide ratio 
according to the 
following table: 


PRE2 
PRE1 
PREO 
DIVISOR 
(FROMfoscl 


0 
0 
0 
12 x64 


0 
0 
1 
12x64x2 


0 
1 
0 
12x64x4 


0 
1 
1 
12x64x8 


1 
0 
0 
12x64x16 


1 
0 
1 
12x64x32 


1 
1 
0 
12x64x64 


1 
1 
1 
12x64x128 


WDCON.4 
WDCON.3 
WDCON.2 
WDRUN 


Not used 
Not used 
Run control (read! 
write). This bit turns 
the timer on (WDRUN 
= 1) or off (WDRUN = 
0) if the timer mode 
has been selected. 


WDCON.1 
WDTOF 
Timeout flag (read 
/write). This bit is set 
when the watchdog 
timer underflows. It is 
cleared by an external 
reset and can be 
cleared by software. 


WDCON.O WDMOD 
Mode selection (read! 
write). When WDMOD 
= 1, the watchdog is 
selected; when 
WDMOD = 0, the timer 
is selected. Selecting 
the watchdog mode 
automatically disables 
power-down mode. 
WDMOD is cleared by 
external reset. Once 
the watchdog mode is 
selected, this bit can 
only be cleared by 
writing a 0 to this bit 
and then performing a 
feed operation. 


A very specific sequence of events must take 
place to feed the watchdog timer; it cannot be 
fed accidentally by a runaway program. The 
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following routines demonstrate setting up and 
feeding the watchdog timer. These routines 
apply to all versions of the 8XC550 except 
the ROM part when running from internal 
program memory. 


This routine sets up and starts the watchdog 
timer. This is not necessary for internal ROM 
operation, because setup of the watchdog 
timer on masked ROM parts is accomplished 
directly via ROM mask options. 


SetWD: 
MOV 
WDL,#OFFh 
;Set watch- 
;dog 
;reload value. 
MOV 
WDCON,#OE5;Set up timer 


;prescaler, 
;mode, and 
;run bits. 
ACALL FeedWD 
;Start watch- 
;dog with a 
;feed 


;operation. 


This routine executes a watchdog timer feed 
operation, causing the timer to reload from 
WDL. Interrupts must be disabled during this 
operation due to the fact that the two feed 
registers must be loaded on consecutive 
instruction cycles, or a system reset will 
occur immediately. 


FeedWD:CLR 
EA 
;This 
;sequence 
;must not be 
;interrupted. 


MOV WFEED1,#OA5h ;First 


;instruction 
;offeed 


;sequenC8. 
MOV WFEED2,#05Ah;Second 


;instruction 
;offeed 
;sequence. 
SETB EA 
;Turn 
;interrupts 
;back on. 


An interrupt is available to allow the 
watchdog timer to be used as a general 
purpose timer in applications where the 
watchdog function is not needed. The timer 
operates in the same manner when used as 
a general purpose timer except that the timer 
interrupt is generated on timer underflow 
instead of a chip reset. Refer to the 87C550 
data sheet for additional information on 
watchdog timer operation. 


Programming 
the Watchdog 
Timer 


Both the EPROM and ROM devices have a 
set of SFRs for holding the watchdog 
autoload values and the control bits. The 
watchdog time-out flag is present in the 
watchdog control register and operates the 


same in all versions. In the EPROM device, 
the watchdog parameters (autoload value 
and control) are always taken from the SFRs. 
In the ROM device, the watchdog parameters 
can be mask programmed or taken from the 
SFRs. The selection to take the watchdog 
parameters from the SFRs or from the mask 
programmed values is controlled by EA 
(external access). When EA is high (internal 
ROM access), the watchdog parameters are 
taken from the mask programmed values. If 
the watchdog is masked programmed to the 
timer mode, then the autoload values and the 
pre-scaler taps are taken from the SFRs. 
When EA is low (external access), the 
watchdog parameters are taken from the 
SFRs. The user should be able to leave code 
in his program which initializes the watchdog 
SFRs even though he has migrated to the 
mask ROM part. This allows no code 
changes from EPROM prototyping to ROM 
coded production parts. 


EPROM Device 
(and ROMless Operation: 
EA = 0) 
In the ROMless operation (ROM part, EA = 0) 
and in the EPROM device, the watchdog 
operates in the following manner. 


Whether the watchdog is in the watchdog or 
timer mode, when external RESET is applied, 
the following takes place: 


• Watchdog mode bit set to timer mode. 


• Watchdog run control bit set to OFF. 


• Autoload register set to FF (max count). 


• Watchdog time-out flag cleared. 


• Prescaler is cleared. 


• Prescaler tap set to the highest divide. 


• Autoload takes place. 


The watchdog can be fed even though it is in 
the timer mode. 


Note that the operational concept is for the 
watchdog mode of operation, when coming 
out of a hardware reset, the software should 
load the autoload registers, set the mode to 
watchdog, and then feed the watchdog 
(cause an autoload). The watchdog will now 
be starting at a known point. 


If the watchdog is in the watchdog mode and 
running and happens to underflow at the time 
the external RESET is applied, the watchdog 
time-out flag will be cleared. 


When the watchdog is in the watchdog mode 
and the watchdog underflows, the following 
action takes piace: 


• Autoload takes place. 


• Watchdog time-out flag is set 


• Timer mode interrupt flag unchanged. 


• Mode bit unchanged. 


• Watchdog run bit unchanged. 


• Autoload register unchanged. 


• Prescaler tap unchanged. 


• All other device action same as external 


reset. 


Note that if the watchdog underflows, the 
program counter will start from OOHas in the 
case of an external reset. The watchdog 
time-out flag can be examined to determine if 
the watchdog has caused the reset condition. 
The watchdog time-out flag bit can be cleared 
by software. 


When the watchdog is in the timer mode and 
the timer software underflows, the following 
action takes place: 


• Autoload takes place. 


• Watchdog time-out flag is set 


• Mode bit unchanged. 


• Watchdog run bit unchanged. 


• Autoload register unchanged. 


• Prescaler tap unchanged. 


The timer mode interrupt flag is cleared when 
the interrupt routine is invoked. This bit can 
also be cleared directly by software without a 
software feed operation. 


Mask ROM Device (EA = 1) 
In the mask ROM device, the watchdog 
mode bit (WDMOD) is mask programmed 
and the bit in the watchdog command register 
is read only and reflects the mask 
programmed selection. If the mask 
programmed mode bit selects the timer 
mode, then the watchdog run bit (WDRUN) 
operates as described under EPROM 
Device. If the mask programmed bit selects 
the watchdog mode, then the watchdog run 
bit has no effect on the timer operation. 


Watchdog 
Function 


The watchdog consists of a programmable 
prescaler and the main timer. The prescaler 
derives its clock from the on-chip oscillator. 
The prescaler consists of a divide by 12 
followed by a 13 stage counter with taps from 
stage 6 through stage 13. The tap selection is 
programmable. The watchdog main counter 
is a down counter clocked (decremented) 
each time the programmable prescaler 
underflows. The watchdog generates an 
underflow signal (and is autoloaded) when 
the watchdog is at count 0 and the clock to 
decrement the watchdog occurs. The 
watchdog is 8 bits long and the autoload 
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value can range from 0 to FFH. (The 
Interrupt 
Priorities 


autoload value of 0 is permissible since the 
prescaler is cleared upon autoload). 


This leads to the following user design 
equations. Definitions :Iose is the oscillator 
period, N is the selected prescaler tap value, 
W is the main counter autoload value, tMINis 
the minimum watchdog time-out value (when 
the autoload value is 0), tMAXis the maximum 
time-out value (when the autoload value is 
FFH), to is the design time-out value. 


tMIN; lose x 12 x 64 


tMAX; tMINx 128 x 256 


to ; tMINx 2PREseALERx W 
(where prescaler; 
0, 1, 2, 3, 4, 5, 6, or 7) 


Note that the design procedure is anticipated 
to be as follows. A tMAXwill be chosen either 
from equipment or operation considerations 
and will most likely be the next convenient 
value higher than to. (If the watchdog were 
inadvertently to start from FFH, an overflow 
would be guaranteed, barring other 
anomalies, to occur within tMAX).Then the 
value for the prescaler wouid be chosen from: 


prescaler ; 1092(tMAX/ (lose x 12 x 256)) - 6 


This then also fixes !MIN.An autoload value 
would then be chosen from: 


W ; to / tMIN- 1 


The software must be written so that a feed 
operation takes place every to seconds from 
the last feed operation. Some tradeoffs may 
need to be made. It is not advisable to 
include feed operations in minor loops or in 
subroutines unless the feed operation is a 
specific subroutine. 


Interrupts 
The 8XC550 interrupt structure is a 
seven-source, two-priority level interrupt 
system similar to that of the standard 80C51 
microcontroller. The interrupt sources are 
listed below in the order of their internal 
polling sequence. This is the order in which 
simultaneous interrupts of the same priority 
level would be serviced. 


PRIORITY 
SOURCE 
VECTOR 
FUNCTION 
ADDRESS 


Highest 
INTO 
0003H 
External 
interrupt 0 


TFO 
OOOBH 
Counter/ 
timer 0 
overflow 


INT1 
0013H 
External 
interrupt 1 
TF1 
001BH 
Counter/ 
timer 1 
overflow 


TI&RI 
0023H 
Serial port 
transmiV 
receive 


ADCI 
002BH 
AID 
converter 
conversion 
complete 


Lowest 
WOTOF 
0033H 
Watchdog 
timer 
overflow 
(only when 
not in 
watchdog 
mode) 


Interrupt 
Control 
Registers 


The standard 80C51 interrupt enable and 
priority registers have been modified slightly 
to take into account the additional interrupt 
sources of the 8XC550. 


Interrupt 
Enable Register 


MSB 
LSB 


lul~olu~~I~I~I=I~1 


Symbol 
Position 
Function 
EA 
IE7 
Global interrupt enable 


EWD 
IE.6 
Watchdog timer 
overfiow 
EAD 
IE.5 
AID conversion 
complete 


ES 
lEA 
Serial port transmit or 
receive 


ET1 
IE.3 
Timer 1 overflow 


EX1 
IE2 
External interrupt 1 


ETO 
IE1 
Timer 0 overflow 
EXO 
IEO 
External interrupt 0 


Interrupt 
Priority 
Register 


MSB 
I - I pwol PAD I ps I PT1 


LSB 


PT1 I PXO I PXO I 


Symbol 
PWD 
PAD 
PS 
PT1 
PX1 
PTO 
PXO 


Position 
IP.6 
IP.5 
IP.4 
IP.3 
IP.2 
IP.1 
IP.O 


Function 
Watchdog timer 


AID conversion 
Serial port interrupt 
Timer 1 interrupt 
Extemal interrupt 1 
Timer 0 interrupt 
External interrupt 0 


Power-Down 
and Idle Modes 


The 8XC550 includes the standard 80C51 
power-down and idle modes of reduced 
power consumption. In addition, the 8XC550 
includes an option to separately turn off the 
serial port for extra power savings when it is 
not needed. Also, the individual functional 
blocks such as the counter/timers are 
automatically disabied when they are not 
running. This actually turns off the clocks to 
the block in question, resulting in additional 
power savings. Note that when the watchdog 
timer is operating, the processor is inhibited 
from entering the power-down mode. This is 
due to the fact that the oscillator is stopped in 
the power-down mode, which would 
effectively turn off the watchdog timer. In 
keeping with the purpose of the watchdog 
timer, the processor is prevented from 
accidentally entering power-down due to 
some erroneous operation. 


Power Control 
Register 


MSB 
I SMOol 
SloL I - I - 
I GF1 I 
GFO 


LSB 


PO l,oL I 


Function 


Double baud rate bit. 
When set to a 1 and 
Timer 1 is used to 
generate baud rate, 
and the serial port is 
used in modes 1, 2, 
or3. 


Symbol 
Position 
SIDL 
PCON.6 


PCON.5 
PCONA 


GF1 
PCON.3 


GFO 
PCON.2 


PO 
PCON.1 


Function 
Separately idles the 
serial port for 
additional power 
savings. 
Reserved 
Reserved 
General-purpose flag 
bit. 
General-purpose flag 
bit. 
Power-down bit. 
Starting this bit 
activates power-down 
operation. 
Idle mode bit. Setting 
this bit activates idle 
mode operation. 


If 1s are written to PO and IDL at the same 
time, PO takes precedence. 
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OSCILLATOR 
CHARACTERISTICS 
XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Block Diagram, 
page 555). 


To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
ciock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 


BIT 
SYMBOL 
WOGON.? 
PRE2 
WDCON.6 
PREl 
WDCON.S 
PREQ 


IDLE MODE 
In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals except the 
AID stay active. the instruction to invoke the 
idle mode is the last instruction executed in 
the normal operating mode before the idle 
mode is activated. An AID conversion in 
progress will be aborted when idle mode is 
entered. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


Programmable 
Idle Modes 


The programmable idle modes have been 
dispersed throughout the functional blocks. 
Each block has its own ability to be disabled. 
For example, if timer 0 is not commanded to 
be running (TR ; 0), then the clock to the 
timer is disabled resulting in an idie mode 
power saving. An additional idle control bit 
has been added to the serial communications 
port. 


AID Operation 
in Idle Mode 
When in the idle mode, the AID converter will 
be disabled. However, the current through the 


VREF 
pins will be present and will not be 
reduced internally in either the idle or the 
power-down modes. It is the responsibility of 
the user to disconnect 
V REF to reduce power 


supply current. 


FUNCTION 
PRESCALER 
SELECT 
(READIWRITE) 
PRESCALER 
SELECT 
(READIWRITE) 
PRESCALER 
SELECT 
(READIWRITE). 
These bits selecllhe 
prescaler 
divide 
ratio according 
10 the following 
table: 


DIVISOR 


PRE2 
PRE1 
PREO 
(FROM 
lose) 
0 
0 
0 
12 X 64 


0 
0 
1 
12X64X2 
0 
1 
0 
12X64X4 


0 
1 
1 
12X64X8 
1 
0 
0 
12X64X16 


1 
0 
1 
12 X 64 X 32 


1 
1 
0 
12X64X64 
1 
1 
1 
12X64X 
128 


WDCON.4 
- 
NOT USED 
WDCON.3 
- 
NOT USED 
WDCON.2 
WDRUN 
RUN CONTROL 
(READIWAITE). 
This bit turns the timer on (WDRUN 
= 1) 


or oN (WORUN 
'" 0) if the timer mode has been selected. 
WOCON.l 
WDTQF 
TIMEOUT 
FLAG (READIWR1TE). 
This bit is set when the watchdog timer 
underflows. 
It is cleared by an external reset and can be cleared by software. 


WOCON.O 
WDMOD 
MODE 
SELECTION 
(READlWRITE). 
When WDMOD 
= 1, the watchdog 
mode is selected; when WDMOD 
= 0, the timer mode is selected. 
Selecting 


the watchdog mode automatically 
disables power-down 
mode. WDMOD 
is 
cleared by external reset. Once the watchdog mode is selected, 
this bit can 
only be cleared by writing a 0 to this bit and then performing a feed operation. 
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DESIGN CONSIDERATIONS 
At power-on, the voltage on Vcc and RST 
must come up at the same time for a proper 
start-up. 


When the idle mode is terminated by a 
hardware reset, the device normally resumes 
program execution, from where it left off, up 
to two machine cycles before the internal 
reset algorithm takes control. On-chip 
hardware inhibits access to internal RAM in 
this event, but access to the port pins is not 
inhibited. To eliminate the possibility of an 
unexpected write when idle is terminated by 
reset, the instruction following the one that 
invokes idle should not be one that writes to a 
port pin or to external memory. Table 2 shows 
the state of I/O ports during low current 
operating modes. 


Encryption 
Table 
The encryption table is a feature of the 
83C550 and 87C550 that protects the code 
from being easily read by anyone other than 
the programmer. The encryption table is 32 
bytes of code that are exclusive NORed with 
the program code data as it is read out. The 
first byte is XNORed with the first location 
read, the second with the second read, etc. 


After the encryption table has been 
programmed, the user has to know its 
contents in order to correctly decode the 
program code data. The encryption table 
itself cannot be read out. 


For the EPROM (87C550) part, the 
encryption table is programmed in the same 
manner as the program memory, but using 
the "Pgm Encryption Table" levels specified in 
Table 4. After the encryption table is 
programmed, verification cycles will produce 
only encrypted information. 


For the ROM part (83C550) the encryption 
table information is submitted with the ROM 
code as shown in Table 3. 


Security 
Bits 
There are two security bits on the 83C550 
and 87C550 that, when set, prevent the 
program data memory from being read out or 
programmed further. 


After the first security bit is programmed, the 
external MOVC instruction is disabled, and 
for the 87C550, further programming of the 
code memory or the encryption table is 
disabled. The other security bit can of course 


still be programmed. With only security bit 
one programmed, the memory can still be 
read out for program verification. After the 
second security bit is programmed, it is no 
longer possible to read out (verify) the 
program memory. 


To program the security bits for the 87C550, 
repeat the programming sequence using the 
"Pgm Security Bir levels specified in Table 4. 
For the masked ROM 83C550 the security bit 
information is submitted with the ROM code 
as shown in Table 3. 


ROM Code Submission 
When submitting a ROM code for the 
83C550, the following must be specified: 
1. The 4k byte user ROM program. 


2. The 32 byte ROM encryption key. 


3. The ROM security bits. 


4. The watchdog timer parameters. 


This information can be submitted in an 
EPROM (2764) or hex file with the format 
specified in Table 3. 


MODE 
PROGRAM MEMORY 
ALE 
'PSER 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
Extemal 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Intemal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


ADDRESS 
CONTENT 
BIT(s) 
COMMENT 


OOOOHto OFFFH 
Data 
7:0 
User ROM data 


1000Hto 101FH 
Key 
7:0 
ROM encryption key; FFH - no encryption 


1020H 
Security bit 
0 
ROM security bit 1 


1020H 
Security bit 
1 
ROM security bit 2 
o ~ enable security feature 
1 ~ disable security feature 


1030H 
WMOD 
0 
Watchdog mode bit; 
OOH~ timer mode 
01H ~ watchdog mode 


1031H 
PRE2:0 
2:0 
Watchdog prescaler selection; 


OOH~ divide by 12 x 64 
07H ~ divide by 12 x 64 x 128 
(see specification) 


1032H 
WD 
7:0 
Watchdog autoload value 
(see specification) 
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Electrical Deviations from Commercial Specifications for Extended Temperature Range 
DC and AC parameters not included here are the same as in the commercial temperature range table. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= -4O'C to +85'C, Vee = 5V ±10% (87C550), Vee = 5V ±20% (80/83C550), vss = OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


VIL 
Input low voltage, except EA 
-0.5 
0.2Vee-0.15 
V 


VIL1 
Input low voltage to EA 
0 
0.2Vec-O.35 
V 


VIH 
Input high voltage, except XTAL1, RST 
0.2Vee+1 
Vee+0.5 
V 


VIHl 
Input high voltage to XTAL1, RST 
0.7Vee+0.1 
Vee+0.5 
V 


IlL 
Logical 0 input current, ports 2, 3 
VIN = 0.45V 
-75 
flA 


ITL 
Logical l-to-O transition current, ports 2, 3 
V1N= 2.0V 
-750 
flA 


Ice 
Power supply current: 
Vee = 4.5-5.5V, 
mA 
Active mode 
Frequency range = 
35 
Idle mode 
6 
mA 
Power down mode 
3.5 to 16MHz 
50 
flA 


ADC DC ELECTRICAL 
CHARACTERISTICS 


AVec = 5V ±10%, AVSS= OV,Tamb= -40'C 
to 85'C, unless otherwise specified 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


AVec 
Analog supply 
AVec = Vee ± 0.2 
4.5 
5.5 
V 


VREF 
Analog reference; AVREF+AVREF- 
AVss-0.2 
AVec + 0.2 
V 


Alec 
Analog operating supply current 
, 
See note 1 
3.0 
mA 


AVIN 
Analog input voltage 
AVss- 
0.2 
AVec + 0.2 
V 


A1e,C1A 
Analog input capacitance 
15 
pF 


tAOS 
Sampling time 
8!cy 


tAoe 
Conversion time 
40!cy 


Ae 
Absolute voltage error 
±1.5 
LSB 


ERA 
Relative accuracy 
±1 
LSB 


OSe 
Offset error 
See note 1 
±1 
LSB 


Ge 
Gain 
error 
See note 1 
0.4 
% 


MeTe 
Channel-to-channel matching 
±1 
LSB 


Ct 
Crosstalk 
0-100kHz 
-60 
dB 


Rref 
Resistance between AVREF+and AVREF_ 
1.0 
10.0 
KQ 


AIIO 
Idle mode supply current 
See note 4 
50 
flA 


AIPO 
Power down supply current 
See note 4 
50 
flA 
NOTES: 
1. Conditions: VREF+= 4.99712V, VREF- = OV.Alec value does not include the resistor ladder current. For the 40-pin package, where the 
VREF- inputs are connected to AVec and AVss, the current Alec will be increased by the register ladder current and may exceed the 
maximum shown here. 


2. The resistor ladder network is not disconnected in the power-down or idle modes. Thus to conserve power, the user must remove AVec and 
VREF+· 


3. 
If the AID function is not required, or if the AID function is only needed periodically, AVec can be removed without affecting the operation of 
the digital circuitry. Contents of ADCON and ADAT are not guaranteed to be valid. Digital inputs Pl.0 to Pl.7 will not function normally. No 
digital outputs are present on these pins. 
4. 
For this test, the Analog inputs must be at the supplies (either Voo or Vss). 


PARAMETER 
RATING 
UNIT 


Operating temperature under bias 
--40 to +85 
°C 


Storage temperature range 
, 
--65 to +150 
°C 


Voltage on ~pp 
pin to Vss (87C550 only) 
o to +13.0 
V 


Voltage on any other pin to Vss 
-{J.5to +6.5 
V 


Input, output current on any two I/O pins 
±10 
mA 


Power dissipation (based on package heat transfer limitations, not device power consumption) 
1.5 
W 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 
2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°Cto +70°C or --40°C to +85°C, Vee = 5V ±10% (87C550), Vee = 5V ±20% (80/83C550), Vss = OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYPICAL1 
MAX 
UNIT 


VIL 
Input low voltage, except EA7 
-{J.5 
0.2Vee-{J·1 
V 


V1L1 
Inputlow voltage to EA7 
0 
0.2Vee-{J·3 
V 


VIH 
Input high voltage, except XTAL 1, RST7 
0.2Vee+0.9 
Vee+0.5 
V 


VIH1 
Input high voltage, XTAL1, RST7 
O.7Vee 
Vee+0.5 
V 


VOL 
Output low voltage, ports 2, 3 
IOL= 1.6mAz 
0.45 
V 


VOL1 
Output low voltage, port 0, ALE, PSEf\l 
IOL= 3.2mAz 
0.45 
V 


VOH 
Output high voltage, ports 2, 3, ALE, PSEf\l3 
IOH= --60~A, 
2.4 
V 


IOH= -25~A 
0.75Vee 
V 


IOH=-lO~A 
0.9Vee 
V 


VOHl 
Output high voltage (port 0 in external bus mode) 
IOH= -800~A, 
2.4 
V 


IOH=-300~A 
0.75Vee 
V 


IOH=-80~ 
0.9Vee 
V 


IlL 
Logical 0 input current, ports 1, 2, 37 
VIN = 0.45V 
-50 
~A 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 37 
See note 4 
--650 
~A 


III 
Input leakage current, port 0 
VIN = VIL or V1H 
+10 
~A 


Ice 
Power supply current (does not include Alee):7 
See note 6 
Active mode @ 16MHz5 
11.5 
25 
mA 
Idle mode @ 16MHz 
1.3 
5 
mA 
Power down mode 
3 
50 
~A 


RRST 
Internal reset pull-down resistor 
50 
300 
kfl 


CIO 
Pin capacitance (I/O pins only) 
10 
pF 
NOTES: 
1. Typical ratings are not guaranteed. The values listed are at room temperature, 5V. 
2. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VoLs of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 


ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 


3. Capacitive loading on ports 0 and 2 may cause the VOHon ALE and PSEf\l to momentarily fall below the 0.9Vee specification when the 


address bits are stabilizing. 
4. 
Pins of ports 2 and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 2V. 
5. 
ICeMAX at other frequencies is given by: Active mode; lecMAX = 1.43 x FRED + 1.90: Idle mode; IccMAX = 0.14 x FREQ +2.31, 
where FREQ is the external oscillator frequency in MHz. leeMAX is given in mA. See Figure 12. 


6. 
See Figures 13 through 16 for Ice test conditions. 
7. These values apply only to Tamb= O°Cto +70°C. For Tamb= --40°C to +85°C. See table on previous page. 


CMOS single-chip 
8-bit microcontroller 
with AID and watchdog 
timer 


AC ELECTRICAL 
CHARACTERISTICS 


lamb = O°Cto +70°C or -40°C to +85°C, VCC = 5V ±10% (87C550), VCC= 5V ±20% (80/83C550), Vss = OV1,2 


16MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1/lcLCL 
5 
Oscillator frequency: 
Speed Versions 
S8XC550 Exx 
3.5 
16 
MHz 


It.HLL 
5 
ALE pulse width 
85 
2lcLCL-40 
ns 


tAVLL 
5 
Address valid to ALE low 
7 
tCLCL-55 
ns 


tLLAX 
5 
Address hold after ALE low 
27 
tCLCL-35 
ns 


tLLlV 
5 
ALE low to valid instruction in 
150 
4lcLCL-100 
ns 


It.LPL 
5 
ALE low to I'SEJillow 
22 
tCLCL-40 
ns 


tPLPH 
5 
I'SEJil pulse width 
142 
3lcLCL-45 
ns 


tpLiv 
5 
I'SEJillow 
to valid instruction in 
82 
3lcLCL-105 
ns 


tPXIX 
5 
Input instruction hold after I'SEJil 
0 
0 
ns 


tPXIZ 
5 
Input instruction float after I'SEJil 
37 
lcLCL-25 
ns 


tAVIV 
5 
Address to valid instruction in 
207 
5lcLCL-105 
ns 


tpLAZ 
5 
I'SEJillow 
to address float 
10 
10 
ns 


Data Memory 


tRLRH 
6, 7 
FfD pulse width 
275 
6tCLCL-100 
ns 


tWLWH 
6, 7 
WR pulse width 
~ 
275 
6lcLCL-100 
ns 


tRLDV 
6, 7 
FfD low to valid data in 
212 
5lcLCL-165 
ns 


tRHDX 
6, 7 
Data hold after FfD 
0 
0 
ns 


tRHDZ 
6, 7 
Data float after FlU 
55 
2lcLCL-70 
ns 


tLLDV 
6, 7 
ALE low to valid data in 
350 
8lcLCL-150 
ns 


tAVDV 
6, 7 
Address to valid data in 
397 
9lcLCL-165 
ns 


tLLWL 
6,7 
ALE low to FfD or WR low 
137 
247 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
6,7 
Address valid to WR low or FfD low 
120 
4tCLCL-130 
ns 


lavwx 
6, 7 
Data valid to WR transition 
12 
tCLCL-50 
ns 


tWHQX 
6,7 
Data hold after WR 
12 
tCLCL-50 
ns 


tRLAZ 
6,7 
FfD low to address float 
0 
0 
ns 


tWHLH 
6,7 
FfD or WR high to ALE high 
22 
102 
tCLCL-40 
tCLCL+40 
ns 


External Clock 


lcHCX 
9 
High time 
20 
20 
ns 


lcLCX 
9 
Low time 
20 
20 
ns 


lcLCH 
9 
Rise time 
20 
20 
ns 


tCHCL 
9 
Fall time 
20 
20 
ns 


Shift Register 


tXLXL 
8 
Serial port clock cycle time 
750 
12lcLCL 
ns 


laVXH 
8 
Output data setup to clock rising edge 
492 
10lcLCL-133 
ns 


tXHQX 
8 
Output data hold after clock rising edge 
8 
2tCLCL-117 
ns 


tXHDX 
8 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
8 
Clock rising edge to input data valid 
492 
1OlcLCL-133 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and l"S"rn = 1OOpF,load capacitance for all other outputs = 80pF. 


CMOS single-chip 8-bit microcontroller 
with AID and watchdog timer 


EXPLANATION 
OF THE AC SYMBOLS 
Each timing symbol has five characters. The 
Q - 
Output data 


first character is always 'f (= time). The other 
R - 
11Usignal 


characters, depending on their positions, 
t 
- 
TIme 


indicate the name of a signal or the logical 
V - 
Valid 


status of that signal. The designations are: 
W - 
WR signal 


A - 
Address 
X - 
No longer a valid logic level 


C - 
Clock 
Z - 
Float 


D - 
Input data 
Examples: 
tAVLL= TIme for address valid 
H - 
Logic level high 
to ALE low. 
I 
- 
Instruction (program memory contents) 
tLLPL= TIme for ALE low to 


L - 
Logic level low, or ALE 
PSEJillow. 
P - 
PSEJil 


CMOS single-chip a-bit microcontroller 
with AID and watchdog timer 


OUTPUT 
DATA, 


t 


WAITE 
TO SBUF 


INPUT 
DATA 


~' 


CLEAA 
AI 


CMOS single-chip 
8-bit microcontroller 
with AID and watchdog timer 


Vee-{)·5 - - - - 


O·7Vee 
O.45V 
O.2VC~.1 


VeC-<>5=x 
>C 
o 2Vee+09 


o 45V 
.~O_2V~e~c-<>~_' 
~ 


liming 
Reference 


Points 


NOTE: 


AC inputs 
during 
tesling 
are driven 
al VCC 
-0.5 
for a logic '1' and O.45V for a logic '0'. 


Timing 
measurements 
are made at VIH min for a logic '1' and VIL for a logic '0'. 


NOTE, 


For timing 
purposes, 
a port is no longer 
floating 
when 
a l00mV 
change 
from load 


voltage 
occurs, 
and begins 
to float when 
a l00rnV 
change 
from the loaded 
VOt-+' 


VOL 
level 
occurs. 
IOJ-+'lOL 
2: ±...2QmA. 


Figure 12. Ice vs. FREQ (Commercial Temp. Range) 
Valid only within frequency specifications 
of the device under test 


CMOS single-chip 8-bit microcontroller 
with AID and watchdog timer 


Figure 13. Icc Test Condition, Active Mode 


All other pins are disconnected 
Figure 14. Icc Test Condition, Idle Mode 


All other pins are disconnected 


VCC-o·5 
- 
- 
- 
- 
o.7Vcc 
O.45V 
o.2VCC--O.1 


Figure 15. Clock Signal Waveform for Icc Tests in Active and Idle Modes 


tCLCH = tCHCL = 5ns 


Figure 16. Icc Test Condition, Power Down Mode 


All other pins are disconnected. 
VCC = 2V to 5.5V. 


CMOS single-chip 
8-bit microcontroller 
with AID and watchdog 
timer 


EPROM CHARACTERISTICS 
The 87C550 is programmed by using a 
modified Quick-Pulse Programming'· 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEJ15"FlOOpulses. 


The 87C550 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
S87C550 manufactured by Philips. 


Table 4 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the lock bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 17 and 18. Figure 19 shows 
the circuit configuration for normal program 
memory verification. 


Quick-Pulse Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 17. Note that 
the 87C550 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 


The address of the EPROM location to be 
programmed is applied to ports 2 and 3, as 
shown in Figure 17. The code byte to be 
programmed into that location is applied to 
port O.RST, J5SENand pins of ports 1 and 2 
specified in Table 4 are held at the 'Program 
Code Data' levels indicated in Table 4. The 
ALEJ15"FlOOis pulsed low 25 times as shown 
in Figure 18. 


To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 1FH, using the 'Pgm 
Encryption Table' levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 


To program the security bits, repeat the 25 
pulse programming sequence using the 'Pgm 
Security Bit' levels. After one security bit is 
programmed, further programming of the 
code memory and encryption table is 
disabled. However, the other security bit can 
still be programmed. 


Note that the ~pp 
pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 


Program Verification 
If security bit 2 has not been programmed, 
the on-chip program memory can be read out 
for program verification. The address of the 
program memory locations to be read is 
applied to ports 2 and 3 as shown in 
Figure 19. The other pins are held at the 
'Verify Code Data' levels indicated in Table 4. 
The contents of the address location will be 
emitted on port O.External pull-Ups are 
required on port 0 for this operation. 


If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 


The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031H, exceptthat 
PLO 


and Pl.l 
need to be pulled to a logic low. The 


values are: 
(030H) = 15H indicates manufactured by 


Philips 
(031H) = 96H indicates S87C550 


ProgramNerify 
Algorithms 


Any algorithm in agreement with the 
conditions listed in Table 4, and which 
satisfies the timing specifications, is suitable. 


Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary 
effects, 
it 


is recommended 
that an opaque label be 


placed over the window. 
For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345--5, or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-seclcm2. Exposing the EPROM to an 
ultraviolet lamp of 12,OOOuW/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 


Erasure leaves the array in an all 1s state. 


MODE 
RST 
PSER 
ALEJPROG 
Vi.JVpp 
P2.7 
P2.6 
Pl.l 
Pl.0 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program code data 
1 
0 
o· 
Vpp 
1 
0 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 


Pgm encryption table 
1 
0 
o· 
Vpp 
1 
0 
1 
0 


Pgm security bit 1 
1 
0 
O· 
Vpp 
1 
1 
1 
1 


Pgm security bit 2 
1 
0 
o· 
Vpp 
1 
1 
0 
0 
NOTES. 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 
2. Vpp = 12.75V±0.25V. 
3. 
Vcc = 5V±10% during programming and verification. 
ALEIP'ROO receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 1001'S(±lOl's) and high for a 
minimum of lOl's. 


AVcc 


VCC 


P3 
PO 


AST 
EJWpp 


Pl.D 
AL= 


Pl.1 
B7C550 
I'5EfI 


XTAl2 
P2.7 


P2.6 


XTAL1 
P2.o-P2.4 


AVSS 


VSS 


~ 
'""sMIN -1 1~·-----100IlS±10----_·1 


Ol~ 
~n~ 
n_ 


AVcc 


VCC 


P3 
PO 


AST 
EJWpp 


P1.0 
AL= 


Pl.1 
B7C550 
I'5EfI 


XTAL2 
P2.7 


P2.6 


XTAl1 
P2.o-P2.4 


AVSS 


VSS 


CMOS single-chip 8-bit microcontroller 
with AID and watchdog timer 


EPROM PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb = 21°C 
to +27"C, 
V CC = 5V±1 0%, V 55 = OV (See 
Figure 
20) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply 
current 
50 
mA 


11lCLCL 
Oscillator 
frequency 
4 
6 
MHz 


tAVGL 
Address 
setup 
to l"I1OG 
low 
48teLCL 


IGHAX 
Address 
hold 
after l"I1OG 
48tCLCL 


tOVGL 
Data 
setup 
to l"I1OG 
low 
48teLCL 


IGHOX 
Data 
hold 
after l"I1OG 
48teLCL 
" 


tEH5H 
P2.7 
(~) 
high to Vpp 
48teLCL 


t5HGL 
Vpp 
setup 
to l"I1OG 
low 
10 
fls 


tGH5L 
Vpp 
hold 
after l"I1OG 
10 
fls 


tGLGH 
l"I1OG 
width 
90 
110 
fls 


tAVQV 
Address 
to data 
valid 
48teLCL 


tELQZ 
~ 
low to data 
valid 
48teLCL 


tEHQZ 
Data 
float 
after 
~ 
0 
48teLCL 


IGHGL 
l"I1OG 
high 
to l"I1OG 
low 
10 
fls 


8XC552 OVERVIEW 
The 8XC552 is a stand-aione 
high-perlormance microcontroller designed 
for use in real-time applications such as 
instrumentation, industrial control, and 
automotive control applications such as 
engine management and transmission 
control. The device provides, in addition to 
the 80C51 standard functions, a number of 
dedicated hardware functions for these 
applications. 


The 8XC552 single-chip 8-bit microcontroller 
is manufactured in an advanced CMOS 
process and is a derivative of the 80C51 
microcontroller family. The 8XC552 uses the 
powerlul instruction set of the 80C51. 
Additional special function registers are 
incorporated to control the on-chip 
peripherals. Three versions of the derivative 
exist aithough the generic term "8XC552" is 
used to refer to family members: 


83C552: 
8k bytes mask-programmable 
ROM, 256 bytes RAM 


87C552: 
8k bytes EPROM, 256 bytes RAM 


80C552: 
ROMless version of the 83C552 


The 8XC552 contains a nonvolatile 8k x 8 
read-only program memory, a volatile 256 x 8 
read/write data memory, five 8-bit I/O ports 
and one 8-bit input port, two 16-bit 
timer/event counters (identical to the timers of 
the 80C51), an additional 16-bit timer coupled 
to capture and compare latches, a 
fifteen-source, two-priority-Ievel, nested 
interrupt structure, an 8-input ADC, a dual 
DAC pulse width modulated interlace, two 
serial interlaces (UART and 12Cbus), a 
''watchdog" timer, and on-chip oscillator and 
timing circuits. For systems that require extra 
capability, the 8XC552 can be expanded 
using standard TTL compatible memories 
and logic 


The 8XC552 has two software selectable 
modes of reduced activity for further power 
reduction-Idle 
and Power-down. The idle 


mode freezes the CPU and resets Timer T2 
and the ADC and PWM circuitry but allows 
the other timers, RAM, serial ports, and 
interrupt system to continue functioning. The 
power-down mode saves the RAM contents 
but freezes the oscillator, causing all other 
chip functions to become inoperative. 


83C562 OVERVIEW 
The 83C562 has been derived from the 
8XC552 with the following changes: 


• The SI01 (12C)interlace has been omitted. 


• The output of port lines P1.6 and P1.7 
have a standard configuration instead of 
open drain. 


• The resolution of the AID converter is 
decreased from 10 bits to 8 bits. 


• The time of an AID conversion has 
decreased from 50 machine cycles to 24 
machine cycles. 


All other functions, pinning and packaging are 
unchanged. 


This chapter of the users' guide can be used 
for the 83C562 by omitting or changing the 
following: 


• Disregard the description of SI01 (12C). 


• The SFRs for the interlace: S1ADR, 
SWAT, S1STA, and S1CON are not 
implemented. The two SI01 related flags 
ES1 in SFR IENOand PS1 in SFR IPOare 
also not implemented. These two flag 
locations are undefined after RESET. The 
interrupt vector for SI01 is not used. 


• Port lines P1.6 and P1.7 are not open drain 
but have the same standard configuration 
and electrical characteristics as P1.0-P1.5. 
Port lines P1.6 and P1.7 have alternative 
functions. 


• The AID converter has a resolution of 8 bits 
instead of 10 bits and consequently the two 
high-order bits 6 and 7 of SFR ADCON are 
not implemented. These two locations are 
undefined after RESET. The 8-bit result of 
an AID conversion is present in SFR 
ADCH. The result can always be 
calculated from the formula: 


256 
X 
V,N 
- 
AVref_ 


AVref+ 
- 
AVref_ 


The AID conversion time is 24 machine 
cycles instead of 50 machine cycles, and 
the sampling time is 6 machine cycles 
instead of 8 machine cycles. The 
conversion time takes 3 machine cycles 
per bit. 


• The serial I/O function SIOO and its SFRs 
SOBUF and SOCON are renamed to SIO, 


SBUF, and SCON. The interrupt related 
flags ESOand PSOare renamed ES and 
PS. Interrupt source SO is renamed S. The 
serial I/O function remains the same. 


Program 
Memory 
The 8XC552 contains 8k bytes of on-chip 
program memory which can be extended to 
64k bytes with external memories (see 
Figure 1). When the EA pin is held high, the 
8XC552 fetches instructions from internal 
ROM unless the address exceeds 1FFFH. 
Locations 2000H to FFFFH are fetched from 
external program memory. When the EA pin 
is held low, all instruction fetches are from 
external memory. ROM locations 0003H to 
0073H are used by interrupt service routines. 


Data Memory 
The internal data memory is divided into 3 
sections: the lower 128 bytes of RAM, the 
upper 128 bytes of RAM, and the 128-byte 
special function register areas. The lower 128 
bytes of RAM are directly and indirectly 
addressable. While RAM locations 128 to 255 
and the special function register area share 
the same address space, they are accessed 
through different addressing modes. RAM 
locations 128 to 255 are only indirectly 
addressable, and the special function 
registers are only directly addressable. All 
other aspects of the internal RAM are 
identical to the 8051. 


The stack may be located anywhere in the 
internal RAM by loading the 8-bit stack 
pointer. Stack depth is 256 bytes maximum. 


Special Function Registers 
The special function registers (directly 
addressable only) contain all of the 8XC552 
registers except the program counter and the 
four register banks. Most of the 56 special 
function registers are used to control the 
on-chip peripheral hardware. Other registers 
include arithmetic registers (ACC, B, PSW), 
stack pointer (SP), and data pointer registers 
(DHP, DPL). Sixteen of the SFRs contain 128 
directly addressable bit locations. Table 1 lists 
the 8XC552's special function registers. 


The standard 80C51 SFRs are present and 
function identically in the 8XC552 except 
where noted in the following sections. 


(FFFFH)64k 


External 


(2000H) 
8102 
A 
( 
\ 


Internal 
External 


(E7i = 1) 
(E7i = 0) 


'---------v 


Program 
Memory 


TimerT2 
TImer T2 is a 16-bit timer consisting of two 
registers TMH2 (HIGH byte) and TMl2 
(lOW 


byte). The 16-bit timer/counter can be 
switched off or clocked via a prescaler from 
one of two sources: fosc!12 or an eldemal 
signal. When TImer T2 is configured as a 
counter, the prescaler is clocked by an 
eldemal signal on T2 (P1.4). A rising edge on 
T2 increments the prescaler, and the 
maximum repetition rate is one count per 
machine cycle (1MHz with a 12MHz 
oscillator). 


The maximum repetition rate for TImer T2 is 
twice the maximum repetition rate for TImer 0 
and TImer 1. T2 (P1.4) is sampled at S2P1 
and again at S5P1 (i.e., twice per machine 
cycle). A rising edge is detected when T2 is 
lOW during one sample and HIGH dUring the 
neld sample. To ensure that a rising edge is 
detected, the input signal must be lOW for at 
least 1/2 cycle and then HIGH for at least 1/2 
cycle. If a rising edge is detected before the 
end of S2P1, the timer will be incremented 
during the following cycle; otherwise it will be 
incremented one cycle later. The prescaler 


(OOOOH) 0 
--v------/ 


Internal 
Data Memory 


has a programmable division factor of 1, 2, 4, 
or 8 and is cleared if its division factor or 
input source is changed, or if the 
timer/counter is reset. 


TImer T2 may be read "on the fly" but 
possesses no extra read latches, and 
software precautions may have to be taken to 
avoid misinterpretation in the event of an 
overflow from least to most significant byte 
while TImer T2 is being read. TImer T2 is not 
loadable and is reset by the RST signal or by 
a rising edge on the input signal RT2, if 
enabled. RT2 is enabled by setting bit T2ER 
(TM2CON.5). 


When the least significant byte of the timer 
overflows or when a 16-bit overflow occurs, 
an interrupt request may be generated. Either 
or both of these overflows can be 
programmed to request an interrupt. In both 
cases, the interrupt vector will be the same. 
When the lower byte (TML2) overflows, flag 
T2BO (TM2CON) is set and flag T20V 
(TM2IR) is set when TMH2 overflows. These 
flags are set one cycle after an overflow 
occurs. Note that when T20V is set, T2BO will 
also be set. To enable the byte overflow 


interrupt, bits ET2 (IEN1.7, enable overflow 
interrupt, see Figure 2) and T21S0 
(TM2CON.6, byte overflow interrupt select) 
must be set. Bit TWBO (TM2CON.4) is the 
TImer T2 byte overflow flag. 


To enable the 16-bit overflow interrupt, bits 
ET2 (IE1.7, enabie overflow interrupt) and 
T21S1 (TM2CON.7, 16-bit overflow interrupt 
select) must be set. Bit T20V (TM2IR.7) is 
the Timer T2 16-bit overflow flag. All interrupt 
flags must be reset by software. To enable 
both byte and 16-bit overflow, T21S0 and 
T21S1 must be set and two interrupt service 
routines are required. A test on the overflow 
flags indicates which routine must be 
executed. For each routine, only the 
corresponding overflow flag must be cleared. 


TImer T2 may be reset by a rising edge on 
RT2 (P1.5) if the TImer T2 eldemal reset 
enable bit (T2ER) in T2CON is set. This reset 
aiso clears the prescaler. In the idle mode, 
the timer/counter and prescaler are reset and 
halted. TImer T2 is controlled by the 
TM2CON special function register (see 
Figure 3). 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 
RESET 


ADDRESS 
MSB 
LSB 
VALUE 


ACC" 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


ADCH# 
ND converter high 
C6H 
xxxxxxxxB 


ADCON# 
Adc control 
C5H 
ADC.1 IADC.O I ADEX I ADCI I ADCS I AADR2 I AADR1 I AADRO 
xxOOOOOOB 


B" 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


CTCON# 
Capture control 
EBH 
CTN3 I CTP3 I CTN2 I CTP2 I CTN1 I CTP1 I CTNO I CTPO 
OOH 


CTH3# 
Capture high 3 
CFH 
xxxxxxxxB 
CTH2# 
Capture high 2 
CEH 
xxxxxxxxB 
CTH1# 
Capture high 1 
CDH 
xxxxxxxxB 


CTHO# 
Capture high 0 
CCH 
xxxxxxxxB 
CMH2# 
Compare high 2 
CBH 
OOH 
CMH1# 
Compare high 1 
CAH 
OOH 
CMHO# 
Compare high 0 
C9H 
OOH 
CTL3# 
Capture low 3 
AFH 
xxxxxxxxB 


CTL2# 
Capture low 2 
AEH 
xxxxxxxxB 


CTL1# 
Capture low 1 
ADH 
xxxxxxxxB 


CTLO# 
Capture low 0 
ACH 
xxxxxxxxB 
CML2# 
Compare low 2 
ABH 
OOH 
CML1# 
Compare low 1 
AAH 
OOH 
CMLO# 
Compare low 0 
A9H 
OOH 


DPTR: 
Data pointer 


(2 bytes) 


DPH 
Data pointer high 
83H 
OOH 
DPL 
Data pointer low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IENO"# 
Interrupt enable 0 
A8H 
EA 
I EAD I 
ES1 
I 
ESO I 
ET1 
I 
EX1 
I 
ETO I 
EXO 
OOH 


EF 
EE 
ED 
EC 
EB 
EA 
E9 
E8 


IEN1"# 
Interrupt enable 1 
E8H 
ET2 I ECM2 I ECM1 I ECMO I ECT3 I ECT2 I ECT1 I ECTO 
OOH 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IPO"# 
Interrupt priority 0 
B8H 
- 
I PAD I 
PS1 
I 
PSO I 
PT1 
I 
PX1 
I 
PTO I 
PXO 
xOOOOOOOB 


FF 
FE 
FD 
FC 
FB 
FA 
F9 
F8 


IP1"# 
Interrupt priority 1 
F8H 
PT2 I PCM2 I PCM1 I PCMO I PCT3 I PCT2 I PCT1 I PCTO 
OOH 


P5# 
Port 5 
C4H 
ADC7 I ADC6 I ADC5 I ADC4 I ADC3 I ADC2 I ADC1 I ADCO 
xxxxxxxxB 


C7 
C6 
C5 
C4 
C3 
C2 
C1 
CO 


P4# 
Port 4 
COH 
CMT1 I CMTO I CMSR5 I CMSR4 I CMSR3 I CMSR2 I CMSR1 I CMSRO 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 
P3" 
Port 3 
BOH 
1m 
I WR I 
T1 
I 
TO 
I Tfm 
I Tm'O I 
TXD 
I 
RXD 
FFH 


A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 


P2" 
Port 2 
AOH 
A15 I A14 I 
A13 
I 
A12 
I 
A11 
I 
A10 
I 
A9 
I 
A8 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1" 
Port 1 
90H 
SDA I SCL I 
RT2 
I 
T2 
I 
CT31 I 
CT21 I 
CT11 I 
CTOI 
FFH 


87 
86 
85 
84 
83 
82 
81 
80 


PO" 
PortO 
80H 
AD7 I AD6 I 
AD5 
I 
AD4 
I 
AD3 
I 
AD2 
I 
AD1 
I 
ADO 
FFH 
PCON# 
Power control 
87H 
SMOD I 
- 
I 
- 
I 
WLE I 
GF1 
I 
GFO I 
PD 
I 
IDL 
OOxxOOOOB 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


PSW" 
Program status word 
DOH 
CY 
I 
AC 
I 
FO 
I 
RS1 
I 
RSO I 
OV 
I 
F1 
I 
P 
OOH 


Table 1. 
8XC552 Special Function Registers (Continued) 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 
RESET 
ADDRESS 
MSB 
LSB 
VALUE 


PWMP# 
PWM prescaler 
FEH 
OOH 
PWM1# 
PWM register 1 
FOH 
OOH 
PWMO# 
PWM register 0 
FCH 
OOH 


RTE# 
Reset/toggle enable 
EFH 
TP47 
RP40 
OOH 


SP 
Stack pointer 
81H 
07H 


SOBUF 
Serial 0 data buffer 
99H 
xxxxxxxxB 


9F 
9C 
9B 
9A 
98 


SOCON' 
Serial 0 control 
98H 
SMO 
Ri 
OOH 


S1AOR# 
Serial 1 address 
OBH 
GC 
OOH 


SIOAT# 
Serial 1 data 
OAH 
OOH 


S1STA# 
Serial 1 status 
09H 
SC4 
0 
F8H 


OF 
08 


SICON#" 
Serial 1 controi 
08H 
CR2 
CRO 
OOH 


STE# 
Set enable 
EEH 
TG47 
SP40 
COH 


TH1 
Timer high 1 
80H 
OOH 
THO 
Timer high 0 
8CH 
OOH 
TL1 
Timer low 1 
8BH 
OOH 


TLO 
Timer low 0 
8AH 
OOH 
TMH2# 
Timer high 2 
EOH 
OOH 


TML2# 
Timer low 2 
ECH 
OOH 


TMOO 
Timer mode 
89H 
GATE 
MO 
OOH 


8F 
88 


TCON' 
Timer control 
88H 
TF1 
ITO 
OOH 


TM2CON# 
Timer 2 control 
EAH 
T21S1 
T2MSO 
OOH 


CF 
C8 


TM2IR#" 
Timer 2 int flag reg 
C8H 
T20V 
CTIO 
OOH 


T3# 
Timer 3 
FFH 
OOH 


SFRs are bit addressable. 
# 
SFRs are modified from or added to the 80C51 SFRs. 


IEN1.7 


IEN1.6 


IEN1.5 


IEN1.4 


IEN1.3 


IEN1.2 


IEN1.1 


IEN1.0 


Enable 
Timer 
T2 overflow 
interrupt(s) 


Enable 
T2 Comparator 
2 interrupt 


Enable 
T2 Comparator 
1 interrupt 


Enable 
T2 Comparator 
0 interrupt 


Enable 
T2 Capture 
regIster 
3 Interrupt 


Enable 
T2 Capture 
register 
2 interrupt 


Enable 
T2 Capture 
register 
1 interrupt 


Enable 
T2 Capture 
register 
0 interrupt 


TM2CON.7 


TM2CON.6 


TM2CON.5 


TM2CON.4 


TM2CON.3 


TM2CON.2 


Timer T2 Extension: 
When a 12MHz 
oscillator is used, a 16-bit over1low on Timer 
T2 occurs every 65.5, 131, 262, or 524 ms, 
depending on the prescaler division ratio; i.e., 
the maximum cycle time is approximately 
0.5 seconds. In applications where cycle 
times are greater than 0.5 seconds, it is 
necessary to extend Timer T2. This is 
achieved by selecting foscl12 as the clock 
source (setT2MSO, resetT2MS1), 
setting 


the prescaler division ration to 1/8 (set T2PO, 
set T2P1), disabling the byte overflow 
interrupt (reset T21S0) and enabling the 16-bit 
overflow interrupt (set T21S1). The following 
software routine is written for a three-byte 
extension which gives a maximum cycle time 
of approximately 2400 hours. 


OVINT: PUSH 
PUSH 
INC 


ACC 
;save accumulator 
PSW 
;save status 
TIMEX1 ;increment first 
;byte (low order) 
;of extended timer 


A,TIMEX1 
INTEX 
;jump to INTEX if 
;there is no 
;overflow 


TlmerT216-bft 
overflow 
Interrupt 
select 


Timer 
T2 byte overflow 
interrupt 
select 


Timer 
T2 external 
reset enable. 
When 
this bit Is 


set, Timer 
T2 may be reset by a rising 
edge 
on 


RT2(Pl.5). 


Timer 
T2 byte overflow 
Interrupt 
flag 
T2BO 


T2P1 
} 


T2PO 


T2P1 
T2PO 
Timer 
T2 Clock 


0 
0 
Clock 
source 
0 
1 
Clock 
source12 


1 
0 
Clock 
sourcel4 


1 
1 
Clock 
sourcel8 


T2MS1 
TZMSO 
Mode 
Selected 


0 
0 
Timer 
T2 halted 
(off) 
0 
1 
T2 clock 
source 
= 1osd12 
1 
0 
Test mode; 
do not use 
1 
1 
T2 clock 
source 
= pin T2 


INC 
TiMEX2 ;increment second 


;byte 
MOV 
A,TIMEX2 
JNZ 
INTEX 
;jump to INTEX if 
;there is no 
;overflow 
INC 
TIMEX3 ;increment third 


;byte (high order) 


;reset interrupt 
;flag 
;restore status 
;restore 
accumulator 
;return from 
;interrupt 


Timer T2, Capture and Compare 
Logic: 
Timer T2 is connected to four 16-bit capture 
registers and three 16-bit compare registers. 
A capture register may be used to capture 
the contents of Timer T2 when a transition 
occurs on its corresponding input pin. A 
compare register may be used to set, reset, 
or toggle port 4 output pins at certain 
pre-programmable time intervals. 


The combination of Timer T2 and the capture 
and compare logic is very powerful in 
applications involving rotating machinery, 
automotive injection systems, etc. Timer T2 
and the capture and compare logic are 
shown in Figure 4. 


Capture Logic: The four 16-bit capture 
registers that Timer T2 is connected to are: 
CTO, CT1 , CT2, and CT3. These registers 
are loaded with the contents of Timer T2, and 
an interrupt is requested upon receipt of the 
input signals CTOI, CT11, CT21, or CT3i. 
These input signals are shared with port 1. 
The four interrupt flags are in the Timer T2 
interrupt register (TM2IR special function 
register). If the capture facility is not required, 
these inputs can be regarded as additional 
external interrupt inputs. 


Using the capture control register CTCON 
(see Figure 5), these inputs may capture on a 
rising edge, 
a falling edge, 
or on either a 


rising or falling edge. The inputs are sampled 
during S1P1 of each cycle. When a selected 
edge is detected, the contents of Timer T2 
are captured at the end of the cycle. 


External 
reset 
enable 


S 
R 


S 
R 


S 
R 


S 
R 


S 
R 


S 
R 


TG 
T 


TG 
T 


STE 
RTE 


Measuring 
Time Intervals 
Using Capture 


Registers: 
When a recurring external event 
is represented in the form of rising or falling 
edges on one of the four capture pins, the 
time between two events can be measured 
using Timer T2 and a capture register, When 
an event occurs, the contents of Timer T2 are 
copied into the relevant capture register and 
an interrupt request is generated. The 
interrupt service routine may then compute 
the interval time if it knows the previous 
contents of Timer T2 when the last event 
occurred. With a 12MHz oscillator, Timer T2 
can be programmed to overflow every 
524ms. When event interval times are shorter 
than this, computing the interval time is 
simple, and the interrupt service routine is 
short. For longer interval times, the Timer T2 
extension routine may be used. 


Compare Logic: 
Each time Timer T2 is 
incremented, the contents of the three 16-bit 
compare registers CMO, CM1, and CM2 are 
compared with the new counter value of 


8·blt overflow 
Interrupt 


t6·bit 
overflow 
interrupt 


P4.0 


P4.1 


P4.2 
va port 4 


P4.3 


P4.4 


P4.5 


P4.6 


P4.7 


S 
= set 


R 
= reset 


T 
= toggle 


TG = toggle 
status 


Timer T2. When a match is found, the 
corresponding interrupt flag in TM21R is set at 
the end of the following cycle. When a match 
with CMOoccurs, the controller sets bits 0-5 
of port 4 if the corresponding bits of the set 
enable register STE are at logic 1. 


When a match with CM1 occurs, the 
controller resets bits 0-5 of port 4 if the 
corresponding bits of the reseVtoggle enable 
register RTE are at logic 1 (see Figure 6 for 
RTE register function). If RTE is "0", then 
P4.n is not affected by a match between CM1 
or CM2 and Timer 2. When a match with 
CM2 occurs, the controller "toggles" bits 6 
and 7 of port 4 if the corresponding bits of the 
RTE are at logic 1. The port latches of bits 6 
and 7 are not toggied. Two additional 
flip-flops store the last operation, and it is 
these flip-flops that are toggled. 


Thus, if the current operation is "set," the next 
operation will be "reset" even if the port latch 
is reset by software before the "reset" 
operation occurs. The first "toggle" after a 


chip RESET will set the port latch. The 
contents of these two flip-flops can be read at 
STE.6 and STE.7 (corresponding to P4.6 and 
P4.7, respectively). Bits STE.6 and STE.7 
are read only (see Figure 7 for STE register 
function). A logic 1 indicates that the next 
toggle will set the port latch; a logic 0 
indicates that the next toggle will reset the 
port latch. CMO, CM1, and CM2 are reset by 
the RST signal. 


The modified port latch information appears 
at the port pin during S5P1 of the cycle 
following the cycle in which a match 
occurred. If the port is modified by software, 
the outputs change during S1P1 of the 
follOWingcycle. Each port 4 bit can be set or 
reset by software at any time. A hardware 
modification resulting from a comparator 


match takes 
precedence 
over a software 


modification in the same cycle. When the 
comparator results require a "set" and a 
"reset" at the same time, the port latch will be 
reset. 


Timer T2 Interrupt 
Flag Register TM2IR: 
Eight of the nine Timer T2 interrupt flags are 
located in special function register TM21R 
(see Figure 8). The ninth flag is TM2CON.4. 


The CTOI and CT11flags are set during S4 of 
the cycle in which the contents of Timer T2 
are captured. CTOI is scanned by the 
interrupt logic during S2, and CT11 is 
scanned during S3. CT21and CT31are set 
during S6 and are scanned during S4 and 
S5. The associated interrupt requests are 
recognized during the following cycle. If these 


flags are polled, a transition at CTOI or CT11 
will be recognized one cycle before a 
transition on CT21or CT31 since registers are 
read during S5. The CMIO, CMI1, and CMI2 
flags are set during S6 of the cycle following 
a match. CMIO is scanned by the interrupt 
logic during S2; CMI1 and CMI2 are scanned 
during S3 and S4. A match will be recognized 
by the interrupt logic (or by polling the flags) 
two cycles after the match takes place. 


overflow flag (T2BO) are set during S6 of the 
cycle in which the overflow occurs. These 
flags are recognized by the interrupt logic 
during the next cycle. 


Special function register IP1 (Figure 8) is 
used to determine the Timer T2 interrupt 
priority. Selling a bit high gives that function a 
high priority, and selling a bit low gives the 
function a low priority. The functions 
controlled by the various bits of the IP1 
register are shown in Figure 8. 


CTCON 
(E8N) 


(MSB) 


Bit 
Symbol 


CTCON.7 
CTN3 


CTCON.6 
CTP3 


CTCON.5 
CTN2 


CTCON.' 
CTP2 


CTCON.3 
CTNl 


CTCON.2 
CTPI 


CTCON.1 
CTNO 


CTCON.O 
CTPO 


Capture 
Register 
3 triggered 
by 8 failing 
edge 
on CT31 


Capture 
Register 
3 triggered 
by 8 rl81ng edge 
on eTaI 


Capture 
Regllt.r 
2 triggered 
by • fallln9 
edge 
on CT21 


Capture 
Register 
2 triggered 
by • rising 
edge 
on en. 


Capture 
Register 
1 triggered 
by • failing 
edge 
on CTtl 


Capture 
Register 
1 triggered 
by. 
riling 
edge on CTtl 


Capture 
Reglater 
0 triggered 
by 8 '8l11ng edge 
on eTOI 


Capture 
Register 
0 triggered 
by. 
rising 
edge 
on eTOI 


RTE.7 


RTE.6 


RTE.S 


RTE.4 


RTE.3 


RTE.2 


RTE.1 


RTE.O 


TP47 
tf "," 
then 
P4.7 toggles 
on a match 
between 
CM2 and TImer 
T2 


TP46 
tf "," 
then 
P4.6 toggles 
on a match 
between 
CM2 and Timer 
T2 


RP45 
If "," 
then 
P4.5 Is reset 
on a match 
between 
eM' 
and Timer 
T2 


RP44 
If "," 
then 
P4.4 Is reset 
on 8 match 
between 
CM1 and Timer 
T2 


RP43 
If "1" 
then 
P4.3 Is reset 
on a match 
between 
CM1 and Timer 
T2 


RP42 
tf "1" 
then 
P4.2 Is reset 
on a match 
between 
CM1 and Timer 
T2 


RP41 
If "1" 
then 
P4.1 Is reset 
on a match 
between 
CM1 and TlmerT2 


RP4Q 
If "I" 
then 
P4.0 Is reset 
on a malch 
between 
CMl 
and Tlmer 
T2 


Toggle 
flip-flops 


Toggle 
flip-.flops 


If "I" 
then 
P4.51s 
set on a match 
between 
CMO and Timer 
T2 


If "I" 
then 
P4.4 Is set on a match 
between 
CMO and Timer 
T2 


If "I" 
then 
P4.31s 
set on a match 
between 
CMO andTlmer 
T2 


tf "I" 
then 
P4.21s 
set on a match 
between 
CMO andTlmer 
T2 


If "I" 
then 
P4.1 Is set on a match 
between 
CMO andTlmer 
T2 


If "I" 
then 
P4.0 Is set on a match 
between 
CMO and TimerT2 


Timer 
T2 
overflow 
Interrupt(s) 
priority 
level 


Timer 
T2 comparator 
2 Interrupt 
priority 
level 


Timer 
T2 comparator 
1 Interrupt 
priority 
level 


TImer 
T2 comparator 
0 Interrupt 
priority 
level 


Timer 
T2 capture 
register 
3 interrupt 
priority 
level 


Timer 
T2 capture 
register 
2 Interrupt 
priority 
level 


Timer 
T2 capture 
register 
1 Interrupt 
priority 
level 


Timer 
T2 capture 
register 
0 Interrupt 
priority 
level 


If the 8-bit timer overflows, a short internal 
reset pulse is generated which will reset the 
8XC552. A short output reset pulse is also 
generated at the RST pin. This short output 
pulse (3 machine cycles) may be destroyed if 
the RST pin is connected to a capacitor. This 
would not, however, affect the internal reset 
operation. 


Watchdog operation is activated when 
external pin EW is tied low. When EW is tied 
low, it is impossible to disable the watchdog 
operation by software. 


How to Operate the Watchdog 
Timer: The 


watchdog timer has to be reloaded within 
periods that are shorter than the programmed 
watchdog interval; otherwise the watchdog 
timer will overflow and a system reset will be 
generated. The user program must therefore 
continually execute sections of code which 
reload the watchdog timer. The period of time 
elapsed between execution of these sections 
of code must never exceed the watchdog 
interval. When using a 16MHz oscillator, the 
watchdog interval is programrnable between 
1.5ms and 392ms. When using a 24MHz 
oscillator, the watchdog interval is 


Timer T3, The Watchdog 
Timer 
In addition to Timer T2 and the standard 
timers, a watchdog timer is also incorporated 
on the 8XC552. The purpose of a watchdog 
timer is to reset the microcontroller if it enters 
erroneous processor states (possibly caused 
by electrical noise or RFI) within a reasonable 
period of time. An analogy is the "dead man's 
handle" in railway locomotives. When 
enabled, the watchdog circuitry will generate 
a system reset if the user program fails to 
reload the watchdog timer within a specified 
length of time known as the "watchdog 
interval." 


Watchdog 
Circuit 
Description: 
The 


watchdog timer (Timer T3) consists of an 
8-bit timer with an 11-bit prescaler as shown 
in Figure 9. The prescaler is fed with a signal 
whose frequency is 1/12 the oscillator 
frequency (1MHz with a 12MHz oscillator). 
The 8-bit timer is incrernented every "t" 
seconds, where: 


t = 12 x 2048 x 1/fose 
(= 1.5ms at fose = 16MHz; 
= 1ms at fose = 24M Hz) 


TM21R.7 


TM21R.6 


TM21R.5 


TM21R.4 


TM21R.3 


TM21R.2 


TM21R.1 


TM2IR.O 


Timer 
T2 16-blt overflow 
Interrupt 
flag 


CM2 interrupt 
flag 


CM1 interrupt 
flag 


CMO Interrupt 
flag 


CT3 Interrupt 
flag 


CT2 Interrupt 
flag 
cn Interrupt 
flag 


CTO interrupt 
flag 


programmable between 1ms and 255ms. 


In order to prepare software for watchdog 
operation, a programmer should first 
determine how long his system can sustain 
an erroneous processor state. The result will 
be the maximum watchdog interval. As the 
maximum watchdog interval becomes 
shorter, it becomes more difficult for the 
programmer to ensure that the user program 
always reloads the watchdog timer within the 
watchdog interval, and thus it becomes more 
difficult to implement watchdog operation. 


The programrner rnust now partition the 
software in such a way that reloading of the 
watchdog is carried out in accordance with 
the above requirements. The prograrnmer 
must determine the execution times of all 
software modules. The effect of possible 
conditional branches, subroutines, external 
and internal interrupts rnust ail be taken into 
account. Since it may be very difficult to 
evaluate the execution times of some 
sections of code, the programmer should use 
worst case estimations. In any event, the 
programmer must make sure that the 
watchdog is not activated during norrnal 
operation. 


The watchdog timer is reloaded in two stages 


in order to prevent 
erroneous 
software 
from 


reloading the watchdog. First PCONA (WLE) 
must be set. The T3 may be loaded. When 
T3 is loaded, PCONA (WLE) is automatically 
reset. T3 cannot be loaded if PCONA (WLE) 
is reset. Reload code may be put in a 
subroutine as it is called frequently. Since 
Timer T3 is an up-counter, a reload value of 
OOHgives the maximum watchdog interval 
(51Oms with a 12MHz oscillator), and a 
reload value of OFFH gives the minimum 
watchdog interval (2ms with a 12MHz 
oscillator). 


In the idle mode, the watchdog circuitry 
remains active. When watchdog operation is 
implemented, the power-down mode cannot 
be used since both states are contradictory. 
Thus, when watchdog operation is enabled 
by tying external pin EW low, it is impossiblE! 
to enter the power-down mode, and an 
attempt to set the power-down bit (PCON.1) 
will have no effect. PCON.1 will remain at 
logic O. 


During the early stages of sottware 
developmenVdebugging, 
the watchdog may 
be disabled by tying the EW pin high. At a 
later stage, EW may be tied low to complete 
the debugging process. 


Watchdog 
Software 
Example: The following 


example shows how watchdog operation 
might be handled in a user program. 


;at the program start: 


T3 
EQU OFFH ;address of 
;watchdog 
;timerT3 
PCON 
EQU 087H ;address of 


;PCON SFR 
WATCH-INTV 
EQU 
156 
;watchdog 
;interval 
;(e.g.,2x100ms) 


;to be inserted at each watchdog reload 
;Iocation within the user program: 


WATCHDOG: 
ORL 
PCON,#10H ;set 


;condition 
;flag 
(PCONA) 
MOV T3,WATCH-INV 
;Ioad T3 
;with 
;watchdog 
;interval 


If it is possible for this subroutine to be called 
in an erroneous state, then the condition flag 
WLE should be set at different parts of the 
main program. 


Serial VO 
The 8XC552 is equipped with two 
independent serial ports: SIOO and S101. 
SIOO is a full duplex UART port and is 


identical to the 80C51 serial port. SI01 
accommodates the 12Cbus. 


SIOO: SIOO is a full duplex serial 1/0 port 
identical to that on the 80C51. Its operation is 
the same, including the use of timer 1 as a 
baud rate generator. 


S101, 12CSerial 1/0: The 12Cbus uses two 
wires (SDA and SCL) to transfer information 
between devices connected to the bus. The 
main features of the bus are: 
- Bidirectional data transfer between masters 
and slaves 


- Multimaster bus (no central master) 


- Arbitration between simultaneously 


transmitting masters without corruption of 
serial data on the bus 


- Serial clock synchronization allows devices 
with different bit rates to communicate via 
one serial bus 


- Serial clock synchronization can be used 
as a handshake mechanism to suspend 
and resume serial transfer 


- The 12Cbus may be used for test and 
diagnostic purposes 


The output latches of P1.6 and P1.7 must be 
set to logic 1 in order to enable S101. 


The 8XC552 on-chip 12Clogic provides a 
serial interlace 
that meets 
the 
t2C bus 
specification and supports all transfer modes 
(other than the low-speed mode) from and to 
the 12Cbus. The SI01 logic handles bytes 
transfer autonomously. It also keeps track of 


serial transfers, and a status register (Sl STA) 
reflects the status of SIOl and the 12C bus. 


The CPU interfaces to the 12C logic via the 
following four special function registers: 
SlCON 
(SIOl control register), SlSTA (SIOl 


status register), SlOAT (SIOl data register), 
and SlADA 
(SiOl slave address register). 
The SIOl logic interfaces to the external 12C 
bus via two port 1 pins: Pl.6/SCL 
(serial 


clock line) and Pl.7/SDA 
(serial data line). 


A typical 12Cbus configuration Is shown in 
Figure 10, and Figure 11 shows how a data 
transfer is accomplished on the bus. 
Depending on the state of the direction bit 
(AIW), two types of data transfers are 
possible on the 12Cbus: 
1. Data transfer from a master transmitter to 


a slave receiver. The first byte transmitted 
by the master is the slave address. Next 
follows a number of data bytes. The slave 
returns an acknowledge bit after each 
received byte. 


2. 
Data transfer from a slave transmitter to a 
master receiver. The first byte (the slave 
address) is transmitted by the master. The 
slave then returns an acknowledge bit. 
Next follows the data bytes transmitted by 
the slave to the master. The master 
returns an acknowledge bit after all 
received bytes other than the last byte. At 
the end of the last received byte, a "not 
acknowledge" is returned. 


The master device generates all of the serial 
clock pulses and the STAAT and STOP 
conditions. A transfer is ended with a STOP 
condition or with a repeated STAAT 
condition. Since a repeated STAAT condition 
is also the beginning of the next serial 
transfer, the 12Cbus will not be released. 


Modes of Operation: 
The on-chip SIOl logic 


may operate in the following four modes: 


1. Master Transmitter Mode: 


Serial data output through Pl.7/SDA 
while Pl.6/SCL 
outputs the serial clock. 
The first byte transmitted contains the 
slave address of the receiving device (7 
bits) and the data direction bit. In this 
case the data direction bit (RfW) will be 
logic 0, and we say that a 'W" is 
transmitted. Thus the first byte transmitted 
is SLA+W. Serial data is transmitted 8 bits 


at a time. After each byte is transmitted, 
an acknowledge bit is received. STAAT 
and STOP conditions are output to 
indicate the beginning and the end of a 
serial transfer. 


2. 
Master Aeceiver Mode: 


The first byte transmitted contains the 
slave address of the transmitting device 
(7 bits) and the data direction bit. In this 
case the data direction bit (AIW) will be 
logic 1, and we say that an "A" is 
transmitted. Thus the first byte transmitted 
is SLA+R. Serial data is received via 
P1.7/SDA while Pl.6/SCL 
outputs the 
serial clock. Serial data is received 8 bits 
at a time. After each byte is received, an 
acknowledge bit is transmitted. STAAT 
and STOP conditions are output to 
indicate the beginning and end of a serial 
transfer. 


3. 
Slave Aeceiver Mode: 


Serial data and the serial clock are 
received through Pl.7/SDA 
and 
Pl.6/SCL. 
After each byte is received, an 


acknowledge bit is transmitted. STAAT 
and STOP conditions are recognized as 
the beginning and end of a serial transfer. 
Address recognition is performed by 
hardware after reception of the slave 
address and direction bit. 


4. 
Slave Transmitter Mode: 


The first byte is received and handled as 
in the slave receiver mode. However, in 
this mode, the direction bit will indicate 
that the transfer direction is reversed. 
Serial data is transmitted via Pl.7/SDA 
while the serial clock is input through 
Pl.6/SCL. 
STAAT and STOP conditions 
are recognized as the beginning and end 
of a serial transfer. 


In a given application, SI01 may operate as a 
master and as a slave. In the slave mode, the 
SI01 hardware looks for its own slave 
address and the general call address. If one 
of these addresses is detected, an interrupt is 
requested. When the microcontroller wishes 
to become the bus master, the hardware 
waits until the bus is free before the master 
mode is entered so that a possible slave 
action is not interrupted. If bus arbitration is 
lost in the master mode, SIOl switches to the 


slave mode immediately and can detect its 
own slave address in the same serial 
transfer. 


SI01 Implementation 
and Operation: 


Figure 12 shows how the on-chip 
12C bus 


interface is implemented, and the following 
text describes the individual blocks. 


INPUTFILTERSANDOUTPUTSTAGES 
The input filters have 12Ccompatible input 
levels. If the input voltage is less than 1.5V, 
the input logic level is interpreted as 0; if the 
input voltage is greater than 3.0V, the input 
logic level is interpreted as 1. Input signals 
are synchronized with the internal clock 
(fosc!4), and spikes shorter than three 
oscillator periods are filtered out. 


The output stages consist of open drain 
transistors that can sink 3mA at VOUT< OAV. 
These open drain outputs do not have 
clamping diodes to VDD. Thus, if the device is 
connected to the 12Cbus and VDD is 
switched off, the 12Cbus is not affected. 


ADDRESSAEGISTER.S1ADA 
This 8-bit special function register may be 
loaded with the 7-bit slave address (7 most 
significant bits) to which SI01 will respond 
when programmed as a slave transmitter or 
receiver. The LSB (GC) is used to enable 
general call address (OOH)recognition. 


COMPARATOR 
The comparator compares the received 7-bit 
slave address with its own slave address (7 
most significant bits in Sl ADA). It also 
compares the first received 8-bit byte with the 
general call address (OOH).If an equaiity is 
found, the appropriate status bits are set and 
an interrupt is requested. 


SHIFTAEGISTER.S, OAT 
This 8-bit special function register contains a 
byte of serial data to be transmitted or a byte 
which has just been received. Data in Sl DAT 
is always shifted from right to left; the first bit 
to be transmitted is the MSB (bit 7) and. after 
a byte has been received, the first bit of 
received data is located at the MSB of 
SlOAT. While data is being shifted out, data 
on the bus is simultaneously being shifted in; 
Sl DAT always contains the last byte present 
on the bus. Thus, in the event of lost 
arbitration, the transition from master 
transmitter to slave receiver is made with the 
correct data in Sl DAT. 
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1. 
Another 
service 
pulls 
the $el line low before 
the 5101 "mark" 
duration 
Is complete. 
The serial 
clock 
generator 
Is Immediately 
reset and com- 
mences 
with 
the "space" 
duration 
by pulling 
SeL 
low. 


2. 
Another 
device 
stili pulls the SellinG low after SIOl 
releases 
seL. 
The serial clock 
generator 
Is forced 
Into the wait state until the Sel line 
Is released. 


ARBITRATION 
ANDSYNCHRONIZATION 
lOGIC 
In the master transmitter mode, the 
arbitration logic checks that every transmitted 
logic 1 actually appears as a logic 1 on the 
12Cbus. If another device on the bus 
overrules a logic 1 and pulls the SOA line low, 
arbitration is lost, and SI01 immediately 
changes from master transmitter to slave 
receiver. SI01 will continue to output clock 
pulses (on SCll 
until transmission of the 
current serial byte is complete. 


Arbitration may also be lost in the master 
receiver mode. loss of arbitration in this 
mode can only occur while SI01 is returning 
a "not acknowledge: (logic 1l to the bus. 
Arbitration is lost when another device on the 
bus pulls this signal lOW. Since this can 
occur only at the end of a serial byte, SI01 
generates no further clock pulses. Figure 13 
shows the arbitration procedure. 


The synchronization logic will synchronize 
the serial clock generator with the clock 
pulses on the SCl line from another device. If 
two or more master devices generate clock 
pulses, the "mark" duration is determined by 
the device that generates the shortest 
"marks," and the "space" duration is 
determined by the device that generates the 
longest "spaces." Figure 14 shows the 
synchronization procedure. 


A slave may stretch the space duration to 
slow down the bus master. The space 
duration may also be stretched for 
handshaking purposes. This can be done 
after each bit or after a complete byte 
transfer. SI01 will stretch the SCl space 
duration after a byte has been transmitted or 
received and the acknowledge bit has been 
transferred. The serial interrupt flag (SI) is 
set, and the stretching continues until the 
serial interrupt flag is cleared. 


SERIALCLOCKGENERATOR 
This programmable clock pulse generator 
provides the SCl clock pulses when SI01 is 
in the master transmitter or master receiver 
mode. It is switched off when SI01 is in a 
slave mode. The programmable output clock 
frequencies are: fosc!120, fosc!9600, and 
the Timer 1 overflow rate divided by eight. 
The output clock pulses have a 50% duty 
cycle unless the clock generator is 
synchronized with other SCl clock sources 
as described above. 


TIMING 
AND CONTROL 
The timing and control logic generates the 
timing and control signals for serial byte 
handiing. This logic block provides the shift 
pulses for S1OAT,enables the comparator, 


generates and detects start and stop 
conditions, receives and transmits 
acknowledge bits, controls the master and 
slave modes, contains Interrupt request logic, 
and monitors the j2C bus status. 


CONTROLREGISTER,S,CON 
This 7-bit special function register is used by 
the microcontroller to control the following 
SI01 functions: start and restart of a serial 
transfer, termination of a serial transfer, bit 
rate, address recognition, and 
acknowledgment. 


STATUSOECOOERANDSTATUSREGISTER 
The status decoder takes all of the internal 
status bits and compresses them into as-bit 
code. This code is unique for each 12Cbus 
status. The 5-bit code may be used to 
generate vector addresses for fast 
processing of the various service routines. 
Each service routine processes a particular 
bus status. There are 26 possible bus states 
if all four modes of SI01 are used. The 5-bit 
status code is latched into the five most 
significant bits of the status register when the 
serial Interrupt flag is set (by hardware) and 
remains stable until the interrupt flag is 
cleared by software. The three least 
significant bits of the status register are 
always zero. If the status code is used as a 
vector to service routines, then the routines 
are displaced by eight address locations. 
Eight bytes of code is sufficient for most of 
the service routines (see the software 
example in this section). 


The Four SI01 Special Function 
Registers: 
The microcontroller interfaces to 
SI01 via four special function registers. 
These four SFRs (S1AOR, S1DAT, S1CON, 
and S1STAl are described individually in the 
following sections. 


The Address 
Register, S1AOR: The CPU 


can read from and write to this 8-bit, directly 
addressable SFR. S1AOR is not affected by 
the SI01 hardware. The contents of this 
register are irrelevant when SI01 is in a 
master mode. In the slave modes, the seven 
most significant bits must be loaded with the 
microcontroller's own slave address, and, if 
the least significant bit is set, the general call 
address (OOH) is recognized; otherwise it is 
Ignored. 


condition. A logic 1 in S1AOR corresponds to 
a high level on the 12Cbus, and a logic 0 
corresponds to a low level on the bus. 


The Data Register, S1DAT: S10AT contains 
a byte of serial data to be transmitted or a 
byte which has just been received. The CPU 
can read from and write to this 8-bit, directly 
addressable SFR while it is not in the 
process of shifting a byte. This occurs when 
SI01 is in a defined state and the serial 
interrupt flag is set. Oata in S1OAT remains 
stable as long as SI is set. Oata in S1OAT is 
always shifted from right to left: the first bit to 
be transmitted is the MSB (bit 7), and, after a 
byte has been received, the first bit of 
received data is located at the MSB of 
S10AT. While data is being shifted out, data 
on the bus is simultaneously being shifted in; 
S1OAT always contains the last data byte 
present on the bus. Thus, in the event of lost 
arbitration, the transition from master 
transmitter to slave receiver is made with the 
correct data in S1OAT. 


o 
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Eight bits to be transmitted or just received. A 
logic 1 in S1OAT corresponds to a high level 
on the 12Cbus, and a logic 0 corresponds to 
a low level on the bus. Serial data shifts 
through S1DAT from right to left. Figure 15 
shows how data in S1OAT is serially 
transferred to and from the SOA line. 


S1OAT and the ACK flag form a 9-bit shift 
register which shifts in or shifts out an 8-bit 
byte, followed by an acknowledge bit. The 
ACK flag is controlled by the SI01 hardware 
and cannot be accessed by the CPU. Serial 
data is shifted through the ACK flag into 
S1DAT on the rising edges of serial clock 
pulses on the SCl line. When a byte has 
been shifted into S1OAT,the serial data is 
available in S1OAT,and the acknowledge bit 
is returned by the control logic during the 
ninth clock pulse. Serial data is shifted out 
from S1OAT via a buffer (BS07) on the falling 
edges of clock pulses on the SCl line. 


When the CPU writes to S1DAT, BS07 is 
loaded with the content of S1OAT.7, which is 
the first bit to be transmitted to the SOA line 
(see Figure 16). After nine serial clock 
pulses, the eight bits in 81 OAT will have been 
transmitted to the SOA line, and the 
acknowledge bit will be present in ACK. Note 
that the eight transmitted bits are shifted back 
into S10AT. 


The Control 
Register, S1CON: The CPU 


can read from and write to this 8-bit, directly 
addressable SFR. Two bits are affected by 
the SI01 hardware: the SI bit is set when a 
serial interrupt is requested, and the STO bit 
is cleared when a STOP condition is present 
on the 12Cbus. The STO bit is also cleared 
when ENS1 = "0". 


4 
0 
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ENS1, THESIO, ENAeLEBIT 
ENS1 = "0": When ENS1 is "0", the SDA and 
SCL outputs are in a high impedance state. 
SDA and SCL input signals are ignored, SI01 
is in the "not addressed" slave state, and the 
STO bit in Sl CON is forced to "0". No other 
bits are affected. Pl. 6 and Pl. 7 may be used 
as open drain 1/0 ports. 


ENS1 = "1": When ENS1 is "1", SI01 is 
enabled. The P1,6 and P1.7 port latches 
must be set to logic 1. 


ENS1 should not be used to temporarily 
release SI01 from the 12Cbus since, when 
ENS1 is reset, the 12Cbus status is lost. The 
AA flag should be used instead (see 
description of the AA flag in the following 
text), 


In the following text, it is assumed that 
ENSl = T. 


STA. THESTART FLAG 
STA = "1": When the STA bit is set to enter a 
master mode, the SI01 hardware checks the 
status of the 12Cbus and generates a START 
condition if the bus is free. If the bus is not 
free, then SI01 waits for a STOP condition 
(which will free the bus) and generates a 
START condition after a delay of a half clock 
period of the internal serial clock generator. 


If STA is set while SI01 is already in a master 
mode and one or more bytes are transmitted 
or received, SI01 transmits a repeated 
START condition. STA may be set at any 


STA = "0": When the STA bit is reset, no 
START condition or repeated START 
condition will be generated. 


STO, THESTOP FLAG 
STO = "1": When the STO bit is set while 
SI01 is in a master mode, a STOP condition 
is transmitted to the 12Cbus, When the STOP 
condition is detected on the bus, the SI01 
hardware clears the STO flag, In a slave 
mode, the STO flag may be set to recover 
from an error condition. In this case, no 
STOP condition is transmitted to the 12Cbus, 
However, the SIOl hardware behaves as if a 
STOP condition has been received and 
switches to the defined "not addressed" slave 
receiver mode, The STO flag is automatically 
cleared by hardware. 


If the STA and STO bits are both set, the a 
STOP condition is transmitted to the 12Cbus 
if SI01 is in a master mode (in a slave mode, 
SI01 generates an intemal STOP condition 
which is not transmitted), SI01 then transmits 
a START condition. 


STO = "0": When the STO bit is reset, no 
STOP condition will be generated, 


SI. THESERIALINTERRUPTFLAG 
SI = "1": When the SI flag is set, then, if the 
EA and ES1 (interrupt enable register) bits 
are also set, a serial interrupt is requested. SI 
is set by hardware when one of 25 of the 26 
possible SI01 states is entered, The only 
state that does not cause SI to be set is state 
F8H, which indicates that no relevant state 
information is available, 


While SI is set, the low period of the serial 
clock on the SCL line is stretched, and the 
serial transfer is suspended, A high level on 
the SCL line is unaffected by the serial 
interrupt flag. SI must be reset by software. 


SI = "0": When the SI flag is reset, no serial 
interrupt is requested, and there is no 
stretching of the serial clock on the SCL line. 


AA, THEASSERTACKNOWLEOGE 
FLAG 


AA = "1": If the AA flag is set, an 
acknowledge (low level to SDA) will be 
returned during the acknowledge clock pulse 
on the SCL line when: 
- The "own slave address" has been 


received 


- The general call address has been 


received while the general call bit (GC) in 
SlADR 
is set 


- A data byte has been received while SI01 
is in the master receiver mode 


- A data byte has been received while SIOl 


is in the addressed slave receiver mode 


AA = "0": if the AA flag is reset, a not 
acknowledge (high level to SDA) will be 
returned during the acknowledge clock pulse 
on SCL when: 
- A data has been received while SI01 is in 
the master receiver mode 


- A data byte has been received while SI01 
is in the addressed slave receiver mode 


When WIOl 
is in the addressed slave 


transmitter mode, state C8H will be entered 
after the last serial is transmitted (see Figure 
20), When SI is cleared, SIOl leaves state 
C8H, enters the not addressed slave receiver 
mode, and the SDA line remains at a high 
level. In state C8H, the AA flag can be set 
again for future address recognition, 


When SI01 is in the not addressed slave 
mode, its own slave address and the general 
call address are ignored, Consequently, no 
acknowledge is returned, and a serial 
interrupt is not requested, Thus, SI01 can be 
temporarily released from the 12Cbus while 
the bus status is monitored, While SIOl is 
released from the bus, START and STOP 
conditions are detected, and serial data is 
shifted in, Address recognition can be 
resumed at any time by setting the AA flag. If 


the AA flag is set when the part's own slave 
address or the general call address has been 
partly received, the address will be 
recognized at the end of the byte 
transmission. 


CRa, CR" ANaCR2, THECLOCKRATEBITS 
These three bits determine the serial clock 
frequency when SI01 is in a master mode. 
The various serial rates are shown in Table 2. 


A 12.5kHz bit rate may be used by devices 
that interface to the 12Cbus via standard 1/0 
port lines which are software driven and siow. 
100kHz is usually the maximum bit rate and 
can be derived from a 16MHz, 12MHz, or a 
6MHz oscillator. A variable bit rate (O.5kHz to 
62.5kHz) may also be used if Timer 1 is not 
required for any other purpose while SI01 is 
in a master mode. 


The frequencies shown in Table 2 are 
unimportant when SI01 is in a slave mode. In 
the slave modes, SI01 will automatically 
synchronize with any clock frequency up to 
100kHz. 


The Status Register, SlSTA: 
Sl STA is an 


8-bit read-only special function register. The 
three least significant bits are always zero. 
The five most significant bits contain the 
status code. There are 26 possible status 
codes. When SlSTA contains F8H, no 
relevant state information is available and no 
serial interrupt is requested. All other SlSTA 
values correspond to defined SI01 states. 
When each of these states is entered, a 
serial interrupt is requested (SI = "1"). A valid 
status code is present in SlSTA one machine 
cycle after SI is set by hardware and is still 
present one machine cycle after SI has been 
reset by software. 


More Information 
on SI01 Operating 
Modes: The four operating modes are: 
- 
Master Transmitter 


- Master Receiver 


- Slave Receiver 


- Slave Transmitter 


Data transfers in each mode of operation are 
shown in Figures 17-37. These figures 
contain the following abbreviations: 


Abbreviation 
S 
SLA 
R 
W 
A 


Explanation 
Start condition 
7-bit slave address 
Read bit (high level at SOA) 
Write bit (low level at SOA) 
Acknowledge bit (low level at 
SOA) 
Not acknowledge bit (high 
level at SOA) 
8-bit data byte 
Stop condition 


In Figures 17-37, circles are used to indicate 
when the serial interrupt flag is set. The 
numbers in the circles show the status code 
held in the SlSTA register. At these points, a 
service routine must be executed to continue 
or complete the serial transfer. These service 
routines are not critical since the serial 
transfer Is suspended until the serial interrupt 
flag is cleared by software. 


When a serial interrupt routine is entered, the 
status code in Sl STA is used to branch to the 
appropriate service routine. For each status 
code, the required software action and details 
of the following serial transfer are given in 
Tables 3-7. 


Master Transmitter 
Mode: in the master 
transmitter mode, a number of data bytes are 
transmitted to a slave receiver (see 
Figure 17). Before the master transmitter 


CRO, CR1, and CR2 define the serial bit rate. 
ENS1 must be set to logic 1 to enable S101. 
If the AA bit is reset, SI01 will not 
acknowledge its own slave address or the 
general call address in the event of another 
device becoming master of the bus. In other 
words, if AA is reset, SIOO cannot enter a 
slave mode. STA, STO, and SI must be reset. 


The master transmitter mode may now be 
entered by setting the STA bit using the 
SETB instruction. The SI01 logic will now 
test the 12Cbus and generate a start 
condition as soon as the bus becomes free. 
When a START condition is transmitted, the 
serial interrupt flag (SI) is set, and the status 
code in the status register (SlSTA) will be 
08H. This status code must be used to vector 
to an interrupt service routine that ioads 
SlOAT with the slave address and the data 
direction bit (SLA+W). The SI bit in S1CON 
must then be reset before the serial transfer 
can continue. 


When the slave address and the direction bit 
have been transmitted and an 
acknowledgment bit has been received, the 
serial interrupt flag (SI) is set again, and a 
number of status codes in SlSTA are 
possible. There are 18H, 20H, or 38H for the 
master mode and also 68H, 78H, or BOH if 
the slave mode was enabled (AA = logic 1). 
The appropriate action to be taken for each of 
these status codes is detailed in Table 3. 
After a repeated start condition (state 10H). 
SI01 may switch to the master receiver 
mode by loading SlOAT with SLA+R). 


(1) 
Valid data In S1DAT 


(2) 
Shifting 
data in S1 OAT and ACK 


(3) 
High level on SOA 


BIT FREQUENCY (kHz) AT lose 


CR2 
CR1 
CRO 
6MHz 
12MHz 
16MHz 
lose DIVIDED BY 


0 
0 
0 
23 
47 
63 
256 


0 
0 
1 
27 
54 
71 
224 
0 
1 
0 
31 
63 
83 
192 


0 
1 
1 
37 
75 
100 
160 


1 
0 
0 
6.25 
12.5 
17 
960 


1 
0 
1 
50 
100 
- 
120 


1 
1 
0 
100 
- 
- 
60 


1 
1 
1 
0.25 < 62.5 
0.5 < 62.5 
0.67 < 56 
96 x (256 - reload value Timer 1) 


(Reload value range: 0 - 254 in mode 2) 


~ 
From 
Masler 
to Slave 
o 
From 
Slave 
10 Master 


~ 
Any 
Number 
of oala 
Bytes 
and Their 


~ 
Associated 
Acknowledge 
Bits 


~ 
This 
Number 
(Contained 
in S1STA) 
Corresponds 
to 8 


~ 
DefIned 
State of the 12C Bus. See Table 3. 


Successful 
Reception 
from 
a Slave 
Transmitter 


~ 
F'om Maslarto 
5lava 
o 
From 5lava to Masta, 


r:Da~la 
0 
Any Number 
of Data Bytes and Their 
L.-..:i~ 
Associated 
Acknowledge 
Bits 


~ 
This 
Number 
(Contained 
In S1STA) 
Corresponds 
to a 


~ 
Defined 
State of the 12C Bus. see Table 4. 


Reception 
of the Own 
Slave 
Address 
and One or More 
Data 
Bytes. 
All Are Acknowledged. 


~ 


, 
7i. 


, 
88H 


Reception 
of the General 
Call 
Address 
and One or 
More 
Data Bytes 


~ 


, 
7i. 


, 
98H 


~o 


~ 


~ 
This 
Number 
(Contained 
In S1STA) 
Corresponds 
to a 


~ 
Defined 
State 
of the 
t2C Bus. 
See Table 
5. 


~o 
r-:!O.~la, 
Any Number 
of Data Bytes and Their 
L...:;~ 
Associated 
Acknowledge 
Bits 


~ 
This 
Number 
(ContaIned 
In S1STA) 
Corresponds 
to a 


~ 
Defined 
State of the 12C Bus. See Table 6. 


Reception 
of the Own 
Slave 
Address 
and 
Transmission 
of One 
or More 
Data Bytes 


Last Dala Byte Transmi"ed. 
Switched 
to Not Addressed 
Slave 
(AA Bit In SleON 
= "0" 


Master Receiver Mode: In the master 
receiver mode, a number of data bytes are 
received from a slave transmitter (see 
Figure 18). The transfer is initialized as in the 
master transmitter mode. When the start 
condition has been transmitted, the interrupt 
service routine must load 81 DAT with the 
7-bit slave address and the data direction bit 
(8LA+R). The 81 bit in 81 CON must then be 
cleared before the serial transfer can 
continue. 


When the slave address and the data 
direction bit have been transmitted and an 
acknowledgment bit has been received, the 
serial interrupt flag (81) is set again, and a 
number of status codes in 81 8TA are 
possible. These are 40H, 48H, or 38H for the 
master mode and also 68H, 78H, or SOH if 
the slave mode was enabled (AA = logic 1). 
The appropriate action to be taken for each of 
these status codes is detailed in Table 4. 
EN81, CR 1, and CRO are not affected by the 
serial transfer and are not referred to in 
Table 4. After a repeated start condition (state 
1OH), 8101 may switch to the master 
transmitter mode by loading 81 DAT with 
8LA+W. 


81ave Receiver Mode: In the slave receiver 
mode, a number of data bytes are received 
from a master transmitter (see Figure 19). To 
initiate the slave receiver mode, 81ADR and 
81 CON must be loaded as follows: 


The upper 7 bits are the address to which 
8101 will respond when addressed by a 
master. If the L8S (GC) is set, 8101 will 
respond to the general call address (OOH); 
otherwise it ignores the general call address. 


5 
4 
1 


SICON(08Hl!CR21 
ENS'I STAI STOI SllAAlcRllCROI 


x 


CRO, CR1, and CR12 do not affect 8101 in 
the slave mode. EN81 must be set to logic 1 
to enable 8101. The AA bit must be set to 
enable 8101 to acknowledge its own slave 
address or the general call address. 8TA, 
8TO, and 81 must be reset. 


When 81ADR and 81CON have been 
initialized, 8101 waits until it is addressed by 
its own slave address followed by the data 
direction bit which must be "0" (W) for 8101 
to operate in the slave receiver mode. After 
Its own slave address and the W bit have 
been received, the serial interrupt flag (I) is 
set and a valid status code can be read from 
818TA. This status code is used to vector to 
an interrupt service routine, and the 
appropriate action to be taken for each of 
these status codes is detailed in Table 5. The 
slave receiver mode may also be entered if 
arbitration is lost while 8101 is in the master 
mode (see status 68H and 78H). 


If the AA bit is reset during a transfer, 8101 
will return a not acknowledge (logic 1) to 8DA 
after the next received data byte. While AA is 
reset, 8101 does not respond to its own slave 
address or a general call address. However, 
the 12Cbus is still monitored and address 
recognition may be resumed at any time by 
setting M. This means that the M bit may 
be used to temporarily isolate 8101 from the 
12Cbus. 


STATUS 
STATUS OF THE 
APPLICATION SOFTWARE RESPONSE 


CODE 
12CBUS AND 
TOIFROM SlOAT 
TOS1CON 
NEXT ACTION TAKEN BY SIOl HARDWARE 


(SlSTA) 
SIOl HARDWARE 
STA 
STO 
SI 
AA 


a8H 
A START condition has 
LoadSLA+W 
X 
a 
a 
X 
SLA+W will be transmitted; 
been transmitted 
ACK bit will be received 


laH 
A repeated START 
Load SLA+W or 
X 
a 
a 
X 
As above 


condition has been 
Load SLA+R 
X 
a 
a 
X 
SLA+W will be transmitted; 
transmitted 
SIOl will be switched to MST/REC mode 


18H 
SLA+W has been 
Load data byte or 
a 
a 
a 
X 
Data byte will be transmitted; 


transmitted; ACK has 
ACK bit will be received 
been received 
no SlOAT action or 
1 
a 
a 
X 
Repeated START will be transmitted; 


no SlOAT action or 
a 
1 
a 
X 
STOP condition will be transmitted; 
STO flag will be reset 
no SlOAT action 
1 
1 
a 
X 
STOP condition followed by a 
START condition will be transmitted; 
STO flag will be reset 


2aH 
SLA+W has been 
Load data byte or 
a 
a 
a 
X 
Data byte will be transmitted; 
transmitted; NOT ACK 
ACK bit will be received 
has been received 
no SlOAT action or 
1 
a 
a 
X 
Repeated START will be transmitted; 


no SlOAT action or 
a 
1 
a 
X 
STOP condition will be transmitted; 
STO flag will be reset 
no SlOAT action 
1 
1 
a 
X 
STOP condition followed by a 
START condition will be transmitted; 
STO flag will be reset 


28H 
Oata byte in SlOAT has 
Load data byte or 
a 
a 
a 
X 
Oata byte will be transmitted; 
been transmitted; ACK 
ACK bit will be received 


has been received 
no SlOAT action or 
1 
a 
a 
X 
Repeated START will be transmitted; 


no SlOAT action or 
a 
1 
a 
X 
STOP condition will be transmitted; 
STO flag will be reset 
no SlOAT action 
1 
1 
a 
X 
STOP condition followed by a 
START condition will be transmitted; 
STO flag will be reset 


3aH 
Data byte in SlOAT has 
Load data byte or 
a 
a 
a 
X 
Data byte will be transmitted; 


been transmitted; NOT 
ACK bit will be received 


ACK has been received 
no SlOAT action or 
1 
a 
a 
X 
Repeated START will be transmitted; 


no SlOAT action or 
a 
1 
a 
X 
STOP condition will be transmitted; 
STO flag will be reset 
no SlOAT action 
1 
1 
a 
X 
STOP condition followed by a 
START condition will be transmitted; 
STO flag will be reset 


38H 
Arbitration lost in 
No SlOAT action or 
a 
a 
a 
X 
12Cbus will be released; 
SLA+RJWor 
not addressed slave will be entered 


Data bytes 
No SlOAT action 
1 
a 
a 
X 
A START condition will be transmitted when the 
bus becomes free 


STATUS 
STATUS OF THE 
APPLICATION SOFTWARE RESPONSE 


CODE 
12CBUS AND 
TO/FROM SlOAT 
TO SlCON 
NEXT ACTION TAKEN BY SI01 HARDWARE 


(SlSTA) 
SI01 HARDWARE 
STA 
STO 
SI 
AA 


08H 
A START condition has 
Load SLA+R 
X 
0 
0 
X 
SLA+R will be transmitted; 


been transmitted 
ACK bit will be received 


10H 
A repeated START 
Load SLA+R or 
X 
0 
0 
X 
As above 


condition has been 
Load SLA+W 
X 
0 
0 
X 
SLA+W will be transmitted; 


transmitted 
SI01 will be switched to MSTITRX mode 


38H 
Arbitration lost in 
No S1DAT action or 
0 
0 
0 
X 
12Cbus will be released; 


NOT ACKbit 
SI01 will enter a slave mode 


No SWAT action 
1 
0 
0 
X 
A START condition wiil be transmitted when the 
bus becomes free 


40H 
SLA+R has been 
No S1DAT action or 
0 
0 
0 
0 
Data byte will be received; 


transmitted; ACK has 
NOT ACK bit will be returned 
been received 
no S1DAT action 
0 
0 
0 
1 
Data byte will be received; 
ACK bit will be returned 


48H 
SLA+R has been 
No S1DAT action or 
1 
0 
0 
X 
Repeated START condition will be transmitted 
transmitted; NOT ACK 
has been received 
no S1DAT action or 
0 
1 
0 
X 
STOP condition will be transmitted; 
STO flag will be reset 
no S1DAT action 
1 
1 
0 
X 
STOP condition followed by a 
START condition will be transmitted; 
STO flag will be reset 


SOH 
Data byte has been 
Read data byte or 
0 
0 
0 
0 
Data byte will be received; 


received; ACK has been 
NOT ACK bit will be returned 


returned 
read data byte 
0 
0 
0 
1 
Data byte will be received; 
ACK bit will be returned 


S8H 
Data byte has been 
Read data byte or 
1 
0 
0 
X 
Repeated START condition will be transmitted 
received; NOT ACK has 
been returned 
read data byte or 
0 
1 
0 
X 
STOP condition will be transmitted; 
STO flag will be reset 


read data byte 
1 
1 
0 
X 
STOP condition followed by a 
START condition will be transmitted; 
STO flag will be reset 


STATUS 
STATUS OF THE 
APPLICATION SOFTWARE RESPONSE 


CODE 
J2CBUS AND 
TO/FROM SlOAT 
TOS1CON 
NEXT ACTION TAKEN BY SI01 HARDWARE 


(SlSTA) 
SI01 HARDWARE 
STA 
STO 
SI 
AA 


60H 
Own SLA+W has 
No S1DAT action or 
X 
0 
0 
0 
Data byte will be received and NOT ACK will be 


been received; ACK 
returned 


has been returned 
no S1DAT action 
X 
0 
0 
1 
Data byte will be received and ACK will be returned 


68H 
Arbitration lost in 
No SlOAT action or 
X 
0 
0 
0 
Data byte will be received and NOT ACK will be 
SLA+RIW as master; 
returned 


Own SLA+W has 
no S1DAT action 
X 
0 
0 
1 
Data byte will be received and ACK will be returned 
been received, ACK 
returned 


70H 
General call address 
No SlOAT action or 
X 
0 
0 
0 
Data byte will be received and NOT ACK will be 
(DOH)has been 
returned 


received; ACK has 
no S1DAT action 
X 
0 
0 
1 
Data byte will be received and ACK will be returned 
been returned 


78H 
Arbitration lost in 
No SlOAT action or 
X 
0 
0 
0 
Data byte will be received and NOT ACK will be 
SLA+RIW as master; 
returned 


General call address 
no S1DAT action 
X 
0 
0 
1 
Data byte will be received and ACK will be returned 
has been received, 
ACK has been 
returned 


80H 
Previously addressed 
Read data byte or 
X 
0 
0 
0 
Data byte will be received and NOT ACK will be 
with own SLY 
returned 


address; DATA has 
read data byte 
X 
0 
0 
1 
Data byte will be received and ACK will be returned 
been received; ACK 
has been returned 


88H 
Previously addressed 
Read data byte or 
0 
0 
0 
0 
Switched to not addressed SLY mode; no 
with own SLA; DATA 
recognition of own SLA or General call address 
byte has been 
read data byte or 
0 
0 
0 
1 
Switched to not addressed SLY mode; Own SLA will 
received; NOT ACK 
be recognized; General call address will be 
has been returned 
recognized if S1ADR.O = logic 1 
read data byte or 
1 
0 
0 
0 
Switched to not addressed SLY mode; no 
recognition of own SLA or General call address. A 
START condition will be transmitted when the bus 
becomes free 


read data byte 
1 
0 
0 
1 
Switched to not addressed SLY mode; Own SLA will 
be recognized; General call address will be 
recognized if S1ADR.O = logic 1. A START condition 
will be transmitted when the bus becomes free. 


90H 
Previously addressed 
Read data byte or 
X 
0 
0 
0 
Data byte will be received and NOT ACK will be 
with General Call; 
returned 


DATA byte has been 
read data byte 
X 
0 
0 
1 
Data byte will be received and ACK will be returned 
received; ACK has 
been returned 


98H 
Previously addressed 
Read data byte or 
0 
0 
0 
0 
Switched to not addressed SLY mode; no 
with General Call; 
recognition of own SLA or General call address 
DATA byte has been 
read data byte or 
0 
0 
0 
1 
Switched to not addressed SLY mode; Own SLA will 


received; NOT ACK 
be recognized; General call address will be 
has been returned 
recognized if S1ADR.O = logic 1 


read data byte or 
1 
0 
0 
0 
Switched to not addressed SLY mode; no 
recognition of own SLA or General call address. A 
START condition will be transmitted when the bus 
becomes free 
read data byte 
1 
0 
0 
1 
Switched to not addressed SLY mode; Own SLA will 
be recognized; General call address will be 
recognized if S1ADR.O = logic 1. A START condition 
will be transmitted when the bus becomes free. 


STATUS 
STATUS OF THE 
APPLICATION SOFTWARE RESPONSE 


CODE 
12CBUS AND 
TO/FROM SlOAT 
TO S1CON 
NEXT ACTION TAKEN BY SI01 HARDWARE 


(S1STA) 
SI01 HARDWARE 
STA 
STO 
SI 
AA 


AOH 
A STOP condition or 
Read data byte or 
0 
0 
0 
0 
Switched to not addressed SLV mode; no 
repeated START 
recognition of own SLA or General call address 
condition has been 
read data byte or 
0 
0 
0 
1 
Switched to not addressed SLV mode; Own SLA will 


received while still 
be recognized; General call address will be 
addressed as 
recognized if S1ADR.O = logic 1 
SLV/REC or SLVITRX 
read data byte or 
1 
0 
0 
0 
Switched to not addressed SLV mode; no 
recognition of own SLA or General call address. A 
START condition will be transmitted when the bus 
becomes free 


read data byte 
1 
0 
0 
1 
Switched to not addressed SLV mode; Own SLA will 
be recognized; Generai call address will be 
recognized if Sl ADR.O = logic 1. A START condition 
will be transmitted when the bus becomes free. 


STATUS 
STATUS OF THE 
APPLICATION SOFTWARE RESPONSE 


CODE 
12CBUS AND 
TO/FROM S1OAT 
TO S1CON 
NEXT ACTION TAKEN BY SI01 HARDWARE 


(S1STA) 
SI01 HARDWARE 
STA 
STO 
SI 
AA 


A8H 
Own SLA+R has been 
Load data byte or 
X 
0 
0 
0 
Last data byte will be transmitted and 
received; ACK has 
ACK bit will be received 
been returned 
load data byte 
X 
0 
0 
1 
Data byte will be transmitted; ACK will be received 


BOH 
Arbitration lost in 
Load data byte or 
X 
0 
0 
0 
Last data byte will be transmitted and ACK bit will 


SLA+RIW as master; 
be received 


Own SLA+R has been 
load data byte 
X 
0 
0 
1 
Data byte will be transmitted; ACK bit will be 
received, ACK has 
received 


been retumed 


B8H 
Data byte in Sl DAT 
Load data byte or 
X 
0 
0 
0 
Last data byte will be transmitted and 


has been transmitted; 
ACK bit will be received 


ACK has been 
load data byte 
X 
0 
0 
1 
Data byte will be transmitted; ACK bit will be 
received 
received 


COH 
Data byte in Sl DAT 
No SlOAT action or 
0 
0 
0 
0 
Switched to not addressed SLV mode; no 


has been transmitted; 
recognition of own SLA or Generai cali address 
NOT ACK has been 
no Sl DAT action or 
0 
0 
0 
1 
Switched to not addressed SLV mode; Own SLA will 


received 
be recognized; General call address will be 
recognized if Sl ADR.O = logic 1 


no Sl DAT action or 
1 
0 
0 
0 
Switched to not addressed SLV mode; no 
recognition of own SLA or General call address. A 
START condition will be transmitted when the bus 
becomes free 


no SlOAT action 
1 
0 
0 
1 
Switched to not addressed SLV mode; Own SLA will 
be recognized; General call address will be 
recognized if SlADR.O = logic 1. A START condition 
will be transmitted when the bus becomes free. 


C8H 
Last data byte in 
No SlOAT action or 
0 
0 
0 
0 
Switched to not addressed SLV mode; no 
SlOAT has been 
recognition of own SLA or General call address 
transmitted (M = 0); 
no Sl DAT action or 
0 
0 
0 
1 
Switched to not addressed SLV mode; Own SLA will 


ACK has been 
be recognized; General call address will be 
received 
recognized if S1ADR.O = logic 1 


no SlOAT action or 
1 
0 
0 
0 
Switched to not addressed SLV mode; no 
recognition of own SLA or General call address. A 
START condition will be transmitted when the bus 
becomes free 
no Sl DAT action 
1 
0 
0 
1 
Switched to not addressed SLV mode; Own SLA will 
be recognized; General call address will be 
recognized if Sl ADR.O = logic 1. A START condition 
will be transmitted 
when 
the bus becomes 
free. 


Slave Transmitter 
Mode: In the slave 
transmitter mode, a number of data bytes are 
transmitted to a master receiver (see 
Figure 20). Data transfer is initialized as in 
the slave receiver mode. When S1ADR and 
S1CON have been initialized, SI01 waits 
until it is addressed by its own slave address 
followed by the data direction bit which must 
be "1" (R) for SI01 to operate in the slave 
transmitter mode. After its own siave address 
and the R bit have been received, the serial 
interrupt fiag (SI) is set and a valid status 
code can be read from S1STA. This status 
code is used to vector to an interrupt service 
routine, and the appropriate action to be 
taken for each of these status codes is 
detailed in Table 6. The slave transmitter 
mode may also be entered if arbitration is lost 
while SI01 is in the master mode (see state 
BOH). 


"the 
AA bit is reset during a transfer, SI01 
will transmit the last byte of the transfer and 
enter state COH or C8H. SI01 is switched to 
the not addressed slave mode and will ignore 
the master receiver if it continues the transfer. 
Thus the master receiver receives all 1s as 
serial data. While AA is reset, SI01 does not 
respond to its own slave address or a general 
call address. However, the 12Cbus is still 
monitored, and address recognition may be 
resumed at any time by setting AA. This 
means that the AA bit may be used to 
temporarily isolate SI01 from the 12Cbus. 


Miscellaneous 
States: There are two 
S1STA codes that do not correspond to a 
defined SI01 hardware state (see Table 7). 
These are discussed below. 


S1STA = F8H: 
This status code indicates that no relevant 
information is available because the serial 
interrupt flag, SI, is not yet set. This occurs 
between other states and when SI01 is not 
involved in a serial transfer. 


S1STA = DOH: 
This status code indicates that a bus error 
has occurred during an SI01 serial transfer. 
A bus error is caused when a START or 
STOP condition occurs at an illegal position 
in the format frame. Examples of such illegal 
positions are during the serial transfer of an 
address byte, a data byte, or an acknowledge 
bit. A bus error may also be caused when 
extemal interference disturbs the internal 
SI01 signals. When a bus error occurs, SI is 
set. To recover from a bus error, the STO flag 
must be set and SI must be cleared. This 
causes SI01 to enter the "not addressed" 
slave mode (a defined state) and to clear the 


STO fiag (no other bits in S1CON are 
affected). The SDA and SCL lines are 
released (a STOP condition is not 
transmitted) . 


Some Special Cases: The SI01 hardware 
has facilities to handle the following special 
cases that may occur during a serial transfer: 


Simultaneous Repeated START Conditions 
from Two Masters 


A repeated START condition may be 
generated in the master transmitter or master 
receiver modes. A special case occurs if 
another master simultaneously generates a 
repeated START condition (see Figure 21). 
Until this occurs, arbitration is not lost by 
either master since they were both 
transmitting the same data. 


"the 
SI01 hardware detects a repeated 


START condition on the 12C bus before 
generating a repeated START condition itself, 
it will release the bus, and no interrupt 
request is generated. If another master frees 
the bus by generating a STOP condition, 
SI01 will transmit a normal START condition 
(state 08H). and a retry of the total serial data 
transfer can commence. 


DATATRANSFERAFTERLoss OFARBITRATION 
Arbitration may be lost in the master 
transmitter and master receiver modes (see 
Figure 13). Loss of arbitration is indicated by 
the following states in S1STA; 38H, 68H, 
78H, and BOH (see Figures 17 and 18). 


If the STA fiag in S1CON is set by the 
routines which service these states, then, if 
the bus is free again, a START condition 
(state 08H) is transmitted without intervention 
by the CPU, and a retry of the total serial 
transfer can commence. 


FORCEOACCESSTOTHEI'C Bus 
In some applications, it may be possible for 
an uncontrolled source to cause a bus 
hang-up. In such situations, the problem may 
be caused by interference, temporary 
interruption of the bus or a temporary 
short-circuit between SDA and SCL. 


If an uncontrolled source generates a 
superfluous START or masks a STOP 
condition, then the 12Cbus stays busy 
indefinitely. If the STA flag is set and bus 
access is not obtained within a reasonable 
amount of time, then a forced access to the 
12Cbus is possible. This is achieved by 
setting the STO fiag while the STA fiag is still 
set. No STOP condition is transmitted. The 
SI01 hardware behaves as if a STOP 


condition was received and is able to transmit 
a START condition. The STO fiag is cleared 
by hardware (seB Figure 22). 


I'C Bus OBSTRUCTEO 
BYA Low LEVELONSCL 


oRSDA 
An 12C bus hang-up occurs if SDA or SCL is 
pulled LOW by an uncontrolled source. " the 
SCL line is obstructed (pulled LOW) by a 
device on the bus, no further serial transfer is 
possible, and the SI01 hardware cannot 
resolve this type of problem. When this 
occurs, the problem must be resolved by the 
device that is pulling the SCL bus line LOW. 


If the SDA line is obstructed by another 
device on the bus (e.g., a slave device out of 
bit synchronization), the problem can be 
solved by transmitting additional clock pulses 
on the SCL line (see Figure 23). The SI01 
hardware transmits additional clock pulses 
when the STA fiag is set, but no START 
condition can be generated because the SDA 
line is pulled LOW while the 12Cbus is 
considered free. The SI01 hardware 
attempts to generate a START condition after 
every two additional clock pulses on the SCL 
line. When the SDA line is eventually 
released, a normal START condition is 
transmitted, state 08H is entered, and the 
serial transfer continues. 


" a forced bus access occurs or a repeated 
START condition is transmitted while SDA is 
obstructed (pulled LOW), the SI01 hardware 
performs the same action as described 
above. In each case, state 08H is entered 
after a successful START condition is 
transmitted and normal serial transfer 
continues. Note that the CPU is not involved 
in solving these bus hang-up problems. 


Bus ERROR 
A bus error occurs when a START or STOP 
condition is present at an illegal position in 
the format frame. Examples of illegal 
positions are during the serial transfer of an 
address byte, a data or an acknowledge bit. 


The SI01 hardware only reacts to a bus error 
when it is involved in a serial transfer either 
as a master or an addressed slave. When a 
bus error is detected, SI01 immediately 
switches to the not addressed slave mode, 
releases the SDA and SCL lines, sets the 
interrupt fiag, and loads the status register 
with OOH.This status code may be used to 
vector to a service routine which either 
attempts the aborted serial transfer again or 
simply recovers from the error condition as 
shown in Table 7. 


STATUS 
STATUS OF THE 
APPLICATION SOFTWARE RESPONSE 


CODE 
12CBUS AND 
TOIFROM S1DAT 
TO S1CON 
NEXT ACTION TAKEN BY SI01 HARDWARE 


(S1STA) 
SI01 HARDWARE 
STA I STO I 51 I AA 


F8H 
No relevant state 
No SlOAT action 
No S1CON action 
Wait or proceed current transfer 
information available; 
SI ;0 


DOH 
Bus error during MST or 
No SlOAT action 
0 
1 
0 
X 
Only the internal hardware is affected in the 


selected slave modes, 
MST or addressed SLV modes. In all cases, 


due to an illegal START 
the bus is released and S101 is switched to the 
or STOP condition. State 
not addressed SLV mode. STO is rese!. 


OOH can also occur 
when interference 
causes SIOl to enter an 
undefined state. 


I-- 
Time 
Limit ==l 


~----- 
I 


------~----- 


STAfiag 
~ 


SOA line 
~_(l_) 
i (1) 
H_(3) 
_ 


(1) 
Unsuccessful 
attempt 
to send a Start condition 


(2) 
SDA line released 


(3) 
Successful 
attempt 
to send a Start condillon; 
state 
OSH Is entered 


Software 
Examples 
of SIOl Service 
Routines: 
This section consists of a software 


example for: 
- Initialization of SIOl after a RESET 


- Entering the SIOl interrupt routine 


- The 26 state service routines for the 


- Master transmiller mode 


- Master receiver mode 


- Slave receiver mode 


- Slave transmiller mode 


INITlAliZATION 
In the initialization routine, SIOl is enabled 
for both master and slave modes. For each 
mode, a number of bytes of internal data 


RAM are allocated to the SIO to act as either 
a transmission or reception buffer. In this 
example, 8 bytes of internal data RAM are 
reserved for different purposes. The data 
memory map is shown in Figure 24. The 
initialization routine performs the following 
functions: 
- SlADR 
is loaded with the part's own slave 
address and the general call bit (GC) 


- 
Pl.6 and Pl.? bit latches are loaded with 
logic ls 


- 
RAM location HADD is loaded with the 
high-order address byte of the service 
routines 


- The SIOl interrupt enable and interrupt 


priority bits are set 


- The slave mode is enabled by 


simultaneousiy selling the ENS1 and AA 
bits in Sl CON and the serial clock 
frequency (for master modes) is defined by 
loading CRD and CRl in SlCON. 
The 


master routines must be started in the main 
program. 


The SiOl hardware now begins checking the 


12C bus for its own slave address and general 
call. If the general call or the own slave 
address is detected, an interrupt is requested 
and SlSTA is loaded with the appropriate 
state information. The following text 
describes a fast method of branching to the 
appropriate service routine. 


SIOl INTERRUPTROUTINE 
When the SI01 interrupt is entered, the PSW 
is first pushed on the stack. Then S1STA and 
HADD (loaded with the high-order address 
byte of the 26 service routines by the 
initialization routine) are pushed on to the 
stack. S1STA contains a status code which is 
the lower byte of one of the 26 service 
routines. The next instruction is RET, which is 
the retum from subroutine instruction. When 
this instruction is executed, the high and low 
order address bytes are popped from stack 
and loaded into the program counter. 


The next instruction to be executed is the first 
instruction of the state service routine. Seven 
bytes of program code (which execute in 
eight machine cycles) are required to branch 
to one of the 26 state service routines. 
SI 
PUSH 
PSW 
Save PSW 


PUSH 
S1STA 
Push status code 
(low order 
address byte) 


PUSH 
HADD 
Push high order 
address byte 


RET 
Jump to state 
service routine 


The state service routines are located in a 
2S6-byte page of program memory. The 
location of this page is defined in the 
initialization routine. The page can be located 
anywhere in program memory by loading 
data RAM register HADD with the page 
number. Page 01 is chosen in this example, 
and the service routines are located between 
addresses 01OOHand 01FFH. 


THESTATESERVICEROUTINES 
The state service routines are located 8 bytes 
from each other. Eight bytes of code are 
sufficient for most of the service routines. A 
few of the routines require more than 8 bytes 
and have to jump to other locations to obtain 
more bytes of code. Each state routine is part 
of the SI01 interrupt routine and handles one 
of the 26 states. It ends with a RETI 
instruction which causes a retum to the main 


program. 


MASTERTRANSMITIERANDMASTERRECEIVER 
MOOES 
The master mode is entered in the main 
program. To enter the master transmitter 
mode, the main program must first load the 
intemal data RAM with the slave address, 
data bytes, and the number of data bytes to 
be transmitted. To enter the master receiver 
mode, the main program must first load the 
intemal data RAM with the slave address and 
the number of data bytes to be received. The 
RIW bit determines whether SI01 operates in 
the master transmitter or master receiver 
mode. 


Master mode operation commences when 
the STA bit in S1CION is set by the SETB 
instruction and data transfer is controlled by 
the master state service routines in 
accordance with Table 3, Table 4, Figure 17, 
and Figure 18. In the example below, 4 bytes 
are transferred. There is no repeated START 
condition. In the event of lost arbitration, the 
transfer is restarted when the bus becomes 
free. If a bus error occurs, the 12Cbus is 
released and SI01 enters the not selected 
slave receiver mode. If a slave device retums 
a not acknowledge, a STOP condition is 
generated. 


A repeated START condition can be included 
in the serial transfer if the STA flag is set 
instead of the STO nag in the state service 
routines vectored to by status codes 28H and 
S8H. Additional software must be written to 
determine which data is transferred after a 
repeated START condition. 


SLAVETRANSMITIERANDSLAVERECEIVER 
MOOES 
After initialization, SI01 continually tests the 
12Cbus and branches to one of the slave 
state service routines if it detects its own 
slave address or the general call address 
(see Table 5, Table 6, Figure 19, and Figure 
20). If arbitration was lost while in the master 
mode, the master mode is restarted after the 


current transfer. If a bus error occurs, the 12C 
bus is released and SI01 enters the not 
selected slave receiver mode. 


In the slave receiver mode, a maximum of 8 
received data bytes can be stored in the 
intemal data RAM. A maximum of 8 bytes 
ensures that other RAM locations are not 
overwritten if a master sends more bytes. If 
more than 8 bytes are transmitted, a not 
acknowledge is retumed, and SI01 enters 
the not addressed slave receiver mode. A 
maximum of one received data byte can be 
stored in the intemal data RAM after a 
general call address is detected. If more than 
one byte is transmitted, a not acknowledge is 
retumed and SI01 enters the not addressed 
slave receiver mode. 


In the slave transmitter mode, data to be 
transmitted is obtained from the same 
locations in the intemal data RAM that were 
previously loaded by the main program. After 
a not acknowledge has been retumed by a 
master receiver device, SI01 enters the not 
addressed slave mode. 


ADAPTINGTHESOFTWAREFORDIFFERENT 
ApPLICATIONS 
The following software example shows the 
typical structure of the interrupt routine 
including the 26 state service routines and 
may be used as a base for user applications. 
If one or more of the four modes are not 
used, the associated state service routines 
may be removed but, care should be taken 
that a deleted routine can never be invoked. 


This example does not include any time-out 
routines. In the slave modes, time-out 
routines are not very useful since, in these 
modes, SI01 behaves essentially as a 
passive device. In the master modes, an 
intemal timer may be used to cause a 
time-out if a serial transfer is not complete 
after a defined period of time. This time 
period is defined by the system connected to 
the 12Cbus. 


1 


GC 
DB 


OA 


09 


CRO 
08I 
00i 
B8i 
ABi 
90 
r 
80 


S1STA 


SleON 
CR2 


pswI 
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,POI 
PSl 


IENOI 
EA I 
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PlI 
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1 Slave Transmitter 
Data RAM 


STD 1--------------------1 
48 
T 
Slave 
Receiver 
Data RAM 


SRD 1--------------------1 
40 
T 
Master 
Receiver 
Data RAM 


MRD 1--------------------1 
38 


} 


Master 
Transmitter 
Data RAM 


MTO --------------------1 
30 
lr-::-I:: 
________________ ~r 00 


00D8 
S1CON 
--{)xd8 


00D9 
S1STA 
--{)xd9 


OODA 
SWAT 
--{)xda 


OODB 
S1ADR 
--{)xdb 


00A8 
IENO 
--{)xa8 


00B8 
IPO 
--{)2b8 


STA 
SI01HP 


! STA bit in S1CON 
! IPO, SI01 Priority bit 


OOD5 
ENS1_NOTSTA_STO_NOTSI_AA_CRO 
--{)xd5 
Generates STOP 
(CRO ; 100kHz) 
00C5 
ENS1_NOTSTA_NOTSTO_NOTSI_AA_CRO 
--{)xc5 
Releases BUS and 
ACK 
00C1 
ENS1_NOTSTA_NOTSTO_NOTSLNOTAA_CRO 
--{)xc1 
Releases BUS and 
NOT ACK 
00E5 
ENS1_STA_NOTSTO_NOTSLAA_CRO 
--{)xe5 
Releases BUS and 
setSTA 


0031 
OWNSLA 
--{)x31 
! Own SLA+General Call 
! must be written into S1ADR 


OOAO 
ENSI01 
--{)xaO 
! EA+ES1, enable SI01 interrupt 
! must be written into IENO 


0001 
PAG1 
--{)x01 
! select PAG1 as HADD 
OOCO 
SLAW 
--{)xcO 
! SLA+W to be transmitted 


00C1 
SLAR 
--{)xc1 
! SLA+R to be transmitted 
0018 
SELRB3 
--{)x18 
! Select Register Bank 3 


0030 
MTD 
--{)x3O 
! MSTfTRXlDATA base address 
0038 
MRD 
--{)x38 
! MSTIREC/DATA base address 
0040 
SRD 
--{)x40 
! SLV/REC/DATA base address 
0048 
STD 
--{)x48 
! SLVfTRXlDATA base address 


0053 
BACKUP 
--{)x53 
!Backup from NUMBYTMST 
! To restore NUMBYTMST in case 
! of an Arbitration Loss. 


0052 
NUMBYTMST --{)x52 
! Number of bytes to transmit 
! or receive as MST. 
0051 
SLA 
--{)x51 
! Contains SLA+RIW to be 
!transmitted. 


0050 
HADD 
--{)x50 
! High Address byte for STATE 0 
! till STATE 25. 


March 1994 
605 


! INITIALIZATION ROUTINE 
! Example to initialize IIC Interface as slave receiver or 
! slave transmitter and start a MASTER TRANSMIT or a MASTER 
! RECEIVE function. 4 bytes will be transmitted or received. 


0000 
4100 


0200 
75DB31 


0203 
D296 
0205 
D297 
0207 
755001 


020A 
43A8AO 
020D 
C2BD 


020F 
75D8C5 


.sect 
initial 


.base Ox200 
INIT: 
mov 
S1ADR,#OWNSLA 
! Load own SLA + enable 
! general call recognition 
setb 
P1(6) 
! P1.6 High level. 


setb 
P1(7) 
! P1.7 High level. 


mov 
HADD,#PAG1 


orl 
IENO,#ENSI01 
! Enable SI01 interrupt 
clr 
SI01HP 
! SI01 interrupt low 
! priority 


mov 
S1CON, #ENS1_NOTSTA_NOTSTO_NOTSI_AA_CRO 


! Initialize SLV funcl. 


!------------------------------------------------- 
! START MASTER TRANSMIT FUNCTION 
!------------------------------------------------- 


0212 
0215 
0218 


755204 
7551CO 
D2DD 


mov 
NUMBYTMST,#Ox4 
mov 
SLA,#SLAW 
setb 
STA 


! Transmit 4 bytes. 
! SLA+W, Transmit funcl. 


! set STA in S1CON 


!------------------------------------------------- 
! START MASTER RECEIVE FUNCTION 
!------------------------------------------------- 


021A 
0210 
0220 


755204 
7551C1 
D2DD 


mov 
NUMBYTMST,#Ox4 
mov 
SLA,#SLAR 


setb 
STA 


Receive 4 bytes. 
SLA+R, Receive funcl. 
set STA in S1CON 


002B 
002D 
002F 
0031 


CODa 
COD9 
COSO 
22 


! S1STA and HADD are pushed onto the stack. They serve as 
! relum address for the RET instruction. 
! The RET instruction sets the Program Counter to address 
! HADD, S1STA and jumps to the right subroutine. 


push 
psw 
push 
S1STA 
push 
HADD 


ret 


!------------------------------------------------- 
! STATE 
: 
00, Bus error. 
! ACTION: 
Enter not addressed SLY mode and release bus. 
STO reset. 


!------------------------------------------------- 
.sect 
slO 


.base Ox100 


! State 08 and State 10 are both for MSTfTRX and MST/REC. 
! The RIW bit decides whether the next state is within 
! MSTfTRX mode or within MST/REC mode. 


!------------------------------------------------- 
! STATE 
08, A, START condition has been transmitted. 


! ACTION: 
SLA+RIW are transmitted, ACK bit is received. 


!------------------------------------------------- 
.sect 
mts8 


.base Ox108 


mov 
S1DAT,SLA 
! Load SLA+RIW 
mov 
S1CON,#ENS1_NOTSTA_NOTSTO _NOTSI_AA_CRO 
! clr SI 


!------------------------------------------------- 
! STATE 
: 
10, A repeated START condition has been 
! 
transmitted. 


! ACTION: 
SLA+RIW are transmitted, ACK bit is received. 
!------------------------------------------------- 
.sect 
mts10 


.base Ox110 


0110 
8551DA 
mov 
S1DAT,SLA 
! Load SLA+RIW 


0113 
75D8C5 
mov 
S1CON,#ENS1_NOTSTA_NOTSTO _NOTSI_AA_CRO 
! clr SI 
010E 
01AO 
ajmp 
INITBASE1 


.sect 
ibase1 


.base OxaO 


OOAO 
75D018 
INITBASE1: 
mov 
psw,#SELRB3 


00A3 
7930 
mov 
r1,#MTD 


00A5 
7838 
mov 
rO,#MRD 


00A7 
855253 
mov 
BACKUP,NUMBYTMST 
! Save initial value 
OOAA 
DODO 
pop 
psw 


OOAC 
32 
reti 


!------------------------------------------------- 
! STATE 
: 
18, Previous state was STATE 8 or STATE 10, 


! 
SLA+W have been transmitted, ACK has 


! 
been received. 
! ACTION: 
First DATA is transmitted, ACK bit 
! 
is received. 


!------------------------------------------------- 
.sect 
mts18 


.base Ox118 


0118 
011B 
0110 


75D018 
87DA 
01B5 


mov 
psw,#SELRB3 
mov 
S1DAT,@r1 
ajmp 
CON 


!------------------------------------------------- 
! STATE 
20, SLA+W have been transmitted, NOT ACK 


! 
has been received 
! ACTION: 
Transmit STOP condition. 


!------------------------------------------------- 
.sect 
mts20 
.base Ox110 


!------------------------------------------------- 
! STATE 
28, DATA of S1DAT have been transmitted, 


! 
ACK received. 
! ACTION: 
If Transmitted DATA is last DATA then 
! 
transmit a STOP condition, else transmit 


! 
next DATA. 


!------------------------------------------------- 
.sect 
mts28 
.base Ox128 


0128 
D55285 
djnz 
NUMBYTMST,NOTLDAT1 
! JMP if NOT last DATA 


012B 
75D8D5 
mov 
S1CON,#ENS1_NOTSTA_STO_NOTSI_AA_CRO 
! clr SI, set AA 
012E 
01B9 
ajmp 
RETmt 


.sect 
mts28sb 
.base OxObO 


OOBO 
75D018 
NOTLDAT1: 
mov 
psw,#SELRB3 


00B3 
87DA 
mov 
S1DAT,@r1 


00B5 
75D8C5 
CON: 
mov 
S1CON,#ENS1_NOTSTA_NOTSTO_NOTSLAA_CRO 
! clr SI, set 
AA 
00B8 
09 
inc 
r1 


00B9 
DODO 
RETmt 
pop 
psw 


OOBB 
32 
reti 


!------------------------------------------------- 
! STATE 
30, DATA of S1DAT have been transmitted, 
! 
NOT ACK received. 
!ACTION: 
Transmit a STOP condition. 
!------------------------------------------------- 
.sect 
mts30 
.base Ox130 


!------------------------------------------------- 
!STATE 
: 
3B, Arbitration lost in SLA+W or DATA. 


! ACTION: 
6us is released, not addressed SLY mode is 
! 
entered. A new START condition is transmitted 
! 
when the IIC bus is free again. 
!------------------------------------------------- 
.sect 
mts3B 
.base Ox13B 


013B 
0136 
013E 


75DBE5 
B55352 
0169 


mov 
S1CON,#ENS1_STA_NOTSTO_NOTSI_AA_CRO 


mov 
NUM6YTMST,BACKUP 
ajmp 
RETmt 


!------------~------------------------------------ 
! STATE 
: 
40, Previous state was STATE OBor STATE 10, 


! 
SLA+R have been transmitted, ACK received. 


! ACTION: 
DATA will be received, ACK returned. 
!------------------------------------------------- 
.sect 
mts40 
.base Ox140 


!------------------------------------------------- 
! STATE 
: 
4B, SLA+R have been transmitted, NOT ACK 


! 
received. 


! ACTION: 
STOP condition will be generated. 


!------------------------------------------------- 
.sect 
mts4B 


.base Ox14B 


!------------------------------------------------- 
! STATE 
50, DATA have been received, ACK returned. 


! ACTION: 
Read DATA of S1OAT. 


! 
DATA will be received, if it is last 
! 
DATA then NOT ACK will be returned else ACK 


! 
will be returned. 


!------------------------------------------------- 
.sect 
mrs50 


.base Ox150 


0150 
0153 
0155 


750018 
A6DA 
01CO 


mov 
psw,#SELR83 


mov 
@rO,S1DAT 
ajmp 
REC1 


OOCO 
055205 
00C3 
75D8C1 


00C6 
8003 
00C8 
75D8C5 


00C8 
08 
OOCC 
DODO 
OOCE 
32 


djnz 
NUM8YTMST,NOTLDAT2 


mov 
S1CON,#ENS1_NOTSTA_NOTSTO _NOTSI_NOTAA_CRO 


!clr 
SI,AA 
sjmp RETmr 
mov 
S1CON,#ENS 1_NOTSTA_NOTSTO _NOTSI_AA_CRO 
! clr SI, set AA 


inc 
rO 
pop 
psw 


reti 


!------------------------------------------------- 
! STATE 
58, DATA have been received, NOT ACK 


! 
returned. 
! ACTION: 
Read DATA of S1OAT and generate a STOP 
! 
condition. 


!------------------------------------------------- 
.sect 
mrs58 


.base Ox158 


0158 
0158 
0150 


750018 
A6DA 
80E9 


mov 
psw,#SELR83 


mov 
@O,S1DAT 
sjmp 
STOP 


!------------------------------------------------- 
! STATE 
: 
60, Own SLA+W have been received, ACK 
! 
returned. 
! ACTION: 
DATA will be received and ACK returned. 
!------------------------------------------------- 
.sect 
srs60 
.base Ox160 


0160 
75D8C5 
mov 
S1CON,#ENS1_NOTSTA_NOTSTO _NOTSI_AA_CRO 
! clr SI, set AA 


0163 
75D018 
mov 
psw,#SELRB3 


0166 
01DO 
ajmp 
INITSRD 


.sect 
insrd 


.base OxdO 


DODO 
7840 
INITSRD: 
mov 
rO,#SRD 


00D2 
7908 
mov 
r1,#8 


00D4 
DODO 
pop 
psw 
00D6 
32 
reti 


!------------------------------------------------- 
! STATE: 
68, Arbitration lost in SLA and RIW as MST 
! 
Own SLA+W have been received, ACK returned 


! ACTION: 
DATA will be received and ACK returned. 


! 
STA is set to restart MST mode after the 
! 
bus is free again. 
!------------------------------------------------- 
.sect 
srs68 


.base Ox168 
0168 
016B 
016E 


75D8E5 
75D018 
0100 


mov 
S1CON,#ENS1_STA_NOTSTO_NOTSI_AA_CRO 


mov 
psw,#SELRB3 


ajmp 
INITSRD 


!------------------------------------------------- 
! STATE 
: 
70, General call has been received, ACK 
! 
returned. 


! ACTION: 
DATA will be received and ACK returned. 


!------------------------------------------------- 
.sect 
srs70 


.base Ox170 


mov 
S1CON,#ENS1_NOTSTA_NOTSTO _NOTSI_AA_CRO 


! clr SI, set AA 


mov 
psw,#SELRB3 
! Initialize SRD counter 


!------------------------------------------------- 
! STATE 
78, Arbitration lost in SLA+RIW as MST. 
! 
General call has been received, ACK returned. 
! ACTION: 
DATA will be received and ACK returned. 


! 
STA is set to restart MST mode after the 


! 
bus is free again. 
!------------------------------------------------- 
.sect 
srs78 


.base Ox178 
0178 
017B 
017E 


75D8E5 
75D018 
0100 


mov 
S1CON,#ENS1_STA_NOTSTO_NOTSI_AA_CRO 


mov 
psw,#SELRB3 
! Initialize SRD counter 
ajmp 
INITSRD 


!------------------------------------------------- 
! STATE 
: 
80, Previously addressed with own SLA. 


! 
DATA received, ACK returned. 


! ACTION: 
Read DATA. 
! 
IF received DATA was the last THEN superfluous 


! 
DATA will be received and NOT ACK returned ELSE 
! 
next DATA will be received and ACK returned. 


1------------------------------------------------- 
.sect 
srs80 
.base Ox180 


0180 
0183 
0185 


750018 
A6DA 
0108 


mov 
psw,#SELRB3 


mov 
@rO,SlOAT 
ajmp 
REC2 


0008 
0906 
OODA 
75D8C1 


0000 
DODO 
OODF 
32 
OOEO 
75D8C5 


00E3 
08 
00E4 
DODO 
00E6 
32 


djnz 
r1,NOTLDAT3 
mov 
S1CON,#ENS1_NOTSTA_NOTSTO_NOTSI_NOTAA_CRO 


! dr 
SI,AA 


pop 
psw 
reti 
mov 
S1CON,#ENS1_NOTSTA_NOTSTO_NOTS,-AA_CRO 
! clr SI, set AA 


inc 
rO 
pop 
psw 
reti 


!------------------------------------------------- 
! STATE 
: 
88, Previously addressed with own SLA. 


! 
DATA received NOT ACK returned. 


! ACTION: 
No save of DATA, Enter NOT addressed SLV 
! 
mode. Recognition of own SLA. General call 
! 
recognized, ifS1ADR. 
0-1. 


!------------------------------------------------- 
.sect 
srs88 


.base Ox188 


!------------------------------------------------- 
! STATE 
: 
90, Previously addressed with general call. 


! 
DATA has been received, ACK has been returned. 
! ACTION: 
Read DATA. 


! 
After General call only one byte will be 
! 
received with ACK the second DATA will be 


! 
received with NOT ACK. 


! 
DATA will be received and NOT ACK 
! 
returned. 


!------------------------------------------------- 
.sect 
srs90 


.base Ox190 


0190 
0193 
0195 


750018 
A6DA 
010A 


mov 
psw,#SELRB3 
mov 
@rO,S1DAT 
ajmp 
LDAT 


!------------------------------------------------- 
! STATE 
98, Previously addressed with general call. 


! 
DATA has been received, NOT ACK has been 


! 
returned. 
! ACTION: 
No save of DATA, Enter NOT addressed SLV 
! 
mode. Recognition of own SLA. General call 


! 
recognized, ifS1ADR. 
0-1. 


!------------------------------------------------- 
.sect 
srs98 


.base Ox198 


!------------------------------------------------- 
! STATE 
AO,A STOP condition or repeated START has 
! 
been received, while still addressed as 


! 
SLV/REC or SLVITRX. 


! ACTION: 
No save of DATA, Enter NOT addressed SLV 
! 
mode. Recognition of own SLA. General call 


! 
recognized, if S1ADR. 0-1. 


!------------------------------------------------- 
.sect 
srsAO 


.base Ox1aO 


!------------------------------------------------- 
! STATE 
; 
A8, Own SLA+R received, ACK returned. 


! ACTION; 
DATA will be transmitted, A bit received. 


!------------------------------------------------- 
.sect 
stsa8 


.base Ox1a8 


01A8 
8548DA 
rnov 
S1DAT,STD 
! load DATA in S1DAT 
01AB 
75D8C5 
mov 
S1CON,#ENS 1_NOTSTA_NOTSTO_NOTSLAA_CRO 


! clr SI, set AA 
01AE 
01E8 
ajmp 
INITBASE2 


.sect 
ibase2 


.base Oxe8 


00E8 
75D018 
INITBASE2; 
mov 
psw,#SELRB3 


OOEB 
7948 
mov 
r1,#STD 


OOED 
09 
inc 
r1 


OOEE 
DODO 
pop 
psw 


OOFO 
32 
reti 


!------------------------------------------------- 
1STATE 
; 
BO,Arbitration lost in SLA and RJWas MST. 


! 
Own SLA+R received, ACK returned. 
! ACTION; 
DATA will be transmitted, A bit received. 
1 
STA is set to restart MST mode after the 


! 
bus is free again. 
!------------------------------------------------- 
.sect 
stsbO 


.base Ox1bO 


01BO 
01B3 
01B6 


8548DA 
75D8E5 
01E8 


mov 
S1DAT,STD 
!load DATA in S1DAT 


mov 
S1CON,#ENS1_STA_NOTSTO_NOTSI_AA_CRO 


ajmp 
INITBASE2 


1------------------------------------------------- 
1STATE 
; 
B8, DATA has been transmitted, ACK received. 


1ACTION; 
DATA will be transmitted, ACK bit is received. 


1------------------------------------------------- 
.sect 
stsb8 


.base Ox1b8 


01B8 
01BB 
01BD 


75D018 
87DA 
01F8 


mov 
psw,#SELRB3 
mov 
S1DAT,@r1 
ajmp 
SCON 


OOFB 
OOFC 
OOFE 


09 
DODO 
32 


inc 
r1 
pop 
psw 


reti 


Reset Circuitry 
The reset circuitry for the 8XC552 is 
connected to the reset pin RST. A Schmitt 
trigger is used at the input for noise rejection 
(see Figure 25). The output of the Schmitt 
trigger is sampled by the reset circuitry every 
machine cycle. 


A reset is accomplished by holding the RST 
pin HIGH for at least two machine cycles (24 
oscillator periods) while the oscillator is 
running. The CPU responds by executing an 
internal reset. During reset, ALE and PSEN 
output a HIGH level. In order to perform a 
correct reset, this level must not be affected 
by external elements. The RST line can also 
be pulled HIGH internally by a pull-up 
transistor activated by the watchdog timer T3. 
The length of the output pulse from T3 is 3 
machine cycles. A pulse of such short 
duration is necessary in order to recover from 
a processor or system fault as fast as 
possible. 


Note that the short reset pulse from Timer T3 
cannot discharge the power-on reset 
capacitor (see Figure 26). Consequently, 
when the watchdog timer is also used to set 
external 
devices, 
this capacitor 
arrangement 
should not be connected to the RST pin, and 
a different circuit should be used to perform 
the power-on reset operation. A timer T3 


!------------------------------------------------- 
! STATE 
CO, DATA has been transmitted, NOT ACK 
! 
received. 
! ACTION: 
Enter not addressed SLY mode. 
!------------------------------------------------- 
.sect 
stscO 


.base OxlcO 


!------------------------------------------------- 
! STATE 
C8, Last DATA has been transrnitted (AA;O), 
! 
ACK received. 
! ACTION: 
Enter not addressed SLY mode. 
!------------------------------------------------- 
.sect 
stsc8 


.base Oxlc8 


overflow, if enabled, will force a reset 
condition to the 8XC552 by an internal 
connection, whether the output RST is tied 
LOW or not. 


The internal reset is executed during the 
second cycle in which RST is HIGH and is 
repeated every cycle until RST goes low. It 
leaves the intemal registers as follows: 


REGISTER 
CONTENT 
The internal RAM is not affected by reset. At 
compare registers CMO, CM 1, and CM2. 
power-on, the RAM content is indeterminate. 
When an 8-bit or 16-bit overflow occurs, flags 


ACC 
0000 
0000 
T2BO and T20V are set, respectively. These 


ADCON 
xxOO 
0000 
Interrupts 
nine flags are not cleared by hardware and 


ADCH 
xxxx 
xxxx 
The 8XC552 has fifteen interrupt sources, 
must be reset by software to avoid recurring 
B 
0000 
0000 
each of which can be assigned one of two 
interrupts. 
CMLO-CML2 
0000 
0000 
priority levels, as shown in Figure 27. The 


CMHO-CMH2 
0000 
0000 
five interrupt sources common to the 80C51 
The ADC interrupt is generated by the ADCI 


CTCON 
0000 
0000 
are the external interrupts (TNTO and IlilTf), 
flag in the ADC control register (ADCON). 
CTLO-CTL3 
xxxx 
xxxx 
the timer a and timer 1 interrupts (ITa and 
This flag is set when an ADC conversion 
CTHO-CTH3 
xxxx 
xxxx 
DPL 
0000 
0000 
IT1), and the serial 110 interrupt (RI or TI). In 
result is ready to be read. ADCI is not cleared 


DPH 
0000 
0000 
the 8XC552, the standard serial interrupt is 
by hardware and must be reset by software 


iENO 
0000 
0000 
called SIOO. Since the subsystems which 
to avoid recurring interrupts. 


IEN1 
0000 
0000 
create these interrupts are identical on both 


IPO 
xOOO 
0000 
parts, their functionality is likewise identical. 


IP1 
0000 
0000 
The only differences are the locations of the 
PCH 
0000 
0000 
enable and priority register configurations 
PCL 
0000 
0000 
PCON 
OxxO 
0000 
and the priority structure. This is detailed 


PSW 
0000 
0000 
below along with the specifics of the 


PWMO 
0000 
0000 
interrupts unique to the 8XC552. 
PWM1 
0000 
0000 
The eight Timer T2 interrupts are generated 
PWMP 
0000 
0000 
PO-P4 
1111 
1111 
by flags CTI0-CT13, CMI0-CMI2, and by the 


P5 
xxxx 
xxxx 
logical OR of flags T20V and T2BO. Flags 
RTE 
0000 
0000 
CTIO to CT13 are set by input signals CTOI to 


SOBUF 
xxxx 
xxxx 
CT3i. Flags CMIO to CMI2 are set when a 


SOCON 
0000 
0000 
match occurs between Timer T2 and the 


S1ADR 
0000 
0000 


S1CON 
0000 
0000 


S1DAT 
0000 
0000 


S1STA 
1111 
1000 


SP 
0000 
0111 


STE 
1100 
0000 


TCON 
0000 
0000 
THO, TH1 
0000 
0000 
TMH2 
0000 
0000 
TLO, TL 1 
0000 
0000 
TML2 
0000 
0000 
TMOD 
0000 
0000 
TM2CON 
0000 
0000 
TM21R 
0000 
0000 


T3 
0000 
0000 


Interrupt 
enable 
registers 
.A.. 


Interrupt 
t' 
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Interrupt priority 


source. 
Source 
enable 
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enable 
registers 
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Figure 27. 
The Interrupt 
System 


The SI01 (12C)interrupt is generated by the 
SI flag in the SI01 control register (S1CON). 
This flag is set when S1STA is loaded with a 
valid status code. 


The ADCI flag may be reset by software. It 
cannot be set by software. All other flags that 
generate interrupts may be set or cleared by 
software, and the effect is the same as 
setting or resetting the flags by hardware. 
Thus, interrupts may be generated by 
software and pending interrupts can be 
canceled by software. 


Interrupt 
Enable Registers: 
Each interrupt 


source can be individually enabled or 
disabled by setting or clearing a bit in the 
interrupt enable special function registers 
IENO and IEN1. All interrupt sources can also 
be globally enabled or disabled by setting or 
clearing bit EA in IENO.The interrupt enable 
registers are described in Figures 28 and 29. 


Interrupt 
Priority 
Structure: 
Each interrupt 
source can be assigned one of two priority 
levels. Interrupt priority levels are defined by 
the interrupt priority special function registers 
IPOand iP1. IPOand IP1 are described in 
Figures 30 and 31. 


Interrupt priority levels are as follows: 
"O"-Iow 
priority 


"1"-high 
priority 


A low priority interrupt may be interrupted by 
a high priority interrupt. A high priority 
interrupt cannot be interrupted by any other 
interrupt source. If two requests of different 
priority occur simultaneously, the high priority 


level request is serviced. If requests of the 
same priority are received simultaneously, an 
internal polling sequence determines which 
request is serviced. Thus, within each priority 
level, there is a second priority structure 
determined by the polling sequence. This 
second priority structure is shown in Table 8. 


The above Priority Within Level structure is 
only used when there are simultaneous 
requests of the same priority level. 


Interrupt 
Handling: 
The interrupt sources 
are sampled at S5P2 of every machine cycle. 
The samples are polled during the following 
machine cycle. If one of the flags was in a set 
condition at S5P2 of the previous machine 
cycle, the polling cycle will find it and the 
interrupt system will generate an LCALL to 
the appropriate service routine, provided this 
hardware-generated LCALL is not blocked by 
any of the following conditions: 
1. An interrupt of higher or equal priority 
level is already in progress. 


2. The current machine cycle is not the final 
cycle in the execution of the instruction in 
progress. (No interrupt request will be 
serviced until the instruction in progress is 
completed.) 


3. The instruction in progress is RETI or any 
access to the interrupt priority or interrupt 
enable registers. (No interrupt will be 
serviced after RETI or after a read or write 
to IPO, IP1, lEO, or IE1 until at least one 
other instruction has been subsequently 
executed.) 


The polling cycle is repeated with every 
machine cycle, and the values polled are the 
values present at S5P2 of the previous 
machine cycle. Note that if an interrupt flag is 
active but is not being responded to because 
of one of the above conditions, and if the flag 
is inactive when the blocking condition is 
removed, then the blocked interrupt will not 
be serviced. Thus, the fact that the interrupt 
flag was once active but not serviced is not 
remembered. Every polling cycle is new. 


The processor acknowledges an interrupt 
request by executing a hardware-generated 
LCALL to the appropriate service routine. In 
some cases it also clears the flag which 
generated the interrupt, and in others it does 
not. It clears the Timer 0, Timer 1, and 
external interrupt flags. An external interrupt 
flag (IEO or IE1) is cleared only if it was 
transition-activated. 
All other interrupt flags 
are not cleared by hardware and must be 
cleared by the software. The LCALL pushes 
the contents of the program counter on to the 
stack (but it does not save the PSW) and 
reloads the PC with an address that depends 
on the source of the interrupt being vectored 
to as shown in Table 9. 


Execution proceeds from the vector address 
until the RETI instruction is encountered. The 
RETI instruction clears the "priority level 
active" flip-flop that was set when this 
interrupt was acknowledged. It then pops the 
top two bytes from the stack and reloads the 
program counter. Execution of the interrupted 
program continues from where it was 
interrupted. 


IEND.6 


IENO.S 


IENO.4 


IENO.3 


IENO.2 


IENe.1 


IENO.O 


Global 
enable/disable 
control 


0= 
No interrupt 
Is enabled 


1 = Any individually 
enabled 
Interrupt 
will 


be accepted 


Enable 
ADe 
Interrupt 


Enable Siol (12C) Interrupt 


Enable 
5100 
(UART) 
interrupt 


Enable 
Timer 
1 interrupt 


Enable 
External 
interrupt 
1 


Enable 
Timer 
0 Interrupt 


Enable 
External 
interrupt 
0 


lENt.? 


IENt.6 


IENt.S 


IEN1.4 


IEN1.3 


IEN1.2 


IENt.1 


IENt.e 


Enable 
T2 overflow 
Interrupt(s) 


Enable 
T2 comparator 
2 interrupt 


Enable 
T2 comparator 
1 Interrupt 


Enable 
T2 comparator 
0 Interrupt 


Enable 
T2 capture 
register 
3 interrupt 


Enable 
T2 capture 
register 
2 interrupt 


Enable 
T2 capture 
register 
1 Interrupt 


Enable 
T2 capture 
register 
0 interrupt 


Unused 


ADC Interrupt 
prlortty 
level 


5101 
(12C) Interrupt 
priority 
level 


5100 
(UART) 
Interrupt 
priority 
level 


TImer 
1 Interrupt 
priority 
level 


Extemallnterrupt 
1 prlortty 
level 


TImer 0 Interrupt 
priority 
level 


External 
Interrupt 0 priority 
level 


T2 overflow 
Interrupt(a) 
priority 
level 


T2 comparator 
2 Interrupt 
priority 
level 


T2 comparator 
1 Interrupt 
prlorlty 
level 


T2 comparator 
0 Interrupt 
priority 
level 


T2 capture 
regl8ter 
3 Interrupt 
priority 
level 


T2 capture 
register 21ntemlpl 
priority Ie.el 


T2 capture 
reglater 
1 Interrupt 
priority 
level 


T2 capture 
register 
0 Interrupt 
priority 
level 


SOURCE 
NAME 
PRIORITY WITHIN LEVEL 


(highest) 
External interrupt 0 
XO 
i 
5101 (12C) 
S1 


ADC completion 
ADC 


Timer 0 overllow 
TO 


T2 capture 0 
CTO 
T2 compare 0 
CMO 


External interrupt 1 
X1 


T2 capture 1 
CT1 


T2compare 
1 
CM1 


Timer 1 overllow 
T1 
T2 capture 2 
CT2 


T2 compare 2 
CM2 


SIOO (UART) 
SO 


T2 capture 3 
CT3 


Timer T2 overllow 
T2 
J, 


(lowest) 


SOURCE 
NAME 
VECTOR ADDRESS 


External interrupt 0 
XO 
0003H 


Timer 0 overllow 
TO 
OOOBH 


External interrupt 1 
X1 
0013H 


Timer 1 overllow 
T1 
001BH 


5100 (UART) 
SO 
0023H 


5101 (12C) 
S1 
002BH 


T2 capture 0 
CTO 
0033H 


T2 capture 1 
CT1 
003BH 


T2 capture 2 
CT2 
0043H 


T2 capture 3 
CT3 
004BH 


ADC completion 
ADC 
0053H 


T2 compare 0 
CMO 
005BH 


T2 compare 1 
CM1 
0063H 


T2 compare 2 
CM2 
006BH 


T2overllow 
T2 
0073H 


VO Port Structure 
The 8XC552 has six 8-bit ports. Each port 
consists of a latch (special function registers 
POto P5), an input buffer, and an output 
driver (port 0 to 4 only). Ports 0-3 are the 
same as in the 80C51 , with the exception of 
the additional functions of port 1. The parallel 
I/O function of port 4 is equal to that of ports 
1, 2, and 3. Port 5 may be used as an input 
port only. 


Figure 32 shows the bit latch and I/O buffer 
functional diagrams of the unique 8XC552 
ports. A bit latch corresponds to one bit in a 
port's SFR and is represented as a D type 
flip-flop. A "write to latch" signal from the CPU 
latches a bit from the internal bus and a "read 
latch" signal from the CPU places the Q 
output of the flip-flop on the internal bus. A 
"read pin" signal from the CPU places the 
actual port pin level on the internal bus. 
Some instructions that read a port read the 
actual port pin levels, and other instructions 
read the latch (SFR) contents. 


Port 1 Operation 
Port 1 operates the same as it does in the 
8051 with the exception of port lines P1.6 and 
P1.7, which may be selected as the SCl and 
SDA lines of serial port 8101 (12C).Because 
the 12Cbus may be active while the device is 
disconnected from Voo, these pins are 
provided with open drain drivers. Therefore 
pins P1.6 and P1.7 do not have internal 
pull-ups. 


Port 5 Operation 
Port 5 may be used to input up to 8 analog 
signals to the ADC. Unused ADC inputs may 
be used to input digital inputs. These inputs 
have an inherent hysteresis to prevent the 
input logic from draWing excessive current 
from the power lines when driven by analog 
signals. Channel to channel crosstalk (Ct) 
should be taken into consideration when both 
analog and digital signals are simultaneously 
input to Port 5 (see, D.C. characteristics in 
data sheet). 


Port 5 is not bidirectional and may not be 
configured as an output port. All six ports are 
multifunctional, and their alternate functions 
are listed in Table 10. A more detailed 
description of these features can be found in 
the relevant parts of this section. 


Pulse Width Modulated 
Outputs 
The 8XC552 contains two pulse width 
modulated output channels (see Figure 33). 
These channels generate pulses of 
programmable length and interval. The 
repetition frequency is defined by an B-bit 
prescaler PWMP, which supplies the clock for 
the counter. The prescaler and counter are 
common to both PWM channels. The B-bit 
counter counts modulo 255, i.e., from 0 to 
254 inclusive. The value of the B-bit counter 
is compared to the contents of two registers: 
PWMO and PWM 1. Provided the contents of 
either of these registers is greater than the 
counter value, the correspondingl'WfVlO 
or 
PWIiiff output is set lOW. If the contents of 
these registers are equal to, or less than the 
counter value, the output will be HIGH. The 
pulse-width-ratio is therefore defined by the 
contents of the registers PWMO and PWM 1. 
The pulse-width-ratio is in the range of 0 to 1 
and may be programmed in increments of 
1/255. 


Buffered PWM outputs may be used to drive 
DC motors. The rotation speed of the motor 
would be proportional to the contents of 
PWMn. The PWM outputs may also be 
configured as a dual DAC. In this application, 
the PWM outputs must be integrated using 
conventional operational amplifier circuitry. If 
the resulting output voltages have to be 
accurate, external buffers with their own 
analog supply should be used to buffer the 
PWM outputs before they are integrated. The 
repetition frequency fpWM,at the PWMn 
outputs is give by: 


fose 


2 x (1 + PWMP) x 255 


This gives a repetition frequency range of 
123Hz to 3104kHz (fose = 16MHz). At 


fosc = 24MHz, the frequency range is 1B4Hz 
to 47.1 Hz. By loading the PWM registers with 
either OOHor FFH, the PWM channels will 
output a constant HIGH or lOW level, 
respectively. Since the B-bit counter counts 
modulo 255, it can never actually reach the 
value of the PWM registers when they are 
loaded with FFH. 


When a compare register (PWMO or PWM1) 
is loaded with a new value, the associated 
output is updated immediately. It does not 
have to wait until the end of the current 
counter period. Both J5WIiifrioutput pins are 
driven by push-pull drivers. These pins are 
not used for any other purpose. 


Prescaler frequency control register PWMP 


PWMP 
(FEH) I 
7 I 
6 I 
5 I 
4 I 
3 I 
2 I 
1 I 
0 I 


MSB 
LSB 


Reading PWMP gives the current reload 
value. The actual count of the prescaler 
cannot be read. 


PWMO/1.0-7) low/high 
ratio of J5WIiifri= 


IPWMn) 
255-(PWMn) 


Analog-to-Digital 
Converter 


The analog input circuitry consists of an 
8-input analog multiplexer and a 10-bit, 
straight binary, successive approximation 
ADC. The analog reference voltage and 
analog power supplies are connected via 
separate input pins. The conversion takes 50 
machine cycles, i.e., 37.511Sat an oscillator 
frequency of 16MHz, 2511Sat an oscillator 
frequency of 24MHz. Input voltage swing is 
from OVto +5V. Because the internal DAC 
employs a ratiometric potentiometer, there 
are no discontinuities in the converter 
characteristic. Figure 34 shows a functional 
diagram of the analog input circuitry. 


NOTE: 


PUll-up nol present 
on P1.6 and Pl.7. 


·Two period 
aclive 
pull-up 
as in the aOCS1. 


Alternate 
Output 
Function 


~ 


P5'X 
Pin 


ToADC 


PORT PIN 
ALTERNATE FUNCTION 


PO.O 
ADO 
} 


PO.1 
AD1 
PO.2 
AD2 
PO.3 
AD3 
Multiplexed lower order address/data bus used 
PO.4 
AD4 
during external memory accesses 
PO.5 
AD5 
PO.6 
AD6 


PO.7 
AD7 


P1.0 
CTOI } 


PU 
CT11 
Capture timiner input signals for timer T2 


P1.2 
CT21 


P1.3 
CT31 
P1.4 
T2 
T2 event input 
P1.5 
RT2 
T2 timer reset signal. Rising edge triggered 
P1.6 
SCL 
Serial port clock line 12Cbus 
P1.7 
SDA 
Serial port data line 12Cbus 


P2.0 
AS 
} 


P2.1 
A9 
P2.2 
A10 


P2.3 
A11 
High order address byte used during 
P2.4 
A12 
external memory accesses 
P2.5 
A13 


P2.6 
A14 


P2.7 
A15 


P3.0 
RxD 
Serial input port (UART) 
P3.1 
TxD 
Serial output port (UART) 
P3.2 
Ifrn) 
External interrupt 0 


P3.3 
1NTT 
External interrupt 1 
P3.4 
TO 
Timer 0 external input 
P3.5 
T1 
Timer 1 external input 


P3.6 
WR 
External data memory write strobe 


P3.7 
1m 
External data memory read strobe 


P4.0 
CM,"~ 
P4.1 
CMSR1 


P4.2 
CMSR2 
Timer T2: compare and seVreset outputs on a 
P4.3 
CMSR3 
match with timer T2 


P4.4 
CMSR4 
P4.5 
CMSR5} 
P4.6 
CMTO 
Timer T2: compare and toggle outputs on a match 


P4.7 
CMT1 
with timer T2 


P5.0 
ADCO 


} 


P5.1 
ADC1 


P5.2 
ADC2 


P5.3 
ADC3 
Eight analogue ADC inputs 
P5.4 
ADC4 


P5.5 
ADC5 


P5.6 
ADC6 


P5.7 
ADC7 


• 
lOp 


15/16 
59/64 
----------- 
3/4 
7/8 
29/32 


1/2 


Analog-to-Digital 
Conversion: 
Figure 35 


shows the elements of a successive 
approximation (SA) ADC. The ADC contains 
a DAC which converts the contents of a 
successive approximation register to a 
voltage (VDAC) which is compared to the 
analog input voltage (Vin). The output of the 
comparator is fed to the successive 
approximation control logic which controls the 
successive approximation register. A 
conversion is initiated by setting ADCS in the 
ADCON register. ADCS can be set by 
software only or by either hardware or 
software. 


The software only start mode is selected 
when control bit ADCON.5 (ADEX) = O.A 
conversion is then started by setting control 
bit ADCON.3 (ADCS). The hardware or 
software start mode is selected when 
ADCON.5 = 1, and a conversion may be 
started by setting ADCON.3 as above or by 
applying a rising edge to external pin STADC. 
When a conversion is started by applying a 
rising edge, a low level must be applied to 
STADC for at least one machine cycle 
followed by a high level for at least one 
machine cycle. 


The low-to-high transition of STADC is 
recognized at the end of a machine cycle, 
and the conversion commences at the 
beginning of the next cycle. When a 
conversion is initiated by software, the 
conversion starts at the beginning of the 
machine cycle which follows the instruction 
that sets ADCS. ADCS is actually 


implemented with two flip-flops: a command 
flip-flop which is affected by set operations, 
and a status flag which is accessed during 
read operations. 


The next two machine cycles are used to 
initiate the converter. At the end of the first 
cycle, the ADCS status flag is set and a value 
of "1" will be retumed if the ADCS flag is read 
while the conversion is in progress. Sampling 
of the analog input commences at the end of 
the second cycle. 


During the next eight machine cycles, the 
voltage at the previously selected pin of port 
5 is sampled, and this input voltage should be 
stable in order to obtain a useful sample. In 
any event, the input voltage slew rate must 
be less than 10V/ms in order to prevent an 
undefined result. 


The successive approximation control logic 
first sets the most significant bit and clears all 
other bits in the successive approximation 
register (10 0000 00008). The output of the 
DAC (50% full scale) is compared to the input 
voltage Vin. If the input voltage is greater 
than VDAC, then the bit remains set; 
otherwise it is cleared. 


The successive approximation control logic 
now sets the next most significant bit 
(11 000000008 
or 01 000000008, 


depending on the previous result), and VDAC 
is compared to Vin again. If the input voltage 
is greater than VDAC, then the bit being 
tested remains set; otherwise the bit being 


Successive 
Approximation 


Register 


tested is cleared. This process is repeated 
until all ten bits have been tested, at which 
stage the result of the conversion is held in 
the successive approximation register. Figure 
36 shows a conversion flow chart. The bit 
pointer identifies the bit under test. The 
conversion takes four machine cycles per bit. 


The end of the 1O-bit conversion is flagged by 
control bit ADCON.4 (ADCI). The upper a bits 
of the result are held in special function 
register ADCH, and the two remaining bits 
are held in ADCON.7 (ADC.1) and ADCON.6 
(ADC.O). The user may ignore the two least 
significant bits in ADCON and use the ADC 
as an a-bit converter (a upper bits in ADCH). 
In any event, the total actual conversion time 
is 50 machine cycles for the aXC552 or 24 
machine cycles for the aXC562. ADCI will be 
set and the ADCS status flag will be reset 50 
(or 24) cycles after the command flip-flop 
(ADCS) is set. 


Control bits ADCON.O, ADCON.1, and 
ADCON.2 are used to control an analog 
multiplexer which selects one of eight analog 
channels (see Figure 37). An ADCajmp 
RET 
mr conversion in progress is unaffected by an 
external or software ADC start. The result of 
a completed conversion remains unaffected 
provided ADCI = logic 1; a new ADC 
conversion already in progress is aborted 
when the idle or power-down mode is 
entered. The result of a completed 
conversion (ADCI = logic 1) remains 
unaffected when entering the idle mode. 


Successive 
Approximation 
Control 
logic 


ADCON.7 


ADCON.6 


ADCON.5 


ADCON.2 
ADCON.1 
ADCON.O 


Symbol 


ADC.1 


ADC.O 


ADEX 


AADR2 
AADR1 
AADRO 


Bit 1 of ADC result 


Bit 0 of ADC 
result 


Enable 
external 
start of conversion 
by STADC 
a = Conversion 
can be started 
by software 
only (by selting 
ADCS) 
1 =- Conversion 
can be started 
by software 
or externally 
(by a rising edge on STADe) 


ADC interrupt 
Ilag: this flag is set when 
an AID conversion 
result is ready to be read. An interrupt 
is invoked 
if 
it is enabled. 
The flag may be cleared 
by the interrupt 
service 
routine. 
While 
this flag is set, the ADC cannot 
start a new conversion. 
ADCI cannot 
be set by software. 


ADC start and status: 
setting 
this bit starts an AID conversion. 
It may be set by software 
or by the external 
signal 
STADC. 
The ADC logic ensures 
that this signal 
is HIGH while the ADC 
is busy. On completion 
of the 
conversion, 
ADCS 
is reset althe 
same time the interrupt 
flag is set. ADCS 
cannot 
be reset by software. 
A new 
conversion 
may not be started 
while 
either ADCS 
or ADCI is high. 


ADCI 
ADCS 
ADC Status 


0 
0 
ADC not busy; a conversion 
can be started 
0 
1 
ADC busy; start of a new conversion 
is blocked 
, 
0 
Conversion 
completed; 
start 01 a new conversion 
is blocked 
, 
, 
Not possible 


Analogue 
input select: 
this binary 
coded 
address 
selects 
one of the 
eight analogue 
port bits 01 P5 to be inpul to the converter. 
It can only 
be changed 
when ADCI 
and ADCS 
are both lOW. 


AADR2 
AADR1 
MDRa 
Selected 
Analog 
Channel 


0 
0 
0 
ADCO IPS.O) 
0 
0 
1 
ADCl 
(PS.') 
0 
, 
0 
ADC2 
(PS.2) 
0 
, 
1 
ADC3 
(PS.3) 
, 
0 
0 
ADC4 
(P5.4) 
0 
, 
0 
ADCS (PS.5) 
1 
1 
0 
ADC6 (P5.6) 
, 
, 
, 
ADC7 
(PS.7) 


CPU 
TimerT2 
PWMO,PWM1 
ADC 


(halted) 
(halted and reset) 
(reset; outputs are high) 
(conversion aborted if in 
progress). 


may be between AVoo + 0.2V and AVss- 
0.2V. AVref+ should be positive with respect 
to AVref-, and the input voltage (Vin) should 
be between AVref+ and AVref-. If the analog 
input voltage range is from 2V to 4V, then 
1O-bit resolution can be obtained over this 
range if AVref+ = 4V and AVref- = 2V. 


The result can always be calculated from the 
following formula: 


Result = 1024 x 
V'N - AV,ef_ 


AVref+ 
- 
AVref_ 


ADC Resolution 
and Analog Supply: 


Figure 3B shows how the ADC is realized. 
The ADC has its own supply pins (AVoo and 
AVss) and two pins (Vref+ and Vref-) 
connected to each end of the DAC's 
resistance-ladder. The ladder has 1023 
equally spaced taps, separated by a 
resistance of "R". The first tap is located 
0.5 x R above Vref-, and the last tap is 
located 1.5 x R below Vref+. This gives a 
total ladder resistance of 1024 x R. This 
structure ensures that the DAC is monotonic 
and results in a symmetrical quantization 
error as shown in Figure 40. 


Timer 0 
Timer 1 
TimerT3 
51005101 
External interrupts 
Power Reduction 
Modes 
The BXC552 has two reduced power modes 
of operation: the idle mode and the 
power-down mode. These modes are entered 
by setting bits in the PCON special function 
register. When the BXC552 enters the idle 
mode, the following functions are disabled: 


For input voltages between Vref- and (Vref-) 
+ 1/2 LSB, the 10-bit result of an AID 
conversion will be 00 0000 OOOOB= OOOH. 
For input voltages between (Vref+) - 3/2 LSB 
and Vref+, the result of a conversion will be 
1111111111B=3FFH.AVref+andAVref- 


When the BXC552 enters the power-down 
mode, the oscillator is stopped. The 
power-down mode is entered by setting the 
PD bit in the PCON register. The PD bit can 
only be set if the FfJ input is tied HIGH. 


Successive 
Approximation 


Register 


Successive 


Approximation 
Control logic 


Tolal resistance 
1023R 
+ 2 x RI2 


= 
1024R 


r------, 
I· 
• 
I 
I 
I 
I 
I 
I SmN+1 
RmN+1 I 
IN+1~ __ 
~I~/ ---'VVv--+---+--- 
II SmN 
RmN 


I 
I 
L 
...J 


Multiplexer 


Rm = 0.5 - 3 kohms 
CS + CC = 15pF maximum 
RS = Recommended < 9.6 kohms for 1 LSB @ 12MHz 


NOTE: 
Because the analog to digital converter has a sampled-data comparator, the input looks capacitive to a source. When a conversion 
is initiated, switch Sm closes for Btcy (B~s @ 12MHz crystal frequency) during which time capacitance Cs + Cc is charged. It should 
be noted that the sampling causes the analog input to present a varying load to an analog source. 


Vin - Vdigital 


1 


Power-Down 
Mode: The instruction that sets 


PCON.1 will be the last instruction executed 
in the normal operating mode before the 
power-down mode is entered. In the 
power-down mode, the on-chip oscillator is 
stopped. This freezes all functions; only the 
on-chip RAM and special function registers 
are held. The port pins output the contents of 
their respective special function registers. A 
hardware reset is the only way to terminate 
the power-down mode. Reset re-defines all 
the special function registers, but does not 
change the on-chip RAM. 


In the power-down mode, Voo and AVoo can 
be reduced to minimize power consumption. 
Voo and AVoo must not be reduced before 
the power-down mode is entered and must 
be restored to the normal operating voltage 
before the power-down mode is terminated. 
The reset that terminates the power-down 
mode also freezes the oscillator. The reset 
should not be activated before Voo and AVoo 
are restored to their normal operating level, 
and must be held active long enough to allow 
the oscillator to restart and stabilize (normally 
less than 1Oms). 


The status of the external pins during 
power-down is shown in Table 11. If the 
power-down mode is entered while the 
8XC552 is executing out of external program 
memory, the port data that is held in the P2 
special function register is restored to port 2. 
If a port latch contains a "1", the port pin is 
held HIGH during the power-down mode by 
the strong pull-up transistor. 


Power Control 
Register PCON: The idle 


and power-down modes are entered by 
writing to bits in PCON. PCON is not bit 
addressable. See Figure 41. 


Memory Organization 
The memory organization of the 8XC552 is 
1hesame as in the 80C51 , with the exception 
1hatthe 8XC552 has 8k ROM, 256 by1es 
RAM, and additional SFRs. Addressing 
modes are the same in the 8XC552 and the 
80C51. Details of the differences are given in 
the following paragraphs. 


In the 8XC552, the lower 8k of the 64k 
program memory address space is filled by 
intemal ROM. By tying the lOA pin high, the 
processor fetches instructions from internal 
program ROM. Bus expansion for accessing 
program memory from 8k upwards is 
automatic since external instruction fetches 
occur automatically when the program 
counter exceeds 8191. If the lOA pin is tied 
low, all program memory fetches are from 
external memory. The execution speed of the 
8XC552 is the same regardless of whether 
fetches are from external or internal program 
memory. If all storage is on-chip, then by1e 
location 8191 should be left vacant to prevent 
an undesired pre-fetch from external program 
memory address 8192. 


Certain locations in program memory are 
reserved for specific programs. Locations 
OOOOHto 0002H are reserved for the 
initialization program. Following reset, the 
CPU always begins execution at locations 


OOOOH.Locations 0003H to 0075H are 
reserved for the fifteen interrupt request 
service routines. 


Functionally, the intemal data memory is the 
most flexible of the address spaces. The 
internal data memory space is subdivided 
into a 256-by1e internal data RAM address 
space and a 128-by1e special function 
register (SFR) address space, as shown in 
Figure 42. 


The internal data RAM address space is 0 to 
255. Four 8-bit register banks occupy 
locations 0 to 31. 128 bit locations of the 
internal data RAM are accessible through 
direct addressing. These bits reside in 16 
by1esof internal data RAM at locations 20H 
to 2FH. The stack can be located anywhere 
in the internal data RAM address space by 
loading the 8-bit stack pointer. The stack 
depth may be 256 by1es maximum. 


The SFR address space is 128 to 255. All 
registers except the program counter and the 
four 8-bit register banks reside in this 
address space. Memory mapping the SFRs 
allows them to be accessed as easily as 
internal RAM, and as such, they can be 
operated on by most instructions. The 56 
SFRs are listed in Figure 43, and their 
mapping in the SFR address space is shown 
in Figures 44 and 45. RAM bit addresses are 
the same as in the 80C51 and are 
summarized in Figure 46. The special 
function bit addresses are summarized in 
Figure 47. 


MODE 
MEMORY 
ALE 
'PSER 
PORTO 
PORT 1 
PORT 2 
PORT 3 
PORT 4 
J5WMOII5WMl 


Idle (1) 
Internal 
1 
1 
Port data 
Port data 
Port data 
Port data 
Port data 
HIGH 


Idle (1) 
Extemal 
1 
1 
Floating 
Port data 
Address 
Port data 
Port data 
HIGH 


Power-down 
Intemal 
0 
0 
Port data 
Port data 
Port data 
Port data 
Port data 
HIGH 


Power-down 
Extemal 
0 
0 
Floating 
Port data 
Port data 
Port data 
Port data 
HIGH 


PCON 
(B7H) 


Bit 
Symbol 


peON.7 
SMQD 


PCON.6 


peON.5 


PCON.4 
WLE 


PCON.3 
GF1 


PCON.2 
GFO 


peON.1 
PD 


PCON.O 
IDL 


Indirect 


Addressing 


Only 


Upper 
128 


Bytes In- 
ternal 
RAM 


Special 
Function 
Registers 
Direct 
Addressing 
Only 


Double 
Baud rale bit. When 
set 10 logic 
1 the 
baud rale is doubled 
when the serial port SloO 
is being used in modes 
1, 2, or 3. 


(Reserved) 


(Reserved) 


Watchdog 
load enable. 
This flag must be sel 
by software 
prior 10 loading 
timer T3 (walch· 
dog timer). 
It is cleared 
when timer T3 is 
loaded. 


General-purpose 
flag bit 


General-purpose 
flag bit 


Power-down 
bit. Selling 
this bit activates 
the 
power-down 
mode. 
It can only be set if input 
EW is high. 


Idle mode bit. Setting 
this bit activates 
the idle 
mode. 


127 


~ 


Addressable { 
Bits in RAM 
(128 Bits) 
:l2 


21 


Registers 
12 


Q 


127 
120 


7 
0 


R7 


Bank 3 


RO 


R7 


Bank 2 


RO 


R7 
Bank 
1 


RO 


R7 


Bank 
1 


RO 


Direct 
or 
Indirect 
Addressing 


Illogic 
1s are written 
to PO and IDL at the 
same time, PO takes precedence. 
The reset 
value 01 PCON 
is (OXXOOOOO). 


POINTERS: 
Stack Pointer, 
Data Pointer 
(High and Low) 


PARALLEL 
1/0 PORTS' 
PortS: 
Port 4:Port 
3: 
Port 2,' 
Port 1,' Port O' 


PULSE 
WIDTH 
MODULATED 
O/Ps: 
Pulse Width 
Modulation 
Prescaler 
Pulse Width 
Modulation 
Register 
0, 


Pulse Width 
Modulation 
Register 
1 


CAPTURE 
AND COMPARE 
LOGIC: 


CapTure 
CONtrol, 


TiMer 
T2 Interrupt 
Ilag Register, 
CapTure 
Low 0, CapTure 
High 0, 
CapTure 
Low 1, CapTure 
High 1, 


CapTure 
Low 2, CapTure 
High 2, 


CapTure 
Low 3, CapTure 
High 3, 


CoMpare 
Low 0, CoMpare 
High 0, 
CoMpare 
Low 1, CoMpare 
High 
1, 
CoMpare 
Low 2, CoMpare 
High 2 


SeT Enable, 
ReseT 
Enable 


ARITHMETIC 
REGISTERS: 


ACCumulator,' 
B register,' 


Program 
Status 
Word' 


SERIAL 
1/0 PORTS: 


Serial 0 CONtrol,' 
Serial 
0 data BUFfer, 
Serial 
1 CONtrol,' 
Serial 
1 DATa, 


Serial 
1 STAtus, 
Serial 
1 ADDress, 
PCON 


INTERRUPT 
SYSTEM: 
Interrupt 
Priority 
0.' 
Interrupt 
Priority 
1,' 
Interrupt 
Enable 
0: 
Interrupt 
Enable 
l' 


TIMERS: 


Timer 
MODe, 
Timer CONtrol,' 


Timer 
Low 0, Timer 
Hig~ 0. 
Timer 
Low 1, Timer 
High 1. 


TIMer T2 CONtrol, 
TiMer 
Low 2, 


Timer 
High 2. Timer 
T3 


Register 
Direct Byte Ad- 
Mnemonic 
Bit Address 
dress (Hex) 
,..----A----, r------ ------,,-'---, 
:::f-------------l :~: 
PWMOJ______________ 
FCH 


IPII 
FF I 
FE I FD I 
FC I FB I FA I 
F91 
F8 [ 
F8H 


B 
F7 I 
F6 I 
F5 I 
F41 
F3 1 F21 
FI 
I FO 


RTE 


STE 


'TMH2 


tlTML2 


CTCON 


TM2CON 


IENII 
EF I EEl 
EDI 
Eci 
EBI 
EA I 
E91 
E8 [ 


Accl 
Ed 
E61 
E51 
E41 
E31 
E21 
E.1Eor 


It ADCH 


AOCON 


oP5 


OFI 
OEI 
001 
OC lOBI 
OA 109 
I 08 


071 
06 
05 
04103102 
01 
100 


CF I CE I CO I cci 
CB I 
CAI 
c91 
C8 


C7 I C6 I C5 I 
c41 
C3 I 
c21 
c, I CO 


S,AOR 


SlOAT 


If SlSTA 


SlCON 


PSW 


It CTH3 


" CTH2 


*CTHl 


IICTHO 


CMH2 


CMHl 


CMHO 


TM21R 


Register 


Mnemonic 
,..----A----,r------- 


Direct Byte Ad- 
dress (Hex) 
------, ,-'---, 
,, 


IPOI 
8F 
1 BE 1 BO 1 BC 1 BB I BA 1 


B71 
B6 
B51 
B4 
B3 I B2 
Bl 
BO 


AF 
IAE 
IAO 
1 Aci 
AB 
1 AAI 
A91A8 


P3 


IfCTL3 


It CTl2 


IfCTLl 


IfCTLO 


CML2 


CMLl 


CMlO 


lENa 


8FI8EI8018CI8BI8A 
89 
188 


87 
1 86 
1 85 
1 84 
1 83 
1 82 I 8' 
1 80 


THI 


THO 


TL1 


TLO 


TMQD 


TCON 


PeON 


BOH 


AFH 


AEH 


AOH 


ACH 


ABH 


AAH 


A9H 


A8H 


AOH 


99H 
SFRs 


98H 
containing 
directly 
addressable 
bits 
90H 


80H 


8CH 


8BH 


8AH 


89H 


88H 


87H 


83H 


82H 


81H 


80H 


127 


~ 


Direct { 
Addressing 
(Bits) 
;l2 


2! 


Register 
H 


Addressing 


I 


Special 
Function 
Registers 
~ 
ill 
255 
248 
F8H 


248 
FOH 
240 
E8H 
232 
EOH 
224 
D8H 
216 
DOH 
208 
C8H 
200 
COH 
Direct 
192 
B8H 
Addressing 


184 
BOH 
(Bits) 


176 
A8H 
168 


160 
AOH 


152 
98H 


144 
90H 


136 
88H 


111 
135 
128 
80H 


127 
120 


7 
0 


R7 
Bank 3 
RO 


R7 
Bank 2 
RO 


R7 
Bank 1 


RO 


R7 
Bank 1 
RO 


Direct 
Byte 
Register 
Address 
(Hex) 
Bit Address 
Mnemonic 


,---"---, r 
""~ 


PT2 


F8H 
FF 
lP1 


FOH 
F7 
8 


ET2 


E8H 
EF 
E8 
IEN1 


EOH 
E7 
EO 
ACC 


CR2 
CRO 


08H 
OF 
08 
StCON 


CY 
P 


DOH 
07 
DO 
PSW 


eTio 


C8H 
C8 
TM21R 


COH 
C7 
CO 
P4 


PXO 


B8H 
BF 
88 
IPO 


80H 
87 
80 
P3 


EA 
EXO 


A8H 
AF 
A8 
IENO 


AOH 
A7 
AO 
P2 


SMO 
RI 


98H 
9F 
98 
SOCON 


90H 
97 
90 
P1 


TF1 
ITO 


88H 
8F 
88 
TCON 


80H 
87 
80 
PO 


7FH I(MSB) 
(L.S8t 
127 


7F 
7E 
70 
7C 
78 
7A 
79 
78 


n 
76 
75 
74 
73 
72 
71 
70 


6F 
6E 
60 
6C 
6B 
6A 
69 
68 


67 
66 
65 
64 
63 
62 
61 
60 


SF 
5E 
50 
5C 
5B 
SA 
59 
58 


57 
56 
55 
54 
53 
52 
51 
50 


4F 
4E 
40 
4C 
48 
4A 
49 
48 


47 
46 
45 
44 
43 
42 
41 
40 


3F 
3E 
3D 
3C 
38 
3A 
39 
38 


37 
36 
35 
34 
33 
32 
31 
30 


2F 
2E 
20 
2C 
28 
2A 
29 
28 


27 
26 
25 
24 
23 
22 
21 
20 


1F 
1E 
10 
1C 
18 
1A 
19 
18 


17 
16 
15 
14 
13 
12 
11 
10 


OF 
OE 
00 
OC 
OB 
OA 
09 
08 


07 
06 
05 
04 
03 
02 
01 
00 


Bank 3 


Bank 2 


Bank 
1 


Bank 0 


2FH 
47 


2EH 
46 


2DH 
45 


2CH 
44 


2BH 
43 


2AH 
42 


29H 
41 


28H 
40 


2m 
39 


26H 
38 


25H 
37 


24H 
36 


23H 
35 


22H 
34 


21H 
33 


20H 
32 


1~ 
31 


Single-chip 
8-bit microcontroller 
with to-bit AID, capture/compare 
timer, high-speed 
outputs, PWM 


DESCRIPTION 
PIN CONFIGURATIONS 


The 80C552183C552 
(hereafter generically 
~ 
referred to as 8XC552) Single-Chip 8-Bit 
0B~ 


Microcontroller is manufactured in an 
advanced CMOS process and is a derivative 
of the 80C51 microcontroller family. The 
8XC552 has the same instruction set as the 
a u s 


80C51. Three versions of the derivative exist: 


• 83C552--8k 
bytes mask programmable 
ROM 


• 80C552-ROMless 
version of the 83C552 
FEATURES 


• 87C552--8k 
bytes EPROM (described in a 
• 80C51 central processing unit 
Pin 
Function 
Pin 
Function 
separate chapter) 
1 
P5.0/ADCO 
35 
XTAl1 


• 8k x 8 ROM expandable externally to 64k 
2 
VDD 
36 
vss 
The 8XC552 contains a non-volatile 8k x 8 
bytes 
3 
STADe 
37 
vss 
read-only program memory (83C552), a 
• An additional 16-bit timer/counter coupled 
4 
PWm 
38 
NC 


volatile 256 x 8 read/write data memory, five 
. to four capture registers and three compare 
5 
l'Wm 
39 
P2.OIAOB 
8-bit I/O ports, one 8-bit input port, two 16-bit 
registers 
6 ~ 
40 
P2.1/A09 
timer/event counters (identical to the timers of 
7 
P4.OICMSRO 
41 
P2.21Al0 


the 80C51), an additional 16-bit timer coupled 
• Two standard 16-bit timer/counters 
8 
P4.1/CMSRl 
42 
P2.31Al1 


to capture and compare latches, a 15-source, 
• 256 x 8 RAM, expandable externally to 64k 
9 
P4.2ICM$R2 
43 
P2.4/A12 


10 
P4.31CMSR3 
44 
P2.5/A13 
two-priority-Ievel, nested interrupt structure, 
bytes 
11 
P4.4/CMSR4 
45 
P2.61A14 
an 8-input ADC, a dual DAC pulse width 
• Capable of producing eight synchronized, 
12 
P4.51CMSR5 
46 
P2.7/A1S 
modulated interface, two serial interfaces 
timed outputs 
13 
P4.61CMTO 
47 
PSrn 
(UART and 12C-bus),a "watchdog" timer and 
14 
P4.7/CMT1 
48 
ALE 
on-chip oscillator and timing circuits. For 
• A 1O-bit ADC with eight multiplexed analog 
15 
RST 
49 
£}; 


systems that require extra capability, the 
inputs 
16 
P1.OICTOi 
50 
PO.7/AD? 


17 
Pl.t/enl 
51 
PO.BlAD6 
8XC552 can be expanded using standard 
• Two 8-bit resolution, pulse width 
18 
Pl.21CT21 
52 
PO.51ADS 


TTL compatible memories and logic. 
modulation outputs 
19 
Pl.31CT3I 
53 
PO.4/AD4 


In addition, the 8XC552 has two software 
• Five 8-bit I/O ports plus one 8-bit input port 
20 
Pl.4fT2 
54 
PO.31AD3 


shared with analog inputs 
21 
Pl.5IRT2 
55 
PO.21AD2 
selectable modes of power reduction-Jdle 
22 
P1.6ISCL 
56 
PO.lIADl 


mode and power-down mode. The idle mode 
• 12C-busserial I/O port with byte oriented 
23 
Pl.7/SDA 
57 
PO.OIADO 


freezes the CPU while allowing the RAM, 
master and slave functions 
24 
P3.OIRxO 
58 
AVref- 


timers, serial ports, and interrupt system to 
25 
P3.1rrxD 
59 
AVref+ 
continue functioning. The power-down mode 
• Full-duplex UART compatible with the 
26 
P3.2Jll'ITO 
60 
AVss 
saves the RAM contents but freezes the 
standard 80C51 
27 
P3.3IfIilTf 
61 
AVoo 


oscillator, causing all other chip functions to 
• On-chip watchdog timer 
28 
P3.4fTO 
62 
P5.7/ADC7 


be inoperative. 
• Three speed ranges: 
29 
P3.5IT1 
63 
P5.61ADC6 


30 
P3.6IWR 
64 
P5.51ADCS 


The device also functions as an arithmetic 
- 
1.2 to 16MHz 
31 
P3.7111ll 
65 
PS.4JADC4 
processor having facilities for both binary and 
- 
1.2 to 24MHz (ROM, ROMless only) 
32 
NC 
66 
P5.31ADC3 


BCD arithmetic plus bit-handling capabilities. 
33 
NC 
67 
P5.21ADC2 


The instruction set consists of over 100 


- 
1.2 to 30MHz (ROM, ROMless only) 
34 
XTAL2 
68 
P5.1/ADCl 


instructions: 49 one-byte, 45 two-byte, and 17 
• Three operating ambient temperature 


three-byte. With a 16MHz (24MHz) crystal, 
ranges: 


58% of the instructions are executed in 
- 
PCB83C552-5: 
O°Cto +70°C 


0.75~s (0.5~s) and 40% in 1.5~s (1~s). 
- 
PCF83C552-5: 
--40°C to +85°C (XTAL 


Multiply and divide instructions require 3~s 
frequency max. 24 MHz) 
(2~s). 
- 
PCA83C552-5: --40°C to +125°C (XTAL 
frequency max. 16 MHz) 


PLASTIC 
QUAD FLAT PACK 


PIN FUNCTIONS 


Pin 
Function 
Pin 
Function 


1 
P4.1/CMSR1 
41 
P2.31Al1 


2 
P4.2JCMSA2 
42 
P2.4/A12 


3 
NC 
43 
NC 


4 
P4.3/CMSR3 
44 
NC 


5 
P4.4/CMSR4 
45 
P2.51A13 


6 
P4.5/CMSR5 
46 
P2.61A14 


7 
P4.61CMTO 
47 
P2.7/A15 


8 
P4.7/CMn 
48 
I'SEfl 


9 
RST 
49 
ALE 


10 
PU1/CTOI 
50 
Ell: 


11 
P1.11CT11 
51 
PO.7/AD7 


12 
Pl.2ICT21 
52 
PO.61AD6 


13 
P1.3ICT31 
53 
PO.51ADS 


14 
P1.4fT2 
54 
PO.4/A04 


15 
P1.5JRT2 
55 
PO.31AD3 


16 
P1.61SCL 
56 
PO.21AD2 


17 
P1.7fSDA 
57 
PO.l/ADl 


18 
P3.OIRxD 
58 
PO.OIAOO 


19 
P3.1rrxD 
59 
AVrel- 


20 
P3.2IIJiITO 
60 
AVref+ 


21 
NC 
61 
AVSS 


22 
NC 
62 
NC 


23 
P3.3IINT1 
63 
AVDD 


24 
P3.4fTO 
64 
P5.7/ADC7 


25 
P3.5IT1 
65 
P5.61ADC6 


26 
P3.6!WFl 
66 
P5.5/ADC5 


27 
P3.711ID 
67 
P5.4/ADC4 


28 
NC 
68 
P5.3/ADC3 


29 
NC 
69 
P5.2JADC2 


30 
NC 
70 
PS.1/AOC1 


31 
XTAL2 
71 
P5.OIADCO 


32 
XTAl1 
72 
VDD 


33 
IC 
73 
IC 


34 
VSS 
74 
STADe 


35 
VSS 
75 
PWK.1ll 


36 
VSS 
76 
PWfJl 


37 
NC 
77 
EW 


38 
P2.OJA08 
78 
NC 


39 
P2.1/A09 
79 
NC 


40 
P2.21Al0 
80 
P4.0ICMSAO 


NC = not connected 
Ie = internally 
connected 
(do not use) 


VSS 
VDD 


XTAL1 
XTAl2 
Ell: 
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I'SEfl 
_ 


AVSS 
-+ 
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AVref+ 
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--... 
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_ 
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"- 
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- 
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_~ 
_ 
CTOI 
<4--Jo. 
--- 
GIll 


....-.. 
.••............CT21 


<4-+ 
~ 
4-- 
CTal 


........-... 
a: 4--- 
T2 


•.......••. 
~ 
4-- 
RT2 
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ORDER 


•........• 
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ADDRESS 
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....-.. 
0 
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- "- 
- - 
:=;-~_ 
-;:DlDATA 


....---. 
----. 
TxDlClOCK 


....---. 
M+-- 
Jlirrli 


....---. ~ +-- 
mTT 


..-... 
~ +-- 
TO 


....---. 
.......- 
T1 
__ 
WR 


_ 
-lID 


PHILIPS 
NORTH AMERICA PHILIPS 
PART ORDER NUMBER 
PART MARKING 
PART ORDER NUMBER 
DRAWING 
TEMPERATURE °C 
FREQ 


ROMless 
ROM 
ROMless 
ROM 
NUMBER 
AND PACKAGE 
MHz 


PCB80C552-5-16WP 
PCB83C552-5WP/xxx 
S80C552-4A68 
S83C552-4A68 
SOT188 
o to +70, Plastic Leaded Chip 
16 
Carrier 


PCB80C552-5-16H 
PCB83C552-5H/xxx 
S80C552-4B 
S83C552-4B 
SOT318 
o to +70, Plastic Quad Fiat Pack 
16 


PCF80C552-5-16WP 
PCF83C552-5WP/xxx 
S80C552-5A68 
S83C552-5A68 
SOT188 
-40 to +85, Plastic Leaded Chip 
16 
Carrier 


PCF80C552-5-16H 
PCF83C552-5H/xxx 
S80C552-5B 
S83C552-5B 
SOT318 
-40 to +85, Plastic Quad Flat 
16 
Pack 


PCA80C552-5-16WP 
PCA83C552-5WP/xxx 
S80C552-6A68 
S83C552-6A68 
SOT188 
-40 to +125, Plastic Leaded Chip 
16 
Carrier 


PCA80C552-5-16H 
PCA83C552-5H/xxx 
S80C552-6B 
S83C552-6B 
SOT318 
-40 to +125, Plastic Quad Flat 
16 
Pack 


PCB80C552-5-24WP 
PCB83C552-5WP/xxx 
S80C552-AA68 
S83C552-AA68 
SOT188 
o to +70, Plastic Leaded Chip 
24 
Carrier 


PCB80C552-5-24H 
PCB83C552-5H/xxx 
S80C552-AB 
S83C552-AB 
SOT318 
o to +70, Plastic Quad Flat Pack 
24 


PCF80C552-5-24WP 
PCF83C552-5WP/xxx 
S80C552-BA68 
S83C552-BA68 
SOT188 
-40 to +85, Plastic Leaded Chip 
24 
Carrier 


PCF80C552-5-24H 
PCF83C552-5H/xxx 
S80C552-BB 
S83C552-BB 
SOT318 
-40 to +85, Plastic Quad Flat 
24 
Pack 


PCB80C552-5-30WP 
PCB83C552-5WP/xxx 
S80C552-CA68 
S83C552-CA68 
SOT188 
o to +70, Plastic Leaded Chip 
30 
Carrier 


PCB80C552-5-30H 
PCB83C552-5H/xxx 
S80C552-CB 
S83C552-CB 
SOT318 
o to +70, Plastic Quad Flat Pack 
30 


DRAWING 
TEMPERATURE ·C 
FREQ 


EPROM 
NUMBER 
AND PACKAGE 
MHz 


S87C552-4A68 
0398E 
o to +70, Plastic Leaded Chip 
16 
Carrier 


S87C552-4K68 
1473A 
o to +70, Ceramic Leaded Chip 
16 
Carrier wlWindow 


S87C552-4B 
SOT318 
o to +70, Plastic Quad Flat Pack 
16 


S87C552-5A68 
0398E 
-40 to +85, Plastic Leaded Chip 
16 
Carrier 


S87C552-5K68 
1473A 
-40 to +85, Ceramic Leaded 
16 
Chip Carrier wlWindow 


S87C552-5B 
SOT318 
-40 to +85, Plastic Quad Flat 
16 
Pack 


, 


, 
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~ 
ALTERNATE 
FUNCTION 
OF PORT 0 


Q] ALTERNATE 
FUNCTION 
OF PORT 
1 


[TI ALTERNATE 
FUNCTION 
OF PORT 
2 


[TI 
ALTERNATE 
FUNCTION 
OF PORT 3 
o 
ALTERNATE 
FUNCTION 
OF PORT 
4 


[I] 
ALTERNATE 
FUNCTION 
OF PORT 5 


PIN NO. 


MNEMONIC 
PLCC 
QFP 
TYPE 
NAME AND FUNCTION 


VOO 
2 
72 
I 
Digital Power Supply: 
+5V power supply pin during normal operation, idle and 


power-down mode. 


STADC 
3 
74 
I 
Start ADC Operation: 
Input starting analog to digital conversion (ADC operation can also 


be started by software). This pin must not float. 


PWf;lQ 
4 
75 
0 
Pulse Width Modulation: 
Output O. 


l'Wm 
5 
76 
0 
Pulse Width Modulation: 
Output 1. 


EW 
6 
77 
I 
Enable Watchdog 
Timer: Enable for T3 watchdog timer and disable power-down mode. 


This pin must not float. 


PO.0-PO.7 
57-50 
58-51 
I/O 
Port 0: Port 0 is an 8-bit open-drain bidirectional I/O port. Port 0 pins that have 1s written 
to them float and can be used as high-impedance inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to external program and data memory. In 
this application it uses strong internal pull-ups when emitting 1s. 


P1.0-P1.7 
16-23 
10-17 
I/O 
Port 1: 8-bit I/O port. Alternate functions include: 
16-21 
10-15 
I/O 
(P1.Q-P1.5): Quasi-bidirectional 
port pins. 
22-23 
16-17 
I/O 
(P1.6, P1.7): Open drain port pins. 
16-19 
10-13 
I 
CTOI-CT31(P1.Q-P1.3): Capture timer input signals for timer T2. 


20 
14 
I 
T2 (P1.4): T2 event input. 


21 
15 
I 
RT2 (P1.5): T2 timer reset signal. Rising edge triggered. 
22 
16 
I/O 
SCL (P1.6): Serial port clock line 12C-bus. 


23 
17 
I/O 
SDA (P1.7): Serial port data line 12C-bus. 
Port 1 is also used to input the lower order address byte during EPROM programming and 
verification. AO is on P1.0, etc. 


P2.0-P2.7 
39-46 
38-42, 
I/O 
Port 2: 8-bit quasi-bidirectional 
I/O port. 


45-47 
Alternate function: High-order address byte for external memory (A08-A 15). 


P3.0-P3.7 
24-31 
18-20, 
I/O 
Port 3: 8-bit quasi-bidirectional 
I/O port. Alternate functions include: 
23-27 


24 
18 
RxD(P3.0}: Serial input port. 


25 
19 
TxD (P3.1): Serial output port. 
26 
20 
IRTll (P3.2): External interrupt. 


27 
23 
TflTf (P3.3): External interrupt. 


28 
24 
TO(P3.4): Timer 0 external input. 


29 
25 
T1 (P3.5): Timer 1 external input. 
.- 
30 
26 
wn (P3.6): External data memory write strobe . 


31 
27 
RO (P3.7): External data memory read strobe. 


P4.0-P4.7 
7-14 
80,1-2 
I/O 
Port 4: 8-bit quasi-bidirectional 
I/O port. Alternate functions include: 


4-8 


7-12 
80,1-2 
0 
CMSRO-CMSR5 (P4.0-P4.5): Timer T2 compare and set/reset outputs on a match with 
4-6 
timerT2. 


13,14 
7,8 
0 
CMTO, CMT1 (P4.6, P4.7): Timer T2 compare and toggle outputs on a match with timer T2. 


P5.0-P5.7 
68-62, 
71-64, 
I 
Port 5: 8-bit input port. 
1 
ADCQ-ADC7 (P5.0-P5.7): Alternate function: Eight input channels to ADC. 


RST 
15 
9 
I/O 
Reset: Input to reset the 8XC552. It also provides a reset pulse as output when timer T3 
overflows. 


XTAL1 
35 
32 
I 
Crystal 
Input 1: Input to the inverting amplifier that forms the oscillator, and input to the 


internal clock generator. Receives the external clock signal when an external oscillator is 
used. 


XTAL2 
34 
31 
0 
Crystal Input 2: Output of the inverting amplifier that forms the oscillator. Left open-circuit 
when an external clock is used. 


PIN NO. 


MNEMONIC 
PLCC 
QFP 
TYPE 
NAME AND FUNCTION 


VSS 
36.37 
34-36 
I 
Two Digital ground 
pins. 


l"SEI'l 
47 
48 
0 
Program 
Store Enable: Active-low read strobe to external program memory. 


ALE 
48 
49 
0 
Address 
Latch Enable: Latches the low byte of the address during accesses to external 


memory. It is activated every six oscillator periods. During an external data memory 
access, one ALE pulse is skipped. ALE can drive up to eight LS TIL inputs and handles 
CMOS inputs without an external pull-up. 


];!; 
49 
50 
I 
External Access: 
When];!; 
is held at TIL level high, the CPU executes out of the internal 


program ROM provided the program counter is less than 8192. When];!; 
is held at TIL 


low level, the CPU executes out of external program memory. ];!; is not allowed to float. 


AVREF- 
58 
59 
I 
Analog to Digital Conversion 
Reference Resistor: 
Low-end. 


AVREF+ 
59 
60 
I 
Analog to Digital Conversion 
Reference Resistor: 
High-end. 


AVss 
60 
61 
I 
Analog Ground 


AVoo 
61 
63 
I 
Analog 
Power Supply 


NOTE: 
1. To avoid "latCh-Up· effect at power-on, the voltage on any pin at any time must not be higher or lower than Voo + 0.5V or Vss - 0.5V, 


respectively. 


OSCILLATOR 
CHARACTERISTICS 
XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol, 
page 635. 


To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 


RESET 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on Voo and RST must 
come up at the same time for a proper 
start-up. 


IDLE MODE 
In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 


remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER-DOWN 
MODE 


In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-Chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. The 
control bits for the reduced power modes are 
in the special function register PCON. Table 1 
shows the state of the I/O ports during low 
current operating modes. 


PROGRAM 
PWMOI 
MODE 
MEMORY 
ALE 
PSEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 
PORT 4 
PWM1 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 
Data 
1 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 
Data 
1 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 
Data 
1 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 
Data 
1 


Serial Control Register (S1CON) - See Table 2 


S1CON(D8H} 
EB 


Bits CRO, CR1 and CR2 determine 
the serial clock frequency 
that is generated 
in the master mode of operation. 


BIT FREQUENCY (kHz) AT fose 


CR2 
CR1 
CRO 
6MHz 
12MHz 
16MHz 
24MHzz 
30MHzz 
fose DIVIDED BY 


0 
0 
0 
23 
47 
62.5 
94 
117 1 
256 


0 
0 
1 
27 
54 
71 
107 
1 
134 
1 
224 


0 
1 
0 
31 
63 
83.3 
125 
1 
156 1 
192 


0 
1 
1 
37 
75' 
100 
150 
1 
188 
1 
160 


1 
0 
0 
6.25 
12.5 
17 
25 
31 
960 


1 
0 
1 
50 
100 
133 
1 
200 
1 
250 
1 
120 


1 
1 
0 
100 
200 
267 
1 
400 
1 
500 
1 
60 


1 
1 
1 
0.24 < 62.5 
0.49 < 62.5 
0.65 < 55.6 
0.98 < 50.0 
1.22 < 52.1 
96 x (256 - (reload value 
Timer 1)) 


0<255 
0<254 
0<253 
0<251 
0<250 
reload value Timer 1 
- 
in Mode 2. 


NOTES: 
1. These frequencies exceed the upper limit of 100kHz of the 12C-busspecification and cannot be used in an 12C-busapplication. 
2. At fose = 24MHzI 30MHz the maximum 12Cbus rate of 100kHz cannot be realized due to the fixed divider rates. 


PARAMETER 
RATING 
UNIT 


Storage temperature range 
- 
-65 to +150 
°C 


Voltage on any other pin to Vss 
.• 
... 
-0.5 to +6.5 
V 


Input, output DC current on any single I/O pin 
5.0 
mA 


Power dissipation 
(based on package heat transfer 
limitations, 
not device power 
1.0 
W 
consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 


functional operation of the device at these or any conditions other than those described in ihe AC and DC Electrical Characteristics section 
of this specification is not implied. 
. 


2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 


charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 
3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


SUPPLY VOLTAGE (V) 
FREQUENCY (MHz) 


TYPE 
MIN 
MAX 
MIN 
MAX 
TEMPERATURE 
RANGE (OC) 


PCB83(0)C552-5-16 
4.0 
6.0 
1.2 
16 
o to +70 


PCF83(0)C552-5-16 
4.0 
6.0 
1.2 
16 
-40 to +85 


PCA83(0)C552-5-16 
. 
4.5 
5.5 
1.2 
16 
-40 to +125 


PCB83(0)C552-5-24 
4.5 
5.5 
1.2 
24 
o to +70 


PCF83(0)C552-5-24 
4.5 
5.5 
1.2 
24 
-40 to +85 


PCB83(0)C552-5-30 
4.5 
5.5 
1.2 
30 
o to +70 


DC ELECTRICAL 
CHARACTERISTICS 


vss, AVss = OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


100 
Supply current operating: 
See notes 1 and 2 
PCB8XC552-5-16 
lose = 16MHz 
45 
mA 


PCF8XC552-5-16 
lose = 16MHz 
45 
mA 


PCA8XC552-5-16 
lose = 16MHz 
40 
mA 


PCB8XC552-5-24 
lose = 24MHz 
55 
mA 


PCF8XC552-5-24 
lose = 24MHz 
55 
mA 


PCB8XC552-5-30 
lose = 30MHz 
68 
mA 


110 
Idle mode: 
See notes 1 and 3 
PCB8XC552-5-16 
lose = 16MHz 
10 
mA 


PCF8XC552-5-16 
lose = 16MHz 
10 
mA 


PCA8XC552-5-16 
lose = 16MHz 
9 
mA 


PCB8XC552-5-24 
lose = 24MHz 
12,5 
mA 
PCF8XC552-5-24 
fose= 
24MHz 
12,5 
mA 
PCB8XC552-5-30 
fose= 
30MHz 
15 
mA 


Ipo 
Power-down current: 
See notes 1 and 4; 
2V < Vpo < Voo max 
PCB8XC552 
50 
IlA 
PCF8XC552 
50 
IlA 
PCA8XC552 
150 
IlA 


Inputs 


VIL 
Input low voltage, except E;lI;, P1.6, P1.7 
-0.5 
0.2Voo~·1 
V 


VILl 
Input low voltage to E;lI; 
-0.5 
0.2Voo~·3 
V 


VIL2 
Input low voltage to P1.6/SCL, P1.7/SDAs 


-- 
-0.5 
0.3Voo 
V 


VIH 
Input high voltage, except XTAL1, RST, P1.6/SCL, P1.7/SDA 
0.2Voo+0.9 
Voo+0.5 
V 


VIH1 
Input high voltage, XTAL 1, RST 
0.7Voo 
Voo+0.5 
V 


VIH2 
Input high voltage, P1.6/SCL, P1.7/SDAs 
0.7Voo 
6.0 
V 


IlL 
Logical 0 input current, ports 1, 2, 3, 4, except P1.6, P1.7 
VIN = 0.45V 
-50 
IlA 


ITL 
Logical1-l0-0 
transition current, ports 1,2,3,4, 
except P1.6, P1.7 
See note 6 
--{;50 
IlA 


±IIL1 
Input leakage current, port 0, E;lI;, STADC, r=.w 
0.45V < VI < Voo 
10 
IlA 


±11L2 
Input leakage current, P1.6/SCL, P1.7/SDA 
OV <VI < 6V 
10 
IlA 
OV < Voo < 5.5V 


±IIL3 
Input leakage current, port 5 
0.45V < VI < Voo 
1 
IlA 


Outputs 


VOL 
Output low voltage, ports 1, 2, 3, 4, except P1.6, P1.7 
IOL= 1.6mA7 
0.45 
V 


VOLl 
Output low voltage, port 0, ALE, PSEl\I, 
l'WM(j, 
I'Wf;iff 
IOL= 3.2mA7 
0.45 
V 


VOL2 
Output low voltage, P1.6/SCL, P1.7/SDA 
IOL= 3.OmA7 
0.4 
V 


VOH 
Output high voltage, ports 1, 2, 3, 4, except P1.6/SCL, P1.7/SDA 
Voo = 5V +10% 
-IOH = 60llA 
2.4 
V 
-IOH = 251lA 
0.75Voo 
V 


-IOH = 10llA 
0.9Voo 
V 


TEST 
I 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
r 
MIN 
MAX 
UNIT 


Outputs 
(Continued) 


VOH1 
Output 
high voltage 
(port 
0 in external 
bus mode, 
ALE, 
Voo 
~ 5V +10% 
1""SEN. 
l'WIi7iO, PWI;11)8 
-IOH 
~ 400~A 
2.4 
V 


-IOH 
~ 150~A 
0.75Voo 
V 


-IOH 
~ 40~A 
0.9Voo 
V 


VOH2 
Output 
high voltage 
(RST) 
, 


-IOH 
~ 400~A 
2.4 
V 


-IOH 
~ 120~A 
0.8Voo 
V 


RRST 
Internal 
reset 
pull-down 
resistor 
50 
150 
kO 


CIO 
Pin capacitance 
Test Ireq 
~ 1MHz, 
10 
pF 


Tamb ~ 25°C 


Analog 
Inputs 


AVoo 
Analog 
supply 
voltage: 


PCB8XC552-5-16 
AVoo 
~ Voo±O.2V 
4.0 
6.0 
V 


PCF8XC552-5-16 
AVoo 
~ Voo±O.2V 
4.0 
6.0 
V 


PCA8XC552-5-16 
AVoo 
~ Voo±O.2V 
4.5 
5.5 
V 


PCB8XC552-5-24 
AVoo 
~ Voo±0.2V 
4.5 
5.5 
V 


PCF8XC552-5-24 
AVoo 
~ Voo±0.2V 
4.5 
5.5 
V 


PCB8XC552-5-30 
AVoo 
~ Voo±0.2V 
4.5 
5.5 
V 


Aloo 
Analog 
supply 
current: 
operating: 
(16MHz) 
Port 5 ~ 0 to AVoo 
1.2 
mA 


Analog 
supply 
current: 
operating: 
(24MHz. 
30MHz) 
Port 
5 ~ 0 to AVoo 
1.0 
mA 


AI10 
Idle mode: 


PCB8XC552-5-16 
50 
~A 


PCF8XC552-5-16 
50 
~A 


PCA8XC552-5-16 
100 
~A 


PCB8XC552-5-24 
, 
50 
~A 


PCF8XC552-5-24 
50 
~A 


PCB8XC552-5-30 
50 
~A 


Alpo 
Power-down 
mode: 
2V < AVpo 
< AVoo 
max 


PCB8XC552 
50 
~A 


PCF8XC552 
50 
~A 
PCA8XC552 
100 
~A 


AVIN 
Analog 
input 
voltage 
AVss-0.2 
AVoo+0.2 
V 


AVREF 
Reference 
voltage: 


AVREF- 
AVss-o·2 
V 


AVREF+ 
AVoo+0.2 
V 


RREF 
Resistance 
between 
AVREF+ and AVREF 
10 
50 
kO 


CIA 
Analog 
input 
capacitance 
15 
pF 


tAOS 
Sampling 
time 
8tcY 
~s 


tAOC 
Conversion 
time 
(including 
sampling 
time) 
5°ley 
~s 


OLe 
Differential 
non-linearity'0. 
11, 12 
+1 
LSB 


ILe 
Integral 
non-linearity'0. 
13 
±2 
LSB 


OSe 
Offset 
error1O. 14 
±2 
LSB 


TEST 
LIMITS 
I 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
I UNIT 


Analog Inputs (continued) 


G. 
Gain error10, 15 
±OA 
% 


Ae 
Absolute voltage error 10,16 
±3 
LSB 


MCTC 
Channel to channel matching 
±1 
LSB 


Ct 
Crosstalk between inputs of port 517 
D-100kHz 
-00 
dB 


NOTES FOR DC ELECTRICAL 
CHARACTERISTICS: 
1. See Figures 10 through 15 for 100test conditions. 
2. The operating supply current is measured with all output pins disconnected; XTAL1 driven with t, = tf = 10ns; VIL = Vss + 0.5V; 


VIH = Voo - 0.5V; XTAL2 not connected; EA = RST = Port a = F.W = Voo; STADC = Vss. 


3. The idle mode supply current is measured with all output pins disconnected; XTAL1 driven with Ir = tf = 10ns; V1L= Vss + 0.5V; 


V1H= Voo - 0.5V; XTAL2 not connected; Port a = F.W = Voo; EA = RST = STADC = Vss. 
4. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port a = F.W = Voo; 


EA = RST = STADC = XTAL1 = Vss. 
5. The input threshold voltage of P1.6 and P1.7 (SI01) meets the 12Cspecification, so an input voltage below 1.5V will be recognized as a logic 
a while an input voltage above 3.0V will be recognized as a logic 1. 
6. 
Pins of ports 1 (except P1.6, P1.7), 2, 3, and 4 source a transition current when they are being externally driven from 1 to O.The transition 
current reaches its maximum value when VIN is approximately 2V. 
7. Capacitive loading on ports a and 2 may cause spurious noise to be superimposed on the VOLSof ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port a and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE pin may exceed O.BV.In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 


B. Capacitive loading on ports a and 2 may cause the VOHon ALE and J5SEI'l to momentarily fall below the 0.9Voo specification when the 
address bits are stabilizing. 
9. The following condition must not be exceeded: Voo - 0.2V < AVoo < Voo + 0.2V. 
10.Conditions: AVREF-= OV;AVoo = 5.0V, AVREF+(BOC552, B3C552) = 5.12V. ADC is monotonic with no missing codes. Measurement by 
continuous conversion of AVIN = -20mV to 5.12V in steps of 0.5mV. 
11.The differential non-linearity (DL.) is the difference between the actual step width and the ideal step width. (See Figure 1.) 
12.The ADC is monotonic; there are no missing codes. 
13.The integral non-linearity (IL.) is the peak difference between the center of the steps of the actual and the ideal transfer curve after 
appropriate adjustment of gain and offset error. (See Figure 1.) 
14.The offset error (OS.) is the absolute difference between the straight line which fits the actual transfer curve (after removing gain error), and 
a straight line which fits the ideal transfer curve. (See Figure 1.) 
15.The gain error (G.) is the relative difference in percent between the straight line fitting the actual transfer curve (after removing offset error), 
and the straight line which fits the ideal transfer curve. Gain error is constant at every point on the transfer curve. (See Figure 1.) 
16.The absolute voltage error (A.) is the maximum difference between the center of the steps of the actual transfer curve of the non-calibrated 
ADC and the ideal transfer curve. 
17.This should be considered when both analog and digital signals are simultaneously input to port 5. 


u 


(1) 
Example 
of an actual 
transfer 
curve. 


(2) 
The ideallransfer 
curve. 


(3) 
Differential 
non-linearity 
(OLe). 


(4) 
Integral 
non-linearity 
(ILe). 


(5) 
Cenler 
of a step of the actual 
transfer 
curve. 


1018 
1019 
1020 
1021 
1022 
1023 
1024 


AVIN 
(LSBideal) - 


{mB= AVREF+- AVREF1 


1024 


AC ELECTRICAL 
CHARACTERISTICS1, 
2 


16 MHz version 


16MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1/lcLCL 
2 
Oscillator frequency 
1.2 
16 
MHz 


ILHLL 
2 
ALE pulse width 
85 
2tcLCL-40 
ns 


tAVLL 
2 
Address valid to ALE low 
8 
lcLCL-55 
ns 


luAx 
2 
Address hold after ALE low 
28 
lcLCL-35 
ns 


lu.IV 
2 
ALE low to valid instruction in 
150 
4lcLCL-100 
ns 


It.LPL 
2 
ALE low to PSEN low 
23 
lcLCL-40 
ns 


tPLPH 
2 
PSEN pulse width 
143 
3lcLCL-45 
ns 


lpuv 
2 
PSEN low to valid instruction in 
83 
3lcLCL-105 
ns 


lpXIX 
2 
Input instruction hold after PSEN 
0 
0 
ns 


tPXIZ 
2 
Input instruction float after PSEN 
38 
lcLCL-25 
ns 


tAvlV 
2 
Address to valid instruction in 
208 
5lcLCL-105 
ns 


lpLAZ 
2 
PSEN low to address float 
10 
10 
ns 


Data Memory 


tRLRH 
3 
"ROpulse width 
275 
6lcLCL-100 
ns 


tWLWH 
4 
WR: pulse width 
275 
6lcLCL-100 
ns 


tRLDV 
3 
"ROlow to valid data in 
148 
5lcLCL-165 
ns 


tRHDX 
3 
Data hold after "RO 
0 
0 
ns 


lRHDZ 
3 
Data float after "RO 
55 
2tcLCL-70 
ns 


It.LDV 
3 
ALE low to valid data in 
350 
8lcLCL-150 
ns 


tAVDV 
3 
Address to valid data in 
398 
9lcLCL-165 
ns 


lu.WL 
3,4 
ALE low to "ROor WR: low 
138 
238 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
3,4 
Address valid to WR: low or "ROlow 
120 
4lcLCL-130 
ns 


tavwx 
4 
Data valid to WR: transition 
3 
lcLCL--60 
ns 


tow 
4 
Data before WR: 
288 
7lcLCL-150 
ns 


tWHQX 
4 
Data hold after WR: 
13 
lcLCL-50 
ns 


tRLAZ 
3 
"ROlow to address float 
0 
0 
ns 


tWHLH 
3,4 
"ROor WR: high to ALE high 
23 
103 
lcLCL-40 
lcLCL+40 
ns 


Ex1ernal Clock 


lcHCX 
5 
Hightime4 
20 
20 
ns 


lcLCX 
5 
Lowtime4 
20 
20 
ns 


lcLCH 
5 
Risetime4 
20 
20 
ns 


lcHCL 
5 
Fall time4 
20 
20 
ns 


Serial TIming - Shift Register Mode4 (Test Conditions: Tomb= O°Cto +70°C; Vss = OV;Load Capacitance = 80pF) 


tXLXL 
6 
Serial port clock cycle time 
0.75 
12lcLCL 
lIS 


taVXH 
6 
Output data setup to clock rising edge 
492 
10lcLCL-133 
ns 


tXHQX 
6 
Output data hold after clock rising edge 
8 
2tcLCL-117 
ns 


tXHDX 
6 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
6 
Clock rising edge to input data valid 
492 
1OteLCL-133 
ns 
NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and PSEN = 100pF, load capacitance for all other outputs = 80pF. 


3. lcLCL = 1/fosc = one oscillator clock period. 


lcLCL = 83.3ns at losc = 12MHz. 
lcLCL = 62.5ns at fosc = 16MHz. 


4. These values are characterized but not 100% production tested. 


AC ELECTRICAL 
CHARACTERISTICS 
(Continued)l, 
2 


24/30 
MHz version 


24MHzCLOCK 
30MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
UNIT 


lltcLCL 
2 
Oscillator frequency 
1.2 
24 
MHz 


luiLL 
2 
ALE pulse width 
43 
27 
2tcLCL-40 
ns 


tAvLL 
2 
Address valid to ALE low 
17 
8 
lcLCL-25 
ns 


It.LAX 
2 
Address hold after ALE low 
17 
8 
lcLCL-25 
ns 


It.uv 
2 
ALE low to valid instruction in 
102 
68 
4lcLCL-65 
ns 


It.LPL 
2 
ALE low to 'F'SEJiIlow 
17 
8 
lcLCL-25 
ns 


tPLPH 
2 
'F'SEJiIpulse width 
80 
55 
3lcLCL-45 
ns 


tpuv 
2 
'F'SEJiIlow to valid instruction in 
65 
40 
3lcLCL-60 
ns 


tPXIX 
2 
Input instruction hold after 'F'SEJiI 
0 
0 
0 
ns 


tPXIZ 
2 
Input instruction float after 'F'SEJiI 
17 
8 
tCLCL-25 
ns 


tAVIV 
2 
Address to valid instruction in 
128 
87 
5lcLCL-80 
ns 


tpLAZ 
2 
'F'SEJiIlow to address float 
10 
10 
10 
ns 


Data Memory 


tRLRH 
3 
RO pulse width 
150 
100 
6lcLCL-l00 
ns 


tWLWH 
4 
WR pulse width 
150 
100 
6lcLCL-100 
ns 


tRLOV 
3 
RO low to valid data in 
118 
77 
5lcLCL-90 
ns 


lRHOX 
3 
Data hold after RO 
0 
0 
0 
ns 


lRHOZ 
3 
Data float after RO 
55 
39 
2tcLCL-28 
ns 


It.LOV 
3 
ALE low to valid data in 
183 
117 
8tCLCL-150 
ns 


tAVOV 
3 
Address to valid data in 
210 
135 
9tCLCL-165 
ns 


It.LwL 
3,4 
ALE low to RO or WR low 
75 
175 
50 
150 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
3,4 
Address valid to WR low or RO low 
92 
58 
4lcLCL-75 
ns 


tavwx 
4 
Data valid to WR transition 
12 
3 
tCLCL-30 
ns 


tow 
4 
Data before WR 
162 
103 
7lcLCL-130 
ns 


tWHQX 
4 
Data hold after WR 
17 
8 
lcLCL-25 
ns 


lRLAZ 
3 
RO low to address float 
0 
0 
0 
ns 


tWHLH 
3,4 
RO or WR high to ALE high 
17 
67 
8 
58 
lcLCL-25 
lcLCL+25 
ns 


External Clock 


lcHCX 
5 
Highlime3 
17 
15 
17 
ns 


lcLCX 
5 
Lowtime3 
17 
15 
17 
ns 


lcLCH 
5 
Risetime3 
5 
3 
20 
ns 


lcHCL 
5 
Falilime3 
5 
3 
20 
ns 


Serial Timing - Shift Register 
Mode3 (Test Conditions: Tamb= O°Cto +70°C; Vss = OV; Load Capacitance = 80pF) 


tXLXL 
6 
Serial port clock cycle lime 
0.5 
0.4 
12tcLCL 
~s 


taVXH 
6 
Output data setup to clock rising edge 
283 
200 
1OlcLCL-133 
ns 


tXHQX 
6 
Output data hold after clock rising edge 
23 
6.6 
2tcLCL-60 
ns 


tXHOX 
6 
Input data hold after clock rising edge 
0 
0 
0 
ns 


tXHOV 
6 
Clock rising edge to input data valid 
283 
200 
1OteLCL-l33 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and 'F'SEJiI= 100pF, load capacitance for all other outputs = 80pF. 


3. These values are characterized but not 100% production tested. 
4. lcLCL = 1/fosc = one oscillator clock period. 
lcLCL = 41.7ns allosc 
= 24MHz. 


SYMBOL 
PARAMETER 
INPUT 
OUTPUT 


- 


(2C Interface (Refer to Figure 9) 


ltio;STA 
START condition hold time 
t 
,,14 IcLCL 
>4.0!,s 
1 


!Low 
SCLlowtime 
" 16 IcLCL 
>4.7!,s 
1 


tHIGH 
SCL high time 
" 14 IcLcL 
>4.0!,s 
1 


tRC 
SCL rise time 
S 1!'s 
_2 


tFC 
SCL fall time 
SO.3!,s 
< 0.3!,s 3 


tsu; DAT1 
Data set-up time 
" 250ns 
> 20 tCLCL- tRo 


tsu; DAT2 
SDA set-up time (before rep. START cond.) 
" 250ns 
> 1!'s 1 


tsu; DAT3 
SDA set-up time (before STOP cond.) 
- 
" 250ns 
> 8 IcLCL 


tHO;DAT 
Data hold time 
" Ons 
> 8 IcLCL - tFC 


tsu; STA 
Repeated START set-up time 
. 
" 14 IcLcL 
>4.7!,s 
1 


tsu; STO 
STOP condition set-up time 
" 14 IcLCL 
>4.0!,s 
1 


taUF 
Bus free time 
" 14 IcLcL 
>4.7!,s 
1 


tRO 
SDA rise time 
S 1!'s 
_2 


tFD 
SDA fall time 
<0.3!,s 
< 0.3!,s 3 


NOTES: 
1. At 100 kbitls. At other bit rates this value is inversely proportional to the bit-rate of 100 kbitls. 
2. 
Determined by the external bus-line capacitance and the external bus-line pull-resistor, this must be < 1!,S. 
3. Spikes on the SDA and SCL lines with a duration of less than 3 tCLCLwill be filtered out. Maximum capacitance on bus-lines SDA and 
SCL= 400pF. 


4. IcLCL= 1/fosc = one oscillator clock period at pin XTAL1. For 62ns, 42ns, 33.3ns < tCLCL< 285ns (16MHz, 24MHz, 30MHz > fosc > 


1.2MHz) the Sl01 interlace meets the 12C-busspecification for bit-rates up to 100 kbitls. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
a - Output data 


first character is always 't' (= time). The other 
R - 1m signal 


characters, depending on their positions, 
t 
- 
Time 


indicate the name of a signal or the logical 
V - 
Valid 


status of that signal. The designations are: 
W - 
WFl signal 


A - 
Address 
X - 
No longer a valid logic level 


C - 
Clock 
Z - 
Reat 


o - 
Input data 
Examples: tAVLL= Time for address valid to 


H - 
Logic level high 
ALE low. 


I 
- 
Instruction (program memory contents) 
lLLPL= Time for ALE low to 


L - 
Logic level low, or ALE 
PSEIiIlow. 


P - 
PSEIiI 


r- tXLXL-1 


OUTPUT 
DATA 
+ 
WRITE 
TO SBUF 


INPUT 
DATA 
~' 


CLEAR 
RI 


VDo-<'5 =x 
>C 
o 2VDD+O 
9 


o 45V 
._0_2_V_D_o-<'__ 
' 
_ 


NOTE: 


AC INPUTS 
DURING 
TESTING 
ARE DRIVEN 
AT VDo-<'.5 
FOR A LOGIC 
'" 
AND 


0.45V 
FOR A LOGIC 
'0'. TIMING 
MEASUREMENTS 
ARE MADE 
AT VIH MIN FOR A 


LOGIC 
'" 
AND VIL MAX FOR A LOGIC 
'0'. 


TIMING 


REFERENCE 
POINTS 


NOTE: 
FOR TIMING 
PURPOSES. 
A PORT 
IS NO LONGER 
FLOATING 
WHEN 
A 100MV 


CHANGE 
FROM 
LOAD 
VOLTAGE 
OCCURS, 
AND 
BEGINS 
TO FLOAT 
WHEN 
A 


'OQmV CHANGE 
FROM 
THE LOADED 
VOHNOL 
LEVEL 
OCCURS. 
IOH!'OL 
~ ± 


2QmA. 


(1) 
Maximum 
operating 
mode; 
VOO = BV 


(2) 
Maximum 
operating 
mode; 
VOO 
"" 4V 


(3) 
Maximum 
idle mode; 
VOO 
"" 6V 


(4) 
Maximum 
idle mode; 
VOO 
"" 4V 


/ 
/ 
/ 
/ 
/ 
/ / / 
/ 
/ / 
V/ 


~ 


/V 


~ 
-- 
~ 
--:::--- 
- 
:::: ,..- 


(1) 
Maximum 
operating 
mode; 
VOO "" 5.5V 


(2) 
Maximum 
operating 
mode; 
VOO "" 4.5V 


(3) 
Maximum 
idle mode; 
VOO 
"" 5.5V 


(4) 
Maximum 
idle mode; 
VOO "" 4.5V 


Pl.6 
Pl.7 


RST 


STADe 


Pl.6 
Pl.7 


RST 
PO 


STAOC 


XTAl2 


XTAll 


vSS 


- 
- 


Figure 12. IDDTest Condition, 
Active Mode 
All other pins are disconnected1 
Figure 13. IDDTest Condition, 
Idle Mode 


All other pins are dlsconnected2 


Pl.6 
Pl.7 


RST 


STADe 


Figure 14. Clock Signal Waveform for IDDTests in Active 
and Idle Modes tCLCH= teHCL = 5ns 
Figure 15. IDDTest Condition, 
Power Down Mode 
All other pins are disconnected. 
VDD= 2V to 5.5V3 


NOTES: 
1. Active Mode: 


a. The following pins must be forced to Voo: EJl;,RST. Port 0, and EW. 
b. The following pins must be forced to Vss: 
STADC, AVss, and AV,ef_. 
c. 
Ports 1.6 and 1.7 should be connected to Voo through resistors of sufficiently high value such that the sink current into these pins cannot 
exceed the lOLl spec of these pins. 


d. The following pins must be disconnected: 
XTAL2 and all pins not specified above. 
2. 
Idle Mode: 
a. The following pins must be forced to Voo: 
Port 0 and EW. 


b. The following pins must be forced to Vss: 
RST, STADC, AVss••AVrel-, and EJl;. 


c. 
Ports 1.6 and 1.7 should be connected to Voo through resistors of sufficiently high value such that the sink current into these pins cannot 
exceed the lOLl spec of these pins. These pins must not have logic 0 written to them prior to this measurement. 


d. The following pins must be disconnected: 
XTAL2 and all pins not specified above. 


3. 
Power Down Mode: 
a. The following pins must be forced to Voo: 
Port 0 and EW. 
b. The following pins must be forced to Vss: 
RST, STADC, XTAL 1, AVss••AV,ef_,and EJl;. 
c. 
Ports 1.6 and 1.7 should be connected to Voo through resistors of sufficiently high value such that the sink current into these pins cannot 
exceed the Iou spec of these pins. These pins must not have logic 0 written to them prior to this measurement. 


d. The following pins must be disconnected: 
XTAL2 and all pins not specified above. 


Purchase 
of Philips' 
12Ccomponents 
conveys 
a license 
under the 


Philips' 
12C patent to use the components 
in the 12C-system 
provided 
the system 
conforms 
to the 12C specifications 
defined 
by Philips. 


Single-chip 
8-bit microcontroller 
with to-bit AID, capture/compare 
timer, high-speed 
outputs, PWM 


DESCRIPTION 
PIN CONFIGURATIONS 


The 87C552 Single-Chip 8-Bit Microcontroller 
rJi 
is manufactured in an advanced CMOS 
0 [.::::J ~ 


process and is a derivative of the 80C51 
microcontroller family. The 87C552 has the 
same instruction set as the 80C51. Three 
versions of the derivative exist: 
BUS 


• 83C552-8k 
bytes mask programmable 
ROM 


• 80C552-ROMless 
version of the 83C552 


• 87C552-8k 
bytes EPROM 


The 87C552 contains a 8k x 8 a volatile 
256 x 8 read/write data memory, five B-bit I/O 
ports, one B-bit input port, two 16-bit 
timer/event counters (identical to the timers of 
the 80C51), an additional 16-bittimercoupled 
to capture and compare latches, a 15-source, 
two-priority-Ievel, nested interrupt structure, 
an 8-input ADC, a dual DAC pulse width 
modulated interface, two serial interfaces 
(UART and 12C-bus), a "watchdog" timer and 
on-chip oscillator and timing circuits. For 
systems that require extra capability, the 
87C552 can be expanded using standard 
TIL compatible memories and iogic. 


In addition, the 87C552 has two software 
selectable modes of power reduction-idle 
mode and power-down mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial ports, and interrupt system to 
continue functioning. The power-down mode 
saves the RAM contents but freezes the 
oscillator, causing all other chip functions to 
be inoperative. 


The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-byte, 45 two-byte, and 17 
three-byte. With a 16MHz (24MHz) crystal, 
58% of the instructions are executed in 
0.75J.ls(0.5J.ls)and 40% in 1.5J.ls(1J.ls). 
Multiply and divide instructions require 3J.ls 
(2J.ls). 


FEATURES 


• BOC51central processing unit 
Pin 
Function 
Pin 
. Function 


1 
PS.O/ADCO 
35 
XTALl 


• 8k x 8 EPROM expandable externally to 
2 
voo 
36 
vss 


64k bytes 
3 
STADe 
37 
vss 


4 
I'WMO 
38 
NC 


• An additional 16-bit timer/counter coupled 
5 
PWm 
39 
P2.0/Aoe 


to four capture registers and three compare 
6 
EW 
40 
P2.1/A09 


registers 
7 
P4.OICMSRO 
41 
P2.21Al0 


8 
P4.1/CM$Rl 
42 
P2.31Al1 


• Two standard 16-bit timer/counters 
9 
P4.2JCM$A2 
43 
P2.4/A12 


• 256 x 8 RAM, expandable externally to 64k 
10 
P4.31CM$R3 
44 
P2.5/A13 
11 
P4.4/CMSR4 
45 
P2.6JA14 


bytes 
12 
P4.51CMSR5 
46 
P2.7/A15 


• Capable of producing eight synchronized, 
13 
P4.61CMTO 
47 
PSEfl 


14 
P4.7/CMTl 
48 
ALEIl'ROG 


timed outputs 
15 
AST 
49 
EJWpp 


• A 1O-bit ADC with eight multiplexed analog 
16 
Pl.D/CTOI 
50 
PO.l/AD? 


inputs 
17 
Pl.lICTlI 
51 
PO.GlAD6 


18 
Pl.21CT21 
52 
PO.51AD5 


• Two 8-bit resolution, pulse width 
19 
Pl.31CT31 
53 
PO.4/AD4 


modulation outputs 
20 
Pl.4fT2 
54 
PO.31AD3 


21 
Pl.5/RT2 
55 
PO.2/AD2 


• Five 8-bit I/O ports plus one 8-bit input port 
22 
Pl.61SCL 
56 
PO.l/ADl 


shared with analog inputs 
23 
Pl.7/SDA 
57 
PO.OIADO 


24 
P3.OIRxD 
58 
AVrel- 


• 
12C-bus serial I/O port with byte oriented 
25 
P3.1fTxD 
59 
AVref+ 


master and slave functions 
26 
P3.2II!'ITO 
60 
AVSS 


• Full-duplex UART compatible with the 
27 
P3.3/I1ilTI 
61 
AVoo 


28 
P3.4rrO 
62 
P5.7/ADC7 


standard 80C51 
29 
P3.srr, 
63 
PS.61ADC6 


• On-chip watchdog timer 
30 
P3.6IWR 
64 
P5.5/ADCS 
31 
P3.7/IID 
65 
PS.4fADC4 


• Three speed ranges: 
32 
NC 
66 
PS.31ADC3 


33 
NC 
67 
P5.2/ADC2 


- 
16MHz 
34 
XTAl2 
68 
P5.1/ADC1 


• Extended temperature ranges 


• OTP package available 
0 


PLASTIC 
QUAD FLAT PACK 
PIN FUNCTIONS 


Pin 
Function 
Pin 
Function 


1 
P4.lICMSR1 
41 
P2.3IA11 


2 
P4.21CMSR2 
42 
P2.4/A12 


3 
NC 
43 
NC 


4 
P4.31CMSR3 
44 
NC 


5 
P4.4/CMSR4 
45 
P2.51A13 


6 
P4.5/CMSR5 
46 
P2.61A14 


7 
P4.61CMTO 
47 
P2.7/A15 


8 
P4.7/CMT1 
48 
I'SEl< 


9 
RST 
49 
ALEIl'ROO 


10 
Pl.OICTOI 
50 
~pp 


11 
Pl.l/CT11 
51 
PO.l/AD? 


12 
Pl.2/CT21 
52 
PO.6JAD6 


13 
Pl.31CT31 
53 
PO.51A05 


14 
Pl.4fT2 
54 
PO.4/A04 


15 
P1.51RT2 
55 
PO.31AD3 


16 
Pl.61SCL 
56 
PO.21AD2 


17 
Pl.7/SDA 
57 
PO.l/AD1 


18 
P3.OIRxD 
58 
PO.ClADO 


19 
P3.1fTxD 
59 
AVref- 


20 
P3.2III'lTO 
60 
AVref+ 


21 
NC 
61 
AVSS 


22 
NC 
62 
NC 


23 
P3.3/I1iITI 
63 
AVDD 


24 
P3.4ITO 
64 
PS.7/ADC7 


25 
P3.5fTl 
65 
P5.61ADC6 


26 
P3.6IWR 
66 
P5.51ADC5 


27 
P3.7/RO 
67 
P5.41ADC4 


28 
NC 
68 
P5.31ADC3 


29 
NC 
69 
P5.2IADC2 


30 
NC 
70 
PS.l/ADCl 


31 
XTAl2 
71 
PS.OIADCO 


32 
XTAl1 
72 
VDD 


33 
IC 
73 
IC 


34 
VSS 
74 
STADe 


35 
VSS 
75 
PW!lll 


36 
VSS 
76 
PWMf 


37 
NC 
77 
EW 


38 
P2.0/AOB 
78 
NC 


39 
P2.1/A09 
79 
NC 


40 
P2.2JA10 
80 
P4.Q!CMSRQ 


NC = not connected 
Ie = internally 
connected 
(do not use) 


Vss 
VDD 


XTALl 
XTAL2 
EJIIVpp 
ALEIl'ROO 
I'SEl< 
..- 


AVSS 
- 
AVOO ----+ 
AVref+ 
_ 


AVref- 
-----. 


STADe 
----. 
PW!lll 
..- 


PWMf 
..- 
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LOW ORDER 


ADDRESS 
AND 


DATA BUS 


PHILIPS 
NORTH AMERICA PHILIPS 
PART ORDER NUMBER 
PART MARKING 
PART ORDER NUMBER 
DRAWING 
TEMPERATURE °C 
FREQ 


ROMless 
ROM 
ROMless 
ROM 
NUMBER 
AND PACKAGE 
MHz 


PCB80C552-5-16WP 
PCB83C552-5WP/xxx 
S80C552-4A68 
S83C552-4A68 
SOT188 
o to +70, Plastic Leaded Chip 
16 
Carrier 


PCB80C552-5-16H 
PCB83C552-5H/xxx 
S80C552-4B 
S83C552-4B 
SOT318 
o to +70, Plastic Quad Flat Pack 
16 


PCF80C552-5-16WP 
PCF83C552-5WP/xxx 
S80C552-5A68 
S83C552-5A68 
SOT188 
-40 to +85, Plastic Leaded Chip 
16 
Carrier 


PCF80C552-5-16H 
PCF83C552-5H/xxx 
S80C552-5B 
S83C552-5B 
SOT318 
-40 to +85, Plastic Quad Flat 
16 
Pack 


PCA80C552-5-16WP 
PCA83C552-5WP/xxx 
S80C552-6A68 
S83C552-6A68 
SOT188 
-40 to +125, Plastic Leaded Chip 
16 
Carrier 


PCA80C552-5-16H 
PCA83C552-5H/xxx 
S80C552-6B 
S83C552-6B 
SOT318 
-40 to +125, Plastic Quad Flat 
16 
Pack 


PCB80C552-5-24WP 
PCB83C552-5WP/xxx 
S80C552-AA68 
S83C552-AA68 
SOT188 
o to +70, Plastic Leaded Chip 
24 
Carrier 


PCB80C552-5-24H 
PCB83C552-5H/xxx 
S80C552-AB 
S83C552-AB 
SOT318 
o to +70, Plastic Quad Flat Pack 
24 


PCF80C552-5-24WP 
PCF83C552-5WP/xxx 
S80C552-BA68 
S83C552-BA68 
SOT188 
-40 to +85, Plastic Leaded Chip 
24 
Carrier 


PCF80C552-5-24H 
PCF83C552-5H/xxx 
S80C552-BB 
S83C552-BB 
SOT318 
-40 to +85, Plastic Quad Flat 
24 
Pack 


PCB80C552-5-30WP 
PCB83C552-5WP/xxx 
S80C552-CA68 
S83C552-CA68 
SOT188 
o to +70, Plastic Leaded Chip 
30 
Carrier 


PCB80C552-5-30H 
PCB83C552-5H/xxx 
S80C552-CB 
S83C552-CB 
SOT318 
o to +70, Plastic Quad Flat Pack 
30 


DRAWING 
TEMPERATURE °C 
FREQ 


EPROM 
NUMBER 
AND PACKAGE 
MHz 


S87C552-4A68 
0398E 
o to +70, Plastic Leaded Chip 
16 
Carrier 


S87C552-4K68 
1473A 
o to +70, Ceramic Leaded Chip 
16 
Carner wlWindow 


S87C552-4B 
S01318 
o to +70, Plastic Quad Flat Pack 
16 


S87C552-5A68 
0398E 
-40 to +85, Plastic Leaded Chip 
16 
Carrier 


S87C552-5K68 
1473A 
-40 to +85, Ceramic Leaded 
16 
Chip Carrier wfWindow 


S87C552-5B 
S01318 
-40 to +85, Plastic Quad Flat 
16 
Pack 
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L 
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SOCs 1 CORE 
L 
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ROMIRAM 
~ 
7' 
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PARALLEL 
I/O 
SERIAL 


POATSAND 
UART 
EXTERNAL 
BUS 
PORT 


PROGRAM 
MEMORV 
Bk x 8 
EPROM 


DATA 
MEMORY 
256 x a RAM 


..; ;- 


I 


T2 


16-BrT 


COMPARA- 


TORS 
WITH 
REGISTERS 


T2 
16·BIT 
TIMERI 
EVENT 


COUNTERS 


FOUR 
a-BIT 
16-BIT 
PORT 
CAPTURE 
LATCHES 


WATJ~DOG 


TlMER 


+--< 


- - -6:J - - - - - - - - - - ~v7ciJ- - 


o ALTERNATE 
FUNCTION 
OF PORT 
0 
[i] ALTERNATE 
FUNCTION 
OF PORT 
1 


IT] ALTERNATE 
FUNCTION 
OF PORT 
2 


[}] 
ALTERNATE 
FUNCTION 
OF PORT 3 


[I] 
ALTERNATE 
FUNCTION 
OF PORT 4 


[}] 
ALTERNATE 
FUNCTION 
OF PORT S 


PIN NO. 


MNEMONIC 
PlCC 
QFP 
TYPE 
NAME AND FUNCTION 


VDD 
2 
72 
I 
Digital Power Supply: 
+5V power supply pin during normal operation, idle and 


power-down mode. 


STADC 
3 
74 
I 
Start ADC Operation: 
Input starting analog to digital conversion (ADC operation can also 


be started by software). 


l'WMO 
4 
75 
0 
Pulse Width Modulation: 
Output O. 


PWm 
5 
76 
0 
Pulse Width Modulation: 
Output 1. 


EW 
6 
77 
I 
Enable Watchdog 
Timer: Enable for T3 watchdog timer and disable power-down mode. 


PO.0-PO.7 
57-50 
58-51 
I/O 
Port 0: Port 0 is an 8-bit open-drain bidirectional 1/0 port. Port 0 pins that have 1s written 
to them float and can be used as high-impedance inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to external program and data memory. In 
this application it uses strong internal pull-ups when emitting 1s. Port 0 is also used to input 
the code byte during programming and to output the code byte during verification. 


P1.0-P1.7 
16-23 
10-17 
1/0 
Port 1: 8-bit 1/0 port. Alternate functions include: 


16-21 
10-15 
1/0 
(P1.0-P1.5): Quasi-bidirectional 
port pins. 
22-23 
16-17 
1/0 
(P1.6, P1.7): Open drain port pins. 


16-19 
10-13 
I 
CTOI-CT31(P1.0-P1.3): Capture timer input signals for timer T2. 


20 
14 
I 
T2 (P1.4): T2 event input. 


21 
15 
I 
RT2 (P1.5): T2 timer reset signal. Rising edge triggered. 


22 
16 
1/0 
SCl (P1.6): Serial port clock line 12C-bus. 
23 
17 
1/0 
SDA (P1.7): Serial port data line 12C-bus. 


. 
Port 1 is also used to input the lower order address byte during EPROM programming and 
verification. AO is on P1.0, etc. 


P2.0-P2.7 
39-46 
38-42, 
1/0 
Port 2: 8-bit quasi-bidirectional 
1/0 port. 


45-47 
Alternate function: High-order address byte for external memory (A08-A 15). Port 2 is also 
used to input the upper order address during EPROM programming and verification. A8 is 
on P2.0, A9 on P2.1, through A12 on P2.4. 


P3.0-P3.7 
24-31 
18-20, 
1/0 
Port 3: 8-bit quasi-bidirectional 
I/O port. Alternate functions include: 


23-27 


24 
18 
RxD(P3.0): Serial input port. 


25 
19 
TxD (P3.1): Serial output port. 
26 
20 
INTO (P3.2): External interrupt. 


27 
23 
!RTf (P3.3): External interrupt. 


28 
24 
TO(P3.4): Timer 0 external input. 


29 
25 
T1 (P3.5): Timer 1 external input. 


30 
26 
WR (P3.6): External data memory write strobe. 


31 
27 
m:> (P3.7): External data memory read strobe. 


P4.0-P4.7 
7-14 
80,1-2 
1/0 
Port 4: 8-bit quasi-bidirectional 
1/0 port. Alternate functions include: 


4-8 


7-12 
80,1-2 
0 
CMSRO-CMSR5 (P4.0-P4.5): Timer T2 compare and seVreset outputs on a match with 


4-6 
timerT2. 


13,14 
7,8 
0 
CMTO, CMT1 (P4.6, P4.7): Timer T2 compare and toggle outputs on a match with timer T2. 


P5.0-P5.7 
68-62, 
71-64, 
I 
Port 5: 8-bit input port. 
1 
ADCO-ADC7 (P5.0-P5.7): Alternate function: Eight input channels to ADC. 


RST 
15 
9 
1/0 
Reset: Input to reset the 87C552. It also provides a reset pulse as output when timer T3 
overflows. 


XTAL1 
35 
32 
I 
Crystal Input 1: Input to the inverting amplifier that forms the oscillator, and input to the 
internal clock generator. Receives the external clock signal when an external oscillator is 
used. 


XTAL2 
34 
31 
0 
Crystal Input 2: Output of the inverting amplifier that forms the oscillator. Left open-circuit 
when an external clock is used. 


Vss 
36,37 
34-36 
I 
Digital ground. 


J5SEl\l 
47 
48 
0 
Program Store Enable: Active-low read strobe to external program memory. 


PIN NO. 


MNEMONIC 
PLCC 
QFP 
TYPE 
NAME AND FUNCTION 


ALEII"liOO 
48 
49 
0 
Address 
Latch Enable: Latches the low byte of the address during accesses to external 
memory. It is activated every six oscillator periods. During an external data memory 
access, one ALE pulse is skipped. ALE can drive up to eight LS TTL inputs and handles 
CMOS inputs without an external pull-up. This pin is also the program pulse input (""ROO) 
during EPROM programming. 


FANpp 
49 
50 
I 
External Access: 
When EA is held at TTL level high, the CPU executes out of the internal 


program ROM provided the program counter is less than 8192. When EA is held at TTL 
low level, the CPU executes out of extemal program memory. EA is not allowed to float. 
This pin also receives the 12.75V programming supply voltage (Vpp) during EPROM 
programming. 


AVREF_ 
58 
59 
I 
Analog to Digital Conversion 
Reference Resistor: 
Low-end. 


AVREF+ 
59 
60 
I 
Analog to Digital Conversion 
Reference Resistor: 
High-end. 


AVss 
60 
61 
I 
Analog Ground 


AVoo 
61 
63 
I 
Analog Power Supply 


NOTE: 
1. To avoid "latch-up· effect at power-on, the voltage on any pin at any time must not be higher or lower than Voo + 0.5V or Vss - 0.5V, 


respectively. 


OSCILLATOR 
CHARACTERISTICS 
XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol. 


To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signai, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 


RESET 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on Voo and RST must 
come up at the same time for a proper 
start-up. 


IDLE MODE 
In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 


remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER-DOWN 
MODE 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. The 
control bits for the reduced power modes are 
in the special function register PCON. Table 1 
shows the state of the I/O ports during low 
current operating modes. 


PROGRAM 
PWMO/ 


MODE 
MEMORY 
ALE 
PSEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 
PORT 4 
PWM1 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 
Data 
High 


Idle 
Extemal 
1 
1 
Float 
Data 
Address 
Data 
Data 
High 


Power-down 
Internal 
a 
a 
Data 
Data 
Data 
Data 
Data 
High 


Power-down 
Extemal 
a 
a 
Float 
Data 
Data 
Data 
Data 
High 


Serial Control Register (51 CON) - See Table 2 


SlCON (08H) 
CR. 
ENS1 STA 
STO 


Bits CRO, CR1 and CR2 determine 
the serial clock frequency 
that is generated 
in the master mode of operation. 


BIT FREQUENCY (kHz) AT fose 


CR2 
CR1 
CRO 
6MHz 
12MHz 
16MHz 
fose DIVIDED BY 


0 
0 
0 
23 
47 
62.5 
256 


0 
0 
1 
27 
54 
71 
224 


0 
1 
0 
31.25 
62.5 
63.3 
192 


0 
1 
1 
37 
75 
100 
160 


1 
0 
0 
6.25 
12.5 
17 
960 
1 
0 
1 
50 
100 
133 
1 
120 


1 
1 
0 
100 
200 
267 
1 
60 
1 
1 
1 
0.25 < 62.5 
0.5 < 62.5 
0.67 < 56 
96 x (256 - (reload value Timer 1)) 
o to 225 
o to 224 
o to 223 
Timer 1 in Mode 2. 


PARAMETER 
RATING 
UNIT 


Storage temperature range 
-65 to +150 
°C 


Voltage on tANpp to Vss 
-0.5 to +13 
V 


Voltage on any other pin to Vss 
. ' 
-{).5 to +6.5 
V 


Input. output DC current on any single 1/0 pin 
5.0 
mA 


Power 
dissipation 
(based 
on 
package 
heat 
transfer 
limitations, 
not 
device 
power 
1.0 
W 


consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 


2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 
3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


SUPPLY VOLTAGE (V) 
FREQUENCY (MHz) 


TYPE 
MIN 
MAX 
MIN 
MAX 
TEMPERATURE 
RANGE (OC) 


P67C552-4 
4.5 
5.5 
3.5 
16 
o to +70 


P67C552-5 
4.5 
5.5 
3.5 
16 
-40 to +65 


DC ELECTRICAL 
CHARACTERISTICS 


vSS, AVss = OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


100 
Supply current operating: 
See notes 1 and 2 


PCA8XC552-5-16 
lose = 16MHz 
40 
mA 


110 
Idle mode: 
See notes 1 and 3 


87C552 
lose = 16MHz 
7 
mA 


Ipo 
Power·down current: 
See notes 1 and 4; 


2V < Vpo < Voo max 


87C552 
50 
~ 


Inputs 


VIL 
Input low voltage, except E7\, P1.6, P1.7 
-{).5 
0.2Voo-{)·1 
V 


VIL1 
Input low voltage to E7\ 
-{).5 
0.2Voo-{)·3 
V 


VIl2 
Inpu1low voltage to P1.61SCL, P1.7/SDAs 
-{).5 
0.3Voo 
V 


VIH 
Inpu1high voltage, except XTAL 1, RST 
0.2Voo+O·9 
Voo+0.5 
V 


VIH1 
Inpu1high voltage, XTAL 1, RST 
, 
O·7Voo 
Voo+0.5 
V 


VIH2 
Input high voltage, P1.61SCL, P1.7/SDAs 
O·7Voo 
6.0 
V 


IlL 
Logical 0 input current, ports 1,2,3,4, 
except P1.6, P1.7 
VIN = 0.45V 
-50 
~ 


'TL 
LogicaI1-to-0 
transition current, ports 1, 2, 3, 4, except P1.6, Pl.7 
See note 6 
-650 
~ 


±11L1 
Input leakage current, port 0, E7\, STADC, EW 
0.45V < VI < Voo 
10 
~ 


±11l2 
Inpu1leakage current, P1.61SCL, P1.7/SDA 
OV <VI<6V 
10 
~ 
OV < Voo < 5.5V 


±11L3 
Inpu1leakage current, port 5 
0.45V < VI < Voo 
1 
~ 


Outputs 


VOL 
Ou1put low voltage, ports 1, 2, 3, 4, except P1.6, P1.7 
'OL = 1.6mA7 
0.45 
V 


VOL1 
~VJMlt low voltage, port 0, ALE, J5SEN, 'PWIi.m, 
IOL= 3.2mA7 
0.45 
V 


VOl2 
Outputlowvoltage, 
P1.6/SCL, P1.7/SDA 
IOL= 3.0mA7 
0.4 
V 


VOH 
Ou1put high voltage, ports 1,2,3,4, 
except P1.6/SCL, P1.7/SDA 


-IOH=60~ 
2.4 
V 


-IOH=25~ 
0.75Voo 
V 


-IOH=10~ 
0.9Voo 
V 


VOH1 
Ou1pu1~W'MO'~~J~ort 
0 in extemal bus mode, ALE, 


J5SEN, 
, 
)8 
-IOH= 4OOl'A 
2.4 
V 


-IOH = 15Ol'A 
0.75Voo 
V 
-IOH = 4Ol'A 
0.9Voo 
V 


VOH2 
Output high voltage (RST) 
-IOH = 4OOl'A 
2.4 
V 


-IOH= 120~ 
0.8Voo 
V 


RRST 
Internal reset pull-down resistor 
50 
150 
ill 


CIO 
Pin capacitance 
Test Ireq = 1MHz, 
10 
pF 


Tamb= 25°C 


Analog Inputs 


AVoo 
Analog supply voltage: 


87C5529 
AVoo = Voo±O.2V 
4.5 
5.5 
V 


A100 
Analog supply current: operating: 
Port 5 = 0 to AVoo 
1.2 
mA 


AIIO 
Idle mode: 


87C552 
50 
~ 


Alpo 
Power-down mode: 
2V < AVpo < AVoo max 
87C552 
50 
~ 


TEST 
UMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
I 
MAX 
I 
UNIT 


Analog Inputs (Continued) 


AVIN 
Analog input voltage 
AVss-o·2 
AVoo+0.2 
V 


AVREF 
Reference voltage: 


AVREF- 
AVsS-O·2 
V 


AVREF+ 
AVoo+0.2 
V 


RREF 
Resistance between AVREF+and AVREF 
10 
50 
kn 


CIA 
Analog input capacitance 
15 
pF 


tAOS 
Sampling time 
Bley 
~s 


tAOC 
Conversion time (including sampling time) 
5°ley 
~s 


DL. 
Differential non-linearity10, 11.12 
±1 
LSB 


IL. 
Integral non-linearity 10,13 
±2 
LSB 


OS. 
Offset error10, 14 
±2 
LSB 


G. 
Gain error10, 15 
. 
> 
-, 
±O.4 
% 


Ae 
Absolute voltage error10, 16 
..•. 
±3 
LSB 


MCTC 
Channel to channel matching 
I 
±1 
LSB 


C, 
Crosstalk between inputs of port 517 
0-100kHz 
-60 
dB 


NOTES FOR DC ELECTRICAL CHARACTERISTICS: 
1. See Figures 10 through 15 for 100test conditions. 
2. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with tf = tf = 10ns; VIL = Vss + 0.5V; 


VIH= Voo - 0.5V; XTAL2 not connected; EA = RST = Port 0 = EW = Voo; STADC = Vss- 
3. The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with tf = tf = 10ns; VIL = Vss + 0.5V; 
VIH= Voo - 0.5V; XTAL2 not connected; Port 0 = EW = Voo; EA = RST = STADC = Vss. 


4. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = EW = Voo; 


EA = RST = STADC = XTAL 1 = Vss. 
5. The input threshold voltage of P1.6 and P1.7 (SI01) meets the 12Cspecification, so an input voltage below 1.5V will be recognized as a logic 
o while an input voltage above 3.0V will be recognized as a logic 1. 
6. 
Pins of ports 1 (except P1.6, P1.7), 2, 3, and 4 source a transition current when they are being externally driven from 1 to O.The transition 
current reaches its maximum value when VIN is approximately 2V. 


7. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLSof ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE pin may exceed O.BV.In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 
B. Capacitive loading on ports 0 and 2 may cause the VOHon ALE and f'SEN to momentarily fall below the 0.9Voo specification when the 
address bits are stabilizing. 


9. The following condition must not be exceeded: Voo - 0.2V < AVoo < Voo + 0.2V. 
10. Conditions: AVREF-= OV;AVoo = 5.OV. Measurement by continuous conversion of AVIN= -20mV to 5.12V in steps of 0.5mV, derivating 


parameters from collected conversion results of ADC. AVREF+(B7C552) = 4.977V. ADC is monotonic with no missing codes. 


11.The differential non-linearity (DL.) is the difference between the actual step width and the ideal step width. (See Figure 1.) 
12.The ADC is monotonic; there are no missing codes. 
13.The integral non-linearity (IL.) is the peak difference between the center of the steps of the actual and the ideal transfer curve after 


appropriate adjustment of gain and offset error. (See Figure 1.) 
14.The offset error (OS.) is the absolute difference between the straight line which fits the actual transfer curve (after removing gain error), and 


a straight line which fits the ideal transfer curve. (See Figure 1.) 


15.The gain error (G.) is the relative difference in percent between the straight line fitting the actual transfer curve (after removing offset error), 


and the straight line which fits the ideal transfer curve. Gain error is constant at every point on the transfer curve. (See Figure 1.) 
16.The absolute voltage error (A.) is the maximum difference between the center of the steps of the actual transfer curve of the non-calibrated 


ADC and the ideal transfer curve. 


17.This should be considered when both analog and digital signals are simuitaneously input to port 5. 


u 


1018 
1019 
1020 
1021 
1022 
1023 
1024 


AVIN 
(lSBjdeat) - 


{1 LSS: AVREF+ - AVREFl 


1024 


(1) 
Example 
of an actual 
transfer 
curve. 


(2) 
The ideal transfer 
curve. 


(3) 
Differential 
non-linearity 
(Ole). 


(4) 
Integral 
non-linearity 
(ILe). 


(5) 
Center 
of a step of the actuallransler 
curve. 


12MHzCLOCK 
16MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
UNIT 


1ltcLCL 
2 
Oscillator frequency 
3.5 
16 
MHz 


It.HLL 
2 
ALE pulse width 
127 
85 
21cLcL-40 
ns 


tAVLL 
2 
Address valid to ALE low 
28 
8 
IcLCL-55 
ns 


It.LAX 
2 
Address hold after ALE low 
48 
28 
IcLCL-35 
ns 


It.LIV 
2 
ALE low to valid instruction in 
234 
150 
4lcLCL-100 
ns 


!t.LPL 
2 
ALE low to PSrn low 
43 
23 
IcLCL-40 
ns 


tPLPH 
2 
PSrn pulse width 
205 
143 
3lcLCL-45 
ns 


IpLiv 
2 
PSrn low to valid instruction in 
- 
145 
83 
3lcLCL-105 
ns 


tPXIX 
2 
Input instruction hold after PSrn 
0 
0 
0 
ns 


IpXIZ 
2 
Input instruction float after PSrn 
59 
38 
IcLCL-25 
ns 


tAVIV 
2 
Address to valid instruction in 
312 
208 
5lcLCL-105 
ns 


tpLAZ 
2 
PSrn low to address float 
10 
10 
10 
ns 


Data Memory 


tAVLL 
3,4 
Address valid to ALE low 
43 
23 
IcLCL-40 
ns 


IRLRH 
3 
1m pulse width 
400 
275 
6lcLCL-1oo 
ns 


tWLWH 
.3 
WR pulse width 
400 
275 
6lcLCL-1oo 
ns 


IRLDv 
3 
1m low to valid data in 
252 
148 
5lcLCL-165 
ns 


IRHDx 
3 
Data hold after 1m 
0 
0 
0 
ns 


IRHDz 
3 
Data float after 1m 
97 
55 
21cLcL-70 
ns 


!t.LDV 
3 
ALE low to valid data in 
517 
350 
8lcLCL-150 
ns 


tAVDV 
3 
Address to valid data in 
585 
398 
9teLCL-l65 
ns 


It.LWL 
3,4 
ALE low to 1m or WR low 
200 
300 
138 
238 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
3,4 
Address valid to WR low or 1m low 
203 
120 
4lcLCL-130 
ns 


tavwx 
4 
Data valid to WR transition 
23 
3 
IcLCL-60 
ns 


tDW 
4 
Data before WR 
433 
288 
7lcLCL-150 
ns 


tWHQX 
4 
Data hold after WR 
33 
13 
IcLCL-50 
ns 


tRLAZ 
4 
1m low to address float 
0 
0 
0 
ns 


tWHLH 
3,4 
1m or WR high to ALE high 
43 
123 
23 
103 
IcLCL-40 
IcLCL+40 
ns 


Extarnal Clock 


IcHCX 
5 
Hightime3 
20 
20 
20 
ns 


IcLCX 
5 
Lowtime3 
20 
20 
20 
ns 


IcLCH 
5 
Risetime3 
20 
20 
20 
ns 


IcHCL 
5 
Falltime3 
20 
20 
20 
ns 


Serial Timing - Shift Register 
Mode4 (Test Conditions: Tamb = O°Cto +70°C; V55 = OV; Load Capaciatnce = 80pF) 


tXLXL 
6 
Serial port clock cycle time 
1.0 
0.75 
121cLCL 
I1S 


tavXH 
6 
Output data setup to clock rising edge 
700 
492 
10lcLCL-133 
ns 


tXHQX 
6 
Output data hold after clock rising edge 
50 
8 
21cLCL-117 
ns 


tXHDX 
6 
Input data hold after clock rising edge 
0 
0 
0 
ns 


tXHDV 
6 
Clock rising edge to input data valid 
700 
492 
1OteLCL-l33 
ns 
NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and PSrn = 1oopF, load capacitance for all other outputs = 80pF. 
3. IcLCL = l/fosc 
= one oscillator clock period. 


IcLCL = 83.3ns at fosc = 12MHz. 
IcLCL = 62.5ns atfOsc = 16MHz. 


4. These values are characterized but not 100% production tested. 


SYMBOL 
PARAMETER 
INPUT 
OUTPUT 


12CInterface 
(Refer to Figure 9)5 


tHo;STA 
START condition hold time 
~ 14 lclCl 
> 4.01's 1 


!Low 
SCLlowtime 
~ 16 lclCl 
> 4.71'S 1 


!HIGH 
SCL high time 
~ 14 lclCl 
>4.0I'S 1 


tAC 
SCL rise time 
- 
~ 11'S 
_2 


tFC 
SCLfalltime 
~0.3I's 
< 0.31's 3 


tsu; DAT1 
Data set-up time 
~ 250ns 
> 20 tClCl - tAO 


tsu; DAT2 
SDA set-up time (before rep. START cond.) 
~ 250ns 
> 11'S1 


tsu; DAT3 
SDA set-up time (before STOP cond.) 
~ 250ns 
> 8 tClCl 


!Ho; DAT 
Data hold time 
~ Ons 
> 8 lclCl 
- tFC 


tsu; STA 
Repeated START set-up time 
~ 14lclCl 
> 4.71'S 1 


tsu; STO 
STOP condition set-up time 
~ 14 lclCl 
> 4.01'S 1 


!aUF 
Bus free time 
~ 14 lclCl 
> 4.71'S 1 


tAO 
SDA rise time 
~ 11'S 
_2 


tFD 
SDA fall time 
~0.3I's 
< 0.31's 3 


NOTES: 
1. At 100 kbitls. At other bit rates this value is inversely proportional to the bit-rate of 100 kbitls. 
2. 
Determined by the external bus-line capacitance and the external bus-line pull-resistor, this must be < 11's. 
3. 
Spikes on the SDA and SCL lines with a duration of less than 3 tClCl will be filtered out. Maximum capacitance on bus-lines SDA and 
SCL = 400pF. 


4. lclCl 
= 1/fosc = one oscillator clock period at pin XTAL 1. For 62ns (42s) < lclCl 
< 285ns (16MHz (24Hz) > fosc > 3.5MHz) the SI01 
interface meets the 12C-busspecification for bit-rates up to 100 kbitls. 


5. These values are guaranteed but not 100% production tested. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
Q - 
Output data 
first character is always 't' (; time). The other 
R - 
RlJ signal 


characters, depending on their positions, 
t 
- 
Time 
indicate the name of a signal or the logical 
V - 
Valid 
status of that signal. The designations are: 
W - 
WR signal 
A - 
Address 
X - 
No longer a valid logic level 


C - 
Clock 
Z - 
Float 
D - 
Input data 
Examples: 


H - 
Logic level high 


I 
- 
Instruction (program memory contents) 


L - 
Logic level low, or ALE 
p-~ 


tAVLL; Time for address valid to 
ALE low. 


tLLPL; Time for ALE low to 
~Iow. 


r-IXLXL -1 


INPUT 
DATA 
'-----t' 


CLEAA 
AI 


2'4V=X2'OV~ 
. 
~2.0V>C 
Test POints 


0.8V....- 
-... 
0.8V 


0.45V 
~-------- 


NOTE, 
AC inputs during 
testing 
are driven 
at2.4V 
lor a logic '1' and 0,45V 
lor a logic '0'. 


Timing 
measurements 
are made 
at2.0V 
lor a logic '1' and 0.8V for a logic '0'. 


NOTE, 
The lloat state is defined 
as the point at which 
a port 0 pin sinks 3.2mA 
or 


sources 
400IlA 
at the voltage 
test levels. 


(1) 
Maximum 
operating 
mode; 
VDD 
= 6V 


(2) 
Maximum 
operating 
mode; 
VDD 
= 4V 


(3) 
Maximum 
idle mode; 
VOO = 6V 


(4) 
Maximum 
idle mode; 
VOO = 4V 


AVss 


AVref- 


Figure 11. 100Test Condition, 
Active Mode 


All other pins are disconnected' 
Figure 12. 100Test Condition, 
Idle Mode 


All other pins are dlsconnected2 


VO~·5 
- - - - 
O.7Voo 


O.5V 
O.2VO~.1 


lcHCL- 


P1.6 
Pl.] 


RST 


STADe 


Figure 13. Clock Signal Waveform for 100Tests In Ac1lve 


and Idle Modes 


lcLCH = lcHCL = 5ns 
Figure 14. 100Test Condition, 
Power Down Mode 


All other pins are dlsconnec1ed. 
Yoo = 2Y to 5.5y3 


NOTES: 
1. Active Mode: 
a. The following pins must be forced to Voo: E/l;, RST, Port 0, and EW. 
b. The following pins must be forced to Vss: 
STADC, AV•• , and AV,el-' 


c. 
Ports 1.6 and 1.7 should be connected to Voo through resistors of sufficientiy high value such that the sink current into these pins cannot 
exceed the IOL 1 spec of these pins. 


d. The following pins must be disconnected: 
XTAL2 and all pins not specified above. 
2. 
Idle Mode: 
a. The following pins must be forced to Voo: 
Port 0 and EW. 
b. The following pins must be forced to Vss: 
RST, STADC, AV•• " AVref_,and E/l;. 


c. 
Ports 1.6 and 1.7 should be connected to Voo through resistors of sufflCientiy high value such that the sink current into these pins cannot 
exceed the IOL1 spec of these pins. These pins must not have logic 0 written to them prior to this measurement. 


d. The following pins must be disconnected: 
XTAL2 and all pins not specified above. 


3. 
Power Down Mode: 
a. The following pins must be forced to Voo: 
Port 0 and EW. 
b. The following pins must be forced to Vss: 
RST, STADC, XTAL1, AV•• " AV,ef_,and E/l;. 
c. 
Ports 1.6 and 1.7 should be connected to Voo through resistors of sufficientiy high value such that the sink current into these pins cannot 
exceed the IOL 1 spec of these pins. These pins must not have logic 0 written to them prior to this measurement. 


d. The following pins must be disconnected: 
XTAL2 and all pins not specified above. 


EPROM CHARACTERISTICS 
The 87C552 is programmed by using a 
modified Quick-Pulse Programming'" 
algorithm. it differs from older methods in the 
vaiue used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEIF'ROO pulses. 


The 87C552 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C552 manufactured by Philips. 


Table 3 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the lock bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 15 and 16. Figure 17 shows 
the circuit configuration for normal program 
memory verification. 


Quick-Pulse 
Programming 


The setup for microcontroller quick-pulse 
programming is shown in Figure 15. Note that 
the 87C552 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 


The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 15. The code byte to be 
programmed into that location is applied to 
port O. RST, J5SEIl, and pins of ports 2 and 3 
specified in Table 3 are held at the "Program 
Code Data" levels indicated in Table 3. The 
ALEIF'ROO is pulsed low 25 times as shown 
in Figure 16. 


To program the encryption table, repeat the 
25-pulse programming sequence for 


addresses 0 through 1FH, using the "Pgm 
Encryption Table" levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 


To program the lock bits, repeat the 25-pulse 
programming sequence using the "Pgm Lock 
Bit" levels. After one lock bit is programmed, 
further programming of the code memory and 
encryption table is disabled. However, the 
other lock bit can still be programmed. 


Note that the FJi\Npp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 


Program 
Verification 
If lock bit 2 has not been programmed, the 
on-chip program memory can be read out for 
program verification. The address of the 
program memory locations to be red is 
applied to ports 1 and 2 as shown in 
Figure 17. The other pins are held althe 
"Verify Code Data" levels indicated in Table 3. 
The contents of the address location will be 
emitted on port O. External pull-ups are 
required on port 0 for this operation. 


If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 


The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 


(030H) = 15H indicates manufactured by 
Philips Components 
(031H) = 94H indicates 87C552 


ProgramNerify 
Algorithms 


Any algorithm in agreement with the 
conditions listed in Table 3, and which 
satisfies the timing specifications, is suitable. 


Erasure 
Characteristics 


Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to the 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary 
effects, 
it 


is recommended 
that an opaque label be 
placed over the window. 
For elevated 


temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-sec/cm2. Exposing the EPROM to an 
ultraviolet lamp of 12,000I'W/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. Erasure leaves the 
array in an all 1s state. 


MODE 
RST 
PSE'N 
ALEIPROG 
EA!Vpp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program code data 
1 
0 
O' 
Vpp 
1 
0 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 


Pgm encryption table 
1 
0 
O· 
Vpp 
1 
0 
1 
0 


pgm lock bit 1 
1 
0 
O' 
Vpp 
1 
1 
1 
1 


Pgm lock bit 2 
1 
0 
O· 
Vpp 
1 
1 
0 
0 
NOTES: 
1. 0 = Valid low for that pin; 1 = valid high for that pin. 
2. Vpp = 12.75V ±0.25V. 
3. Voo = 5V ±10% during programming and verification. 
ALEIF'ROO receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 1001's (±10l's) and high for a 
minimum of 10l's. 


Voo 


PI 
PO 


RST 
~PP 


P3,6 
ALEJI'IlOG 


P3,7 
87C552 
I'SEI'I 


XTAL2 
P2.7 


P2,6 


XTALl 
P2,o-P2,4 


VSS 


1 1--------------25PULSES 
-------------- 


~ 
1 
10j1sMIN --1 
1--------1OD,JS±10 ----~·I 


o 1 
n 
~f"L- 


Voo 


AD-A7 
PI 
PO 
PGMOATA 


RST 
~PP 


P3.6 
ALEJI'IlOG 


P3,7 
87C552 
I'SEI'I 


XTAL2 
P2,7 
oEmlllLE 


P2,6 


XTALl 
P2,o-P2,4 
A8-A12 


VSS 
- 


Figure 17. Program Verification 


EPROM PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tomb = 21°C to +27°C, VOO = 5V±10%, 
VSS = OV 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply current 
50 
mA 


1ltcLCL 
Oscillator 
frequency 
4 
6 
MHz 


tAVGL 
Address 
setup to P'ROO low 
48teLCL 


lGHAX 
Address 
hold after P'ROO 
48teLCL 


tOVGL 
Data setup to P'ROO low 
48teLCL 


lGHOX 
Data hold after P'ROO 
48teLCL 


tEHSH 
P2.7 (EJiIAS[E) high to Vpp 
48teLCL 


tSHGL 
Vpp setup to P'ROO low 
10 
Ils 


lGHSL 
Vpp hold after P'ROO 
10 
Ils 


lGLGH 
P'ROOwidth 
90 
110 
Ils 


tAVQV 
Address 
to data valid 
48teLCL 


tELQZ 
EJiIAS[E low to data valid 
48teLCL 


tEHQZ 
Data float after EJiIAS[E 
0 
48teLCL 


lGHGL 
P'ROO high to P'ROO low 
10 
I!S 


Purchase 
of Philips' 
12C components 
conveys 
a license under the 
Philips' 
12C patent to use the components 
in the 12C-system 
provided 
the system conforms 
to the 12C specifications 
defined 
by Philips. 


GENERAL 
DESCRIPTION 
The 80CE558/83CE558/89CE558 
(hereafter 
generically referred to as 8XCE558) 
Single-Chip 8-Bit Microcontroller is 
manufactured in an advanced CMOS 
process and is a derivative of the 80C51 
microcontroller family. The 8XCE558 has the 
same instruction set as the 80C51. Three 
versions of the derivative exist: 


• 
83CE558 - 
32k bytes mask 
programmable ROM 


• 
80CE558 - 
ROMless version of the 
83CE558 


• 
89CE558 - 
32k bytes FEEPROM 


The 8XCE558 contains a non-volatile 32k x 8 
read-only program memory (83CE558) or 
FEEPROM (89CE558), a volatile 1024 X 8 
read/write data memory, five 8-bit i/O ports, 
one 8·bit input port, two 16-bit timer/event 
counters (identical to the timers of the 
80C51), an additional 16-bit timer coupled to 
capture and compare latches, a 15-source, 
two-prlority- level, nested interrupt structure, 
an 8-input ADC, a dual DAC puise width 
modulated interface, two serial interfaces 


(UART and 12C-bus), a "watchdog" timer and 
on-chip oscillator and timing circuits. For 
systems that require extra capability, the 
8XCE558 can be expanded using standard 
TTl compatible memories and logic. 


In addition, the 8XCE558 has two software 
selectable modes of power reduction - 
idle 
mode and power-down mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial ports, and interrupt system to 
continue functioning. The power-down mode 
saves the RAM contents but freezes the 
oscillator, causing all other chip functions to 
be inoperative. 


The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-byte, 45 two-byte, and 17 
three-byte. With a 16 MHz system clock, 58% 
of the instructions are executed in 0.75f.lS 


and 40% in 1.5f.lS. Multiply and divide 


instructions require 3f.lS. 


• 
32k X 8 ROM resp. FEEPROM 
expandable externally to 64k bytes 


• 
ROM/FEEPROM Code protection 


• 
1024 X 8 RAM, expandable extemally to 
64k bytes 


• 
An additional 16-bit timer/counter coupled 
to four capture registers and three 
compare 
registers 


• 
A 1O-bit ADC with eight multiplexed 
analog inputs and programmable 
autoscan 


• 
Two 8-bit resolution, pulse width 
modulation outputs 


• 
Five 8-bit 110 ports plus one 8-bit input 
port shared with analog inputs 


• 
12C-bus serial I/O port with byte oriented 
master and slave functions 


• 
Full-duplex UART compatible with the 
standard 80C51 


• 
On-chip watchdog timer 


• 
15 interrupt sources with 2 priority levels 
(2 to 6 external sources possible) 


• 
Extended temperature range (-40 to 


+85 
0C) 


• 
4.5 to 5.5V supply voltage range 


• 
Frequency range for 80C51 standard 
oscillator: 
3.5 MHz to 16 MHz 


• 
Pll 
oscillator with 32 kHz reference and 
software-selectable system clock 
frequency1 


• 
Software enabie/disable of ALE output 
pulse 


• 
Electromagnetic compatibility 
improvements 


• 
Wake-up from Power-down by external or 
seconds interrupt 


ROMless 
ROM 
EPROM 
TEMPERATURE RANGE °C 
FREQUENCY 
DRAWING 


AND PACKAGE 
MHz 
NUMBER 


80CE558EBB 
83CE558EBB 
89CE558EBB 
o to +70, 80-Pin Plastic Quad Flat Pack 
3.5 to 16 
SOT318 


80CE558EFB 
83CE558EFB 
89CE558EFB 
-40 to +85, 80-Pin Plastic Quad Flat Pack 
3.5 to 16 
SOT318 


Im1J 
IRTf 
I'WMll PWMl 
AVSS 
AVREF 
ADCD-7 
SDA 
SCL 


[TI ~ 
Vl~ 
T 
b~ 


SELXTALl 
- 
- 
- 
- 


XTAL3 


XTAiL~ 
~ 


TO, T1 
TWO 
16-BIT 


TIMER/EVENT 
COUNTERS 


DATA 
MEMORY 
256 x 8 RAM 


I'C 
SERIAL 
VO 


T2 
T2 


t&-SIT 
16 
16-BIT 
COMPARA· 
T3 
PLL 


TIMER! 
COMPARA- 
TOR 
WATCH· 
oscillator 


EVENT 
TORS 
OUTPUT 
DOG 
+ 


COUNT- 
WITH 
SELECTIO 
TIMER 
"se- 


ERS 
REGISTERS 
conds" 
timer 


- - -1 
cD -CD - - - OJ- - - - -f- - - - - 
[!] 


RSTIN 
CMSRD-CMSR1.STOU~ 
CMTO,CMT1 


m ALTERNATE 
FUNCTION 
OF PORT 
0 


OJ ALTERNATE 
FUNCTION 
OF 
PORT 
1 


[TI ALTERNATE 
FUNCTION 
OF 
PORT 
2 


[TI 
ALTERNATE 
FUNCTION 
OF PORT 
3 


[!] 
ALTERNATE 
FUNCTION 
OF PORT 
4 


[I] ALTERNATE 
FUNCTION 
OF PORT 
5 


m 
not present 
In 80CE558 
m only present 
In 89CE558 


XTAL1 


XTAl2n 


ALEJ'WE* 


PSEIl +- 


AVss 
---+ 


AVoo 
---+ 


AVref+ 
---+ 


AVref- 
---+ 


ADEXS 
_ 


l'WMO +- 
PWMl +- 


seL 
SDA 


t 


o- 
1_ 
ADCG-7 
2 ---+ 


I 
3_ 
4 
PORT 
5 
4---+ 
5_ 
6 
_ 


_7_ 


t 


o- 
CMSRo-S 
1 .-....2_ 
L 
3_ 


PORT 
4 
4 •.......•.5_ 


CMTO+- 
6 •.......•. 


CMT1+- 
7 ••.......• 


RSTIN 
RSTDllT 
EW 
_ 


XTAL3 
XTAU 
SELXTAL1 


g~J 
PORTO 
_._5_6_7 


E~t 
PORT1 
_5_6 
_7_ 


:=:~l 
-2 
_ 
3-. 
_5_6 
_7_ 
g~JP:3 
-.-5 
-6-7 


_Or 
-, 
•..........• 2 
LOW 
ORDER 


.•--.. 
3 
ADDRESS 
AND 
•..........• 4 
DATA BUS 


.•---... 5 
AOo-7 


.•_6 
"_7 
+- 
CTOVlNT2 


<C-- 
CT1 VlNT3 


<C-- 
CT2V1NT4 


<C--- 
CT3V1NTS 


- 
T2 


"C- 
RT2 
-~ 
-- 
---Ii> 
HIGH ORDER 
PORT 
2 ---+ 
ADDRESS 
AND 
DATA BUS 
---+ 
A8-fS 
-- 
RXD/DATA 


TXD/CLOCK 
+-lIlTIJ 
+-fIiITf 
+-TO 
+-T' 
_WR 
_1lO 


PINNING 
DIAGRAM 


Pin 
Function 
Pin 
Function 


1 
AVref- 
42 
P3.1fTXD/CLOCK 


2 
AVref+ 
43 
P3.2/llIITO 


3 
AVSS1 
44 
P3.3111'1T1 


4 
AVDDl 
45 
P3.4fTO 


5 
P5.7/ADC7 
46 
P3.5fT1 


6 
P5.6/ADC6 
47 
P3.6JWR 


7 
P5.5/ADC5 
48 
P3.7fFl1j 


8 
P5.4/ADC4 
49 
NC 


9 
P5.31ADC3 
50 
NC 


10 
P5.21ADC2 
51 
XTAL2 


11 
P5.1/ADC1 
52 
XTAL1 


12 
P5.0/ADCO 
53 
VDD3 
13 
VSS1 
54 
VSS3 


14 
VDD1 
55 
P2.0/A8 


15 
ADEXS 
56 
P2.1/A9 


16 
PWfiim 
57 
P2.21A10 


17 
J5WMT 
58 
P2.3/A11 


18 
EW 
59 
P2A/A12 


19 
P4.0/CMSRO 
60 
P2.5/A13 


20 
P4.1/CMSR1 
61 
P2.6/A14 


21 
P4.21CMSR2 
62 
P2.7/A15 


22 
P4.31CMSR3 
63 
I"SE'J 


23 
RSTOUT 
64 
ALEJWE' 


24 
P4A/CMSR4 
65 
EA 


25 
P4.5/CMSR5 
66 
VDD4 
26 
P4.6/CMTO 
67 
VSS4 
27 
P4.7/CMT1 
68 
PO.7/AD7 


28 
VDD2 
69 
PO.61AD6 


29 
VSS2 
70 
PO.5/AD5 


30 
RSTIN 
71 
POA/AD4 


31 
P1.0/CTOI/INT2 
72 
PO.31AD3 


32 
P1.1/CT111INT3 
73 
PO.21AD2 


33 
P1.21CT21/INT4 
74 
PO.1/AD1 
34 
P1.31CT31/INT5 
75 
PO.O/ADO 
35 
P1AfT2 
76 
AVDD2 
36 
P1.5/RT2 
77 
AVSS2 
37 
P1.6 
78 
XTAL3 


38 
P1.7 
79 
XTAL4 


39 
SCL 
80 
SELXTAL1 


40 
SDA 


41 
P3.0/RXD/DATA 


• 
only 
89CE558 
with 
altemative 
function 


SYMBOL 
PIN 
DESCRIPTION 


AVrer 
1 
Low end of analog to digital conversion reference resistor 


AVref+ 
2 
High end of analog to digital conversion reference resistor. 


AVss1 
3 
Analog ground for ADC 
AVDDl 
4 
Analog power supply (+5V) for ADC 


AVSS2 
77 
Analog ground; for PLl oscillator 


AVDD2 
76 
Analog power supply; (+ 5V) for Pll 
oscillator 


Port 5 
P5.7- 
5- 
8-bit input port 
P5.0 
12 
Port pin 
Alternative function 


P5.0-P5.7 
Eight input channels to ADC (ADCO-ADC7) 


VDDl-4 
Digital power supply: +5V power supply pins during normal operation and power reduction modes. 
All pins must be connected. 


VSSl-4 
Digital ground: 
circuit ground potential. All pins must be connected. 


VDDl 
14 
Digital power supply 


VSSl 
13 


VDD2 
28 
Digital 
power supply 


VSS2 
29 


VDD3 
53 
Digital power supply 


VSS3 
54 


VDD4 
66 
Digital power supply 


VSS4 
67 


ADEXS 
15 
Start ADC operation: 
Input starting analog to digital conversion triggered by a programmable edge 
(ADC operation can also be started by software). This pin must not float 


PWIVlO 
16 
Pulse width modulation 
output 0 


PWm 
17 
Pulse width modulation 
output 1 


EW 
18 
Enable 
watchdog 
timer: 
Enable for T3 watchdog timer and disable Power-down mode. This pin 
must not float. 


Port 4 
P4.0 - P4.7 
19-22 
8-bit quasi-bidirectional 
1/0 port 


24 - 27 
Port pin Alternative function 


P4.0 
CMSRO} 
P4.1 
CMSR1 } 
P4.2 
CMSR2 } Timer T2: 
compare and set/reset 


P4.3 
CMSR3} 
outputs on a match with timer T2 
P4.4 
CMSR4} 
P4.5 
CMSR5} 
P4.6 
CMTO 
} TimerT2: 
compare and toggle outputs 
P4.7 
CMT1 
} 
on a match 
with timer T2 


RSTIN 
30 
Reset: 
Input to reset the 8xCE558. 


RSTOUT 
23 
Reset: Output of the 8xCE558 for resetting peripheral devices during initialization and Watchdog Tim- 
er overflow. 


P1.0-P1.7 
31 -38 
Port 1 
8-bit quasi-bidirectional 
1/0 port 


Port pin Alternative function 
P1.0 
CTOI/INT2} 
P1.1 
CT11/1NT3}: 
Capture timer inputs for 


P1.2 
CT21/1NT4} 
timer T2 or external interrupt inputs 
P1.3 
CT31/1NT5} 
P1.4 
T2 
:T2 
event input, rising edge triggered 


P1.5 
RT2 
:T2 
timer reset input, rising edge triggered 
P1.6 
P1.7 


SCl 
39 
12C-bus serial clock 
1/0 port 


SYMBOL 
PIN 
DESCRIPTION 


SDA 
40 
12C-bus serial data 1/0 port 
If SCL and SDA are not connected to 12e-buslines, their input levels should be defined otherwise (e.g. 
by a pUll-up resistor to Voo) in order to prevent these port input stages from floating, which could affect 
the total power consumption. Especially during Power-{jown Mode extra power consumption by float- 
ing inputs is an adverse effect. 


P3.0 - P3.7 
41-48 
8-bit quasi-bidirectional 
1/0 port 
Port pin Alternative function 
P3.0 
RXD 
Serial input port 
P3.1 
TXD 
Serial output port 
P3.2 
INTO 
: 
External interrupt 
P3.3 
mT 
: 
External interrupt 
P3.4 
TO 
: 
Timer a external input 
P3.5 
T1 
: 
Timer 1 external input 
P3.6 
WR 
External data memory write strobe 


P3.7 
1m 
External data memory read strobe 


XTAL2 
51 
Crystal pin 2: output of the inverting amplifierthatforms 
the oscillator. Left open-drcuit 
when an exter- 
nal oscillator clock is used. 


XTAL1 
52 
Crystal pin 1: input to the inverting amplifier that forms the oscillator, and input to the internal clock 
generator. Receives the external oscillator clock signal when an external oscillator is used. Must be 
connected to logic HIGH if the PLL oscillator is selected (SELXTAL 1 = LOW) 


P2.0 - P2.7 
55 - 62 
Port2: 8-bit quasi-bidirectional 
1/0 port with internal pull-ups. During access to external memories 


(RAM/ROM) that use 16-bit addresses (MOVX@DPTR) Port 2 emits the high order address byte. 
The alternative function of P2.7 for the 89CE558 is the output enable signal for verifylread modes (ac- 
tivelow). 
Port 2 can sink/source one TIL (=4 LSTIL) input. It can drive CMOS inputs without external pull-ups. 


JSSm 
63 
Program Store Enable output: 
read strobe to the external program memory via Port a and 2. Is acti- 
vated twice each machine cycle during fetches from external program memory. When executing out 
of external program memory two activations of JSSm are skipped during each access to external data 
memory. JSSm is not activated (remains HIGH) during no fetches from external program memory. 
JSSm can sink/source 8 LSTIL inputs. It can drive CMOS inputs without external pull-ups. 


ALEIWE 
64 
Address Latch Enable output: latches the low byte of the address during access of external memory 
in normal operation. It is activated every six oscillator periods except during an external data memory 
access. ALEIWE can sink/-source 
8 LSTIL inputs. 
It can drive CMOS inputs without an external pull-up. 
The alternative function for the 89CE558 is the programming pulse input WE. 


To prohibit the toggling of ALE pin (RFI noise reduction) the bit RFI in the PCON Register (PCON.5) 
must be set by software. This bit is cleared on RESET and can be set and cleared by software. When 
set, ALE pin will be pulled down internally, switching an extemal address latch to a quiet state. The 
MOVX instruction will still toggle ALE as a normal MOVX. 
ALE will retain its normal high value during Idle mode and a low value during Power-{jown 
mode while 


in the "RFI" mode. Additionally during internal access (Ei!\ = 1) ALE will toggle normally when the ad- 
dress exceeds the internal program memory size. During external access (Ei!\ = 0) ALE will always 
toggle normally, whether the flag "RFI" is set or not. 


"EA 
65 
External Access Input: When, during RESET, "EAis held at a TIL HIGH level the CPU executes out 
of the internal program memory, provided the program counter is less than 32768. When "EAis held 
at a TIL low level during RESET, the CPU executes out of external program memory via Port a and 
Port 2. "EAis not allowed to float. "EAis latched during RESET and don't care after RESET. 


PO.7 PO.O 
68 -75 
Port 0: 8-bit open drain bidirectional 1/0 port. It is also the multiplexed low-order address and data 
bus during accesses to external memory (during theses accesses internal pull-ups are activated). Port 
a can sink/source 8 LSTIL inputs. 


XTAL3 
78 
Crystal pin, output of the inverting amplifier that forms the 32 KHz oscillator 


XTAL4 
79 
Crystal pin, input to the inverting amplifier that forms the 32 KHz oscillator, must be connected to logic 
LOW if the PLL oscillator is not selected (SELXTAL 1 = HIGH). 


SELXTAL1 
80 
Must be connected 
to logic 
HIGH level to select the HF oscillator, 
using the XTAL 1/XTAL2 


crystal, If pUlled low the PLL is selected for clocking 
of the controller, 
using the XTAL31 XTAL4 


crystal, 


To avoid a 'Iatch-up' effect at Power-on, the voltage on any pin at any time must not be higher or lower than Voo+ 0.5V or Vss- 0.5V 
respectively. 


ELECTROMAGNETIC 
COMPATIBILITY 
(EMC) 
IMPROVEMENTS 
Primary attention was paid on the reduction 
of electromagnetic emission of the 
microcontroller 8xCE558. 


The following features effect in reducing the 
electromagnetic emission and additionally 
improve the electromagnetic susceptibility: 


• 
Four supply voltage pins (Voo) and four 
ground pins (VSS)with a pair of Voo and 
Vss at two adjacent pins in the center at 
one side of the package and at two 
adjacent pins at the opposite side of the 
package and one more VSSpin at each of 
the other two sides of the package 


• 
Separated Voo pins for the internal logic 
and the port buffers 


• 
Internal decoupling capacitance improves 
the EMC radiation behavior and the EMC 
immunity 


• 
External capacitors are to be located as 
close as possible between pins V001 and 
Vss1, Voo2 and Vss2, V003 and VSS3as 
well as Voo4 and VSS4 ; ceramic chip 
capacitors are recommended (1OOnF). 


Useful in applications that require no external 
memory or temporarily no external memory: 


64. 


External 


32768 
A 
( 
32767 
\ 


Internal 
External 
(EA=') 
(EA = 0) 


0 
'---------..,,------_/ 


Program 
Memory 


• 
The ALE output signal (pulses at a 
frequency of felK/6) can be disabled 
under software control (bit 5 in the SFR 
PCON: "RFI"); if disabled, no ALE pulse 
will occur. ALE pin will be pulled down 
internally, switching an external address 
latch to a quiet state. The MOVX 
instruction will still toggle ALE (external 
data memory is accessed). ALE will retain 
its normal HIGH value during Idle mode 
and a LOW value during Power-down 
mode while in the "RFI" reduction mode. 
Additionally during internai access 
(EA = 1) ALE will toggle normally when 
the address exceeds the internal program 
memory size. During external access 
(EA = 0) ALE will always toggle normally, 
whether the flag "RFI" is set or not. 


General 
The 8xCE558 is a stand-alone 
high-performance microcontroller designed 
for use in real time applications 
such as 
instrumentation, industrial control, medium to 
high-end consumer applications and specific 
automotive. control applications. 


In addition to the 80C51 standard functions, 
the device provides a number of dedicated 
hardware functions for these applications. 


The 8xCE558 is a control-oriented CPU with 
on-chip program and data memory. It can be 
extended with external program memory up 
to 64 K bytes. It can also access up to 64 K 
bytes of external data memory. For systems 
requiring extra capability, the 8xCE558 can 
be expanded using standard memories and 
peripherals. 


The 8xCE558 has two software selectable 
modes of reduced activity for further power 
reduction- - Idle and Power-down. The Idle 
mode freezes the CPU while allowing the 
RAM, timers, serial ports and interrupt 
system to continue functioning. The 
Power-<1own mode saves the RAM contents 
but freezes the oscillator causing all other 
chip functions to be inoperative. The 
Power-<1own mode can be terminated by an 
external Reset and by anyone 
of the two 


exiernal interrupts. (see description Wake-up 
from Power-<1own mode). 


1.1 Memory organization 
The central processing unit (CPU) 
manipulates operands in three memory 
spaces; these are the 64 K-byte external data 
memory, 1024 byte internal data memory 
(consisting of 256 bytes standard RAM and 
768 bytes AUX-RAM) and the 64 K-byte 
internal and external program memory (see 
Figure 1). 


'----------- 
------ 
~/ 
~ 


Internal 
Data Memory 


1.1.1 Program 
Memory 
The program memory of the 8xCE558 
consists of 32 Kbyte ROM resp. FEEPROM 
("Flash Memory") on-chip, externally 
expandable up to 64 Kbyte. If the EA pin is 
held HIGH, the 8xCE558 executes out of the 
internal program memory unless the address 
exceeds 7FFFH. Locations 8000H through 
OFFFFH are then fetched from the external 
program memory. If the EA pin was set LOW 
during RESET the 8xCE558 fetches all 
Instructions from the external program 
memory. The EA input is latched during 
RESET and is don't care after RESET. 


By setting a mask programmable security bit 
(ROM) resp. by software programmable 
security byte (FEEPROM) the internal 
program memory content is protected I.e. it 
cannot be read out at any time by any test 
mode or by any instruction in the external 
program memory space. The MOVC 
instructions are the only which have access 
to program code in the internal or external 
program memory. The EA input is latched 
during RESET and is 'don't care' after 
RESET. This implementation prevents from 
reading intemal program code by switching 
from external program memory to internal 
program memory during MOVC instruction or 
an instruction that handles immediate data. 


Table 1 lists the access to the internal and 
external program memory with MOVC 
instructions when the security feature has 
been activated. 


1.1.2 Internal Data Memory 
The internal data memory is divided into 
three physically separated parts: 


256 byte of RAM, 768 byte of AUX-RAM, and 
a 128-byte special function area. These can 
be addressed each in a different way (see 
also Table 2). 


RAM 0 to 127 can be addressed directly 
and indirectly as in the 80C51. Address 
pointers are ROand R1 of the selected 
registerbank. 


RAM 128 to 255 can only be addressed 
indirectly. Address pointers are ROand 
R1 of the selected registerbank. 


AUX-RAM 0 to 767 is indirectly 
addressable as external DATA 
MEMORY locations 0 to 767 via 
MOVX-Datapointer instruction, unless it 
is disabled by setting ARD = 1. 


AUX-RAM 0 to 767 is indirectly 
addressable via pageregister (XRAMP) 
and MOVX-Ri instructions, unless it is 
disabled by setting ARD = 1 (see Figure 
2). When executing from internal 
program memory, an access to 


AUX-RAM 0 to 767 will not affect the 
ports PO, P2, P3.6 and P3.7. An access 
to external DATA MEMORY locations 
higher than 767 will be performed with 
the MOVX @ DPTR instructions in the 
same way as in the 80C51 structure, so 
with POand P2 as data/address bus and 
P3.6 and P3.7 as write and read timing 
signals. Note that the external DATA 
MEMORY cannot be accessed with RO 
and R1 as address pointer if the 
AUX-RAM is enabled (ARD = 0, default). 


The Special Function Registers (SFR) 
can only be addressed directly in the 
address range from 128 to 255 (see 
table 4). 


Four 8-register banks occupy locations 0 
through 31 in the lower RAM area. Only 
one of these banks may be enabled at a 
time. The next 16 bytes, locations 32 
through 47, contain 128 directly 
addressable bit locations. The stack can 
be located anywhere in the internal 256 
byte RAM. The stack depth is only 
limited by the available internal RAM 
space of 256 bytes (see Figure 3). All 
registers except the program counter 
and the four 8-register banks reside in 
the Special Function Register address 
space. 


Access to Internal 
Program Memory 
Access to External 
Program 
Memory 


MOVC in intemal program memory 
YES 
YES 


MOVC in external program memory 
NO 
YES 


255 
767 
/. 


<XRAMP> 
= 02 H 


512 
511 


MOVX@RI,A }~ 


MOVX 
0' DPTR,A 


MOVXA,@RI 
<XRAMP> 
= 01 H 
MOVX 
A.eOPTR 
\~ 


256 
255 


<XRAMP> 
= 00 H 


LOCATION 
ADDRESSED 


RAM 
Oto127 
Direct and Indirect 


AUX-RAM 
o t0767 
Indirect Only with MOVX 


RAM 
128t0255 
Indirect Only 


SFR 
128to 255 
Direct Only 
, 


AUX-RAM 
Page Register 
XRAMP 


The AUX-RAM Page Register is used to select one of three 256-by1e pages of the intemal 768-by1e AUX·RAM for MOVX-accesses via ROor 
R1. Its reset value is (XXXXXXOO). 


XRAMP (OFAH) 


x: undefined during read, a write operation must write "0" to these location 


BIT 
SYMBOL 
FUNCTION 


XRAMP.7 
( reserved for future use 1 ) 


XRAMP.6 
( reserved for future use 1 ) 


XRAMP.5 
( reserved for luture use 1 ) 


XRAMP.4 
( reserved for future use 1 ) 


XRAMP.3 
( reserved for future use 1 ) 


XRAMP.2 
( reserved for future use 1 ) 


XRAMP.1 
XRAMP1 
AUX-RAM page select bit 1 AUX-RAM page select bit 0 
XRAMP.O 
XRAMPO 


NOTES: 


1. User software should not write 1s to reserved bits. These bits may be used in future 80C51 family products to invoke new features. In that 
case, the reset or inactive value of the new bit will be LOW, and its active value will be HIGH. The value read from a reserved bit is 
indeterminate. 


ARDl 
XRAMP1 
XRAMPO 
MOVX @Ri,Aand 
MOVX A,@Ri instructions 
access: 


0 
0 
0 
AUX-RAM 
locations 0 .. 255 (reset cond.) 


0 
0 
1 
AUX-RAM 
locations 
256 .. 511 


0 
1 
0 
AUX-RAM 
locations 512 .. 767 


0 
1 
1 
••• no valid memory access ••• 


1 
X 
X 
Extemal RAM locations 
0 .. 255 


ARDl 
XRAMP1 
XRAMPO 
MOVX @DPTR,Aand 
MOVX A,@DPTR instructions 
access: 


0 
X 
X 
AUX-RAM 
locations 
0 .. 767 
(reset cond.) 
Extemal RAM locations 768 .. 65535 


1 
X 
X 
Extemal RAM locations 
0 .. 65535 


NOTES: 


1. ARD (AUX-RAM Disable) is a bit in Special Function Register PCON 


HIGH NIBBLE OF SFR ADDRESS 


LOW 
8 
9 
A 
B 
C 
D 
E 
F 


0 
PO% 
P1% 
P2% 
P3% 
P4% 
PSW% 
ACC% 
BO/o 


11111111 
11111111 
11111111 
11111111 
11111111 
00000000 
00000000 
00000000 


1 
SP 00000111 


2 
DPL 
00000000 


3 
DPH 


00000000 


4 


5 


6 
ADRSLO # 
ADRSL1 # 
ADRSL2 # 
ADRSL3# 
ADRSL4# 
ADRSL5 # 
ADRSL6 # 
ADRSL7 # 
xxx XXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 


7 
PCON 
P5 # 
ADCON 
ADPSS 
ADRSH # 


00000000 
XXXXXXXX 
00000000 
00000000 
OOOOOOXX 


8 
TCON% 
SOCON% 
IENO% 
IPO% 
TM2IR% 
S1CON% 
IEN1 % 
IP1 % 
00000000 
00000000 
00000000 
XOOOOOOO 
00000000 
00000000 
00000000 
00000000 


9 
TMOD 
SOBUF 
CMLO 
CMHO 
S1STA# 
PLLCON 


00000000 
XXXXXXXX 
00000000 
00000000 
11111000 
00001101 


A 
TLO 
CML1 
CMH1 
S1DAT 
TM2CON 
XRAMP 
00000000 
00000000 
00000000 
00000000 
00000000 
XXXXXXOO 


B 
TL1 
CML2 
CMH2 
S1ADR 
CTCON 
FMCON' 


00000000 
00000000 
00000000 
00000000 
00000000 
OOOXOOOO 


C 
THO 
CTLO # 
CTHO # 
TML2 # 
PWMO 


00000000 
XXXXXXXX 
XXXXXXXX 
00000000 
00000000 


D 
TH1 
CTL1 # 
CTH1 # 
TMH2# 
PWM1 
00000000 
XXXXXXXX 
XXXXXXXX 
00000000 
00000000 


E 
CTL2 # 
CTH2 # 
STE 
PWMP 


XXXXXXXX 
XXXXXXXX 
11000000 
00000000 


F 
CTL3 # 
CTH3 # 
RTE 
T3 


XXXXXXXX 
XXXXXXXX 
00000000 
00000000 


%; 
Bit addressable register 


# 
Read only register 


X 
Undefined 
only in 89CE558 


1.2 Addressing 
The 8xCE558 has five modes for addressing: 


• 
Register 


• 
Direct 


instructions have a "destination/source" field 
that specifies the data type, addressing 
methods and operands involved. For 
operations other than MOVs, the destination 
operand is also a source operand. 


Access to memory addresses is as follows: 


• 
Register in one of the four 8-register 
banks through Register. Direct or 
Register-Indirect addressing 


• 
1024 bytes of intemal RAM through Direct 
or Register-Indirect addressing. 
Bytes 0-127 of internal RAM may be 
addressed directlyflndirectly. Bytes 


• 
Register-Indirect 


• 
Immediate 


• 
Base-Register plus 
Index-Register -Indirect 


The first three methods can be used for 
addressing destination operands. Most 


128-255 of internal RAM share their 
address location with the SFRs and so 
may only be addressed indirectly as data 
RAM. Bytes 0-767 of AUX-RAM can only 
be addressed indirectly via MOVX. 


• 
Special Function Register through direct 
addressing at address locations 128-255 
(see Figure 4). 


• 
External data memory through 
Register-Indirect addressing 


• 
Program memory look-up tables through 
Base- Register plus 
Index-Register-Indirect 
addressing 


Register 
Mnemonic 
,,------A----.., 


Byte Address 
Byte Address 


(Hex) 
Bit Address (Hex) 
(Decimal) 


,------A----.., r------ ------, 
,------A----.., 
l-(M-S-Bl---------c-l-sB-t 
255 


7F 
7E 
70 
7C 
7B 
7A 
79 
78 


n 
76 
75 
74 
73 
72 
71 
70 


6F 
6E 
60 
6C 
6B 
6A 
69 
68 


67 
66 
65 
64 
63 
62 
61 
60 


SF 
5E 
50 
5C 
5B 
SA 
59 
58 


57 
56 
55 
54 
53 
52 
51 
50 


4F 
4E 
40 
4C 
4B 
4A 
49 
4B 


47 
46 
45 
44 
43 
42 
41 
40 


3F 
3E 
3D 
3C 
3B 
3A 
39 
38 


37 
36 
35 
34 
33 
32 
31 
30 


2F 
2E 
20 
2C 
2B 
2A 
29 
28 


27 
26 
25 
24 
23 
22 
21 
20 


1F 
1E 
10 
1C 
1B 
1A 
19 
1B 


17 
16 
15 
14 
13 
12 
11 
10 


OF 
OE 
00 
OC 
OB 
OA 
09 
08 


07 
06 
05 
04 
03 
02 
0' 
00 


Bank 3 


1 


Bank 2 


Bank 
1 


Bank 0 


1.3 
I/O facilities 
The 8xCE558 has six 8-bit ports. Ports 0 to 3 
are the same as in the 80C51 , with the 
exception of the additional functions of Port 1. 
The parallel 1/0 function of Port 4 is equal to 
that of Ports 1, 2 and 3. Port 5 has a parallel 
input port function, but has no function as an 
output port. 


The SDA and SCL lines serve the serial port 
SI01 (I 2 C). Because the 12C-bus may be 
active while the device is disconnected from 


VDD, these pins, are provided with open drain 
drivers. 


F8H 
IP1 


47 
FOH 
B 


46 


45 
E8H 
lENt 


44 


43 
EOH 
EO 
ACC 


42 
CRO 


41 
08H 
DB 
StCON 


40 


P 


39 
DOH 
00 
psw 


3B 
cno 


37 
CBH 
CB 
TM21R 


36 


35 
COH 
CO 
P4 


34 


PXO 


33 
B8H 
B8 
IPO 


32 


3' 
BOH 
BO 
P3 


EXO 


24 
ABH 
A8 
IENO 


23 
AOH 
AO 
P2 


RI 


16 
9BH 
98 
SOCON 


15 


90H 
90 
P1 


ITO 


8BH 
BB 
TCON 


80H 
BO 
PO 


Ports 0, 1, 2, 3, 4 and 5 perform the following 
alternative functions: 


Port 0: provides the multiplexed 
low-order address and data bus used for 
expanding the 8xCE558 with standard 
memories and peripherals. 


Port 1: Port 1 is used for a number of 
special functions: 


- 4 capture inputs (or external interrupt 
request inputs if capture information is 
not utilized) 


- external counter input 


- external counter reset input 


Port 2: provides the high-order address 
bus when the 8xCE558 is expanded with 
external Program Memory andlor 
external Data Memory. 


Port 3: pins can be configured 
individually to provide: 


- external interrupt request inputs 


- counter inputs 


- receiver input and transmitter output of 
serial port SIO 0 (UART) 


- control signals to read and write 
external Data Memory 


Port 4: can be configured to provide 
signals indicating a match between timer 
counter T2 and its compare registers. 


Port 5: may be used in conjunction with 
the ADC interface. Unused analog inputs 
can be used as digital inputs. As Port 5 
lines may be used as inputs to the ADC, 
these digital inputs have an inherent 
hysteresis to prevent the input logic from 
drawing too much current from the 
power lines when driven by analog 
signals. Channel to channei crosstalk 
should be taken into consideration when 
both digital and analog signals are 
simultaneously input to Port 5 (see DC 
characteristics) . 


All ports are bidirectional with the exception 
of Port 5 which is an input port. 


Pins of which the alternative function is not 
used may be used as normal bidirectional 
liDs. 


The generation or use of a Port 1, Port 3 or 
Port 4 pin as an alternative function is carried 
out automatically by the 8xCE558 provided 
the associated Special Function Register bit 
is set HIGH. 


The pull-up arrangements of Ports 1 - 5 are 
shown in Figure 5. 


1.4 Pulse Width Modulated 
Outputs 
The 8XCE558 contains two pulse width 
modulated output channels (see Figure 6). 
These channels generate pulses of 
programmable length and interval. The 


repetition frequency is defined by an 8-bit 
prescaler PWMP, which supplies the clock for 
the counter. The prescaler and counter are 
common to both PWM channels. The 8-bit 
counter counts modulo 255, i.e., from 0 to 
254 inclusive. The value of the 8-bit counter 
is compared to the contents of two registers: 
PWMO and PWM1. Provided the contents of 
either of these registers is greater than the 
counter value, the corresponding PWK.W or 
PWm output is set LOW. If the contents of 
these registers are equal to, or less than the 
counter value, the output will be HIGH. The 
pulse-width-ratio is therefore defined by the 
contents of the registers PWMO and PWM 1. 
The pulse-width-ratio is in the range of 0/255 
to 255/255 
and may be programmed in 
increments of 1/255. 


Buffered PWM outputs may be used to drive 
DC motors. The rotation speed of the motor 
would be proportional to the contents of 
PWMn. The PWM outputs may also be 
configured as a dual DAC. In this application, 
the PWM outputs must be integrated using 
conventional operational amplifier circuitry. If 
the resulting output voltages have to be 
accurate, external buffers with their own 
analog supply should be used to buffer the 
PWM outputs before they are integrated. The 
repetition frequency fpwm, at the PWMn 
outputs is give by: 


fCLK 


2 x (1 + PWMP) x 255 


loading the PWM registers with either OOHor 
FFH, the PWM channels will output a 
constant HIGH or LOW level, respectively. 
Since the 8-bit counter counts modulo 255, it 
can never actually reach the value of the 
PWM registers when they are loaded with 
FFH. 


When a compare register (PWMO or PWM1) 
is loaded with a new value, the associated 
output is updated immediately. It does not 
have to wait until the end of the current 
counter period. Both I5WIirn output pins are 
driven by push-pull drivers. These pins are 
not used for any other purpose. 


Prescaler frequency control register PWMP 


PWMP(FEH)= 


MSB 
LSB 


Bit 
Function 


PWMP.0-7 
Prescaler division factor; 
(PWMP)+ 
1. 


PWMO(FCH) 
PWM1 (FDH)= 
MSB 
LSB 


Reading PWMP gives the current reload 
value. The actual count of the prescaler 
cannot be read. 


Bit 
PWMO.0-7 
PWM1.0-7 


Function 
Lowihigh ratio of 
15W1irn; 
(PWMn) 
255-(PWMn) 


This gives a repetition frequency range of 
123Hz to 3104kHz (fCLK; 16MHz). By 


From 
Port 
Latch 


P1 is turned on for 2 oscillator 
periods 
after ON makes a 1-to-0 transition. 


During this time, P1 also turns on P3 through 
the inverter to form an additional 
pull up. 


1.5 Analog I Digital Converter 
In order to have a minimum of ADC service 
overhead in the microcontroller program, the 
ADC is able to operate autonomously by it's 
configurable autoscan feature and a set of 8 
buffer registers (10 bit), which store the result 
of the conversion of each analog input 
channel. The functional diagram of the ADC 
is shown in Figure 7. 


Feature Overview: 


• 
1a-bit resolution. 


• 
8 multiplexed analog inputs. 


• 
Programmable autoscan of the analog 
inputs. 


• 
Bit oriented 8-bit scan-select register to 
select analog inputs. 


• 
Continuous scan or one time scan 
configurable from 1 to 8 analog inputs. 


• 
Start of a conversion by software or with 
an extemal signal. 


• 
Programmable prescaler (div by 2, 4, 6, 8) 
to adapt to different oscillator frequencies. 


• 
Eight 1a-bit buffer registers, one register 
for each analog input channel. 


• 
Conversion time for one AID conversion: 


15~ 
... 50~ 


• 
Differential non-linearity 


• 
Integral non-linearity 


• 
Offset error 


• 
Gain error 


DLe 1 LSB. 


ILe 2 LSB. 


: OSe 2 LSB. 


ADRSLn and ADRSH are specified as read 
only registers to prevent conflict situations 
between software write operation and writing 
the AID conversion result in ADRSn by the 
hardware. 


1.5.2 Idle and Power-down 
Mode for the 


AID converter 
If the Idle or Power-down Mode is activated, 
then an AID conversion in progress is 
aborted, the ADSST flag is cleared and the 
internal clock is halted. The interrupt flag 
ADI NT will not be set. The ADRSn registers 
10 bit buffer are not affected. 


Table 6 shows resultant conversion times 
(tconv) at external clock frequencies (fClK) 
and ADC prescaler divisors (m), which are 
programmable by the bits ADCON.7 and 
ADCON.6. For conversion times outside the 
specified range the specified characteristics 
are not guaranteed; those conversion times 
are put in brackets. 


Table 6. Configuration 
time 
configurable 
examples 


(tconv/ms) 


fClK 
6MHz 
8MHz 
12MHz 
16MHz 


m 


2 
26 
19.5 
[13] 
[9.75] 


4 
50 
37.5 
25 
18.75 


6 
[74] 
[55.5] 
37 
27.75 


8 
[98] 
[73.5J 
49 
36.75 


• 
Channel to channel matching 
: Mete 1 LSB. 


• 
Crosstalk between analog inputs 


: Ct < -60dB. 


@100kHz. 


• 
Monotonic and no missing codes. 


• 
Separated analog (AVDD, AVSS) and 
digital (VDD, VSS) supply voltages. 


• 
Reference voltage at two special pins: 
AVREF- and AVREF+. 


1.5.1 Functional 
description: 


Table 5. 


ADCON 
AID control register 
read! 
write 


ADPSS 
Analog port scan- 
read! 


select register 
write 


ADRSLn 
8 AID result 
read only 
registers, contain 
the 8 lower bits 


ADRSH 
AID result register, 
read only 
contains the 2 
higher bits 


P5 
Digital input port 
read only 
(shared with ana- 
log inputs) 


After a RESET of the microcontroller the 
ADCON and ADPSS register bits are 
initialized to zero, registers ADRSLn and 
ADRSH are undefined. 


ADCll 0 


COMPARATOR 
ANALOG 
Y 


Mux. 
SAR 


ADC7 0 


10 


AV,..f. 0 
10 


DAC 


AVref_ 0 


10 


AVOD1 0 
8x 


0 


1Q-blt 
resutt 


AVSS1 
registers 


AOEXS 0 


--y: 
, 


Bit 
Symbol 
Function 


ADCON.7 
ADPR1 
Control bit for the prescaler. 


ADCON.6 
ADPRO 
Control bit for the prescaler. 
ADPR1 =0 APPRO=O Prescaler divides by 2. 
ADPR1 =0 ADPRO=1 Prescaler divides by 4. 
ADPR1 =1 ADPRO=O Prescaler divides by 6. 
ADPR1 =1 ADPRO=1 Prescaler divides by 8. 


ADCON.5 
ADPOS 
ADPOS is reserved for future use. Must be "0" if ADCON is written. 


ADCONA 
ADINT 
ADC interrupt flag. This flag is set when all selected analog inputs are con- 
verted, as well in continuous scan as in one time scan mode. An interrupt is in- 
voked if this interrupt is enabled. ADINT must be cleared by software. It cannot 
be set by software. 


ADCON.3 
ADSST 
ADC start and status. Setting this bit by software or by hardware (via ADEXS 
input) starts the AID conversion of the selected analog inputs. ADSST stays a 
'one' in continuous scan mode. In one time scan mode, ADSST is cieared when 
the last selected analog input channel has been converted. As long as ADSST 
is a one, new start commands to the ADC- block are ignored. An AID conver- 
sion in progress is aborted if ADSST is cleared by software. 


ADCON.2 
ADCSA 
1 
= 
Continuous scan of the selected analog input after a 
start of AID conversion. 


0 
= 
One time scan of the selected analog inputs after a 
start of AID conversion. 


ADCON.1 
ADSRE 
1 
= 
A rising edge at inputs ADEXS will start the AID conversion 
and generate a capture signal. 


0 
= 
A rising edge at input ADEXS has no effect. 


ADCON.O 
ADSFE 
1 
= 
A falling edge at input ADEXS will start the AID conversion 
and generate a capture signal. 


0 
= 
A falling edge at input ADEXS has no effect. 


ADPSS7-0 
For each individual bit position: 
o 
The corresponding 
analog input is skipped in 
the auto-scan loop. 
The corresponding 
analog input is inciuded 
in the auto-scan loop. 


If all bits are 'zero' then no AID conversion 
can be started. If ADPSS is written while an 
AID conversion is in progress (ADSST in the 
ADCON register is 'one') then the auto-scan 
loop with the previous selected analog inputs 
is completed first. The next auto-scan loop is 
performed with the new selected analog 
inputs. 


1.5.5 AID Result Registers 
ADRSLn and 
ADRSH: 
There 
are 8 ADRSLn 
registers 
and one 


ADRSH register. Reading an ADRSLn 
register by software copies at the same time 
the two highest bits of the corresponding 


1O-bit conversion value in two latches. These 
two latches form bit position 0 and bit position 
1 of register ADRSH. The upper 6 bits of 
ADRSH are all D's if read. ADRSLn and 
ADRSH are read only registers. 


1.6 Timer I Counters 
The 8xCE558 contains three 16-bit 
timer/event counters: Timer 0, Timer 1 and 
Timer T2 and one 8-bit timer, T3. Timer 0 and 
Timer 1 may be programmed to carry out the 
following functions: 


Measure time intervals and pulse 
durations 


Count events 


Generate interrupt requests 


1.6.1 Timer 0 and Timer 1 
Timers 0 and 1 each have a control bit in 
SFR TMOD that selects the timer or counter 
function of the corresponding timer. 


In the timer function, the register is 
incremented every machine cycle. Thus, one 
can think of it as counting machine cycles. 
Since a machine cycle consists of 12 
oscillator periods, the count rate is 1/12 of the 
oscillator frequency. 


In the counter function, the register is 
incremented in response to a 1-to-0 transition 
at the corresponding external input pin, TO or 
T1. In this function, the external input is 
sampled during S5P2 of every machine 
cycle. When the samples show a HIGH in 
one cycle and a LOW in the next cycle, the 
counter is incremented. Thus, it takes two 
machine cycles (24 oscillator periods) to 
recognize a 1- to-O transition. There are no 
restrictions on the duty cycle of the external 
input signal, 
but to insure that a given level is 


sampled at least once before it changes, it 
should be held for at least one full machine 
cycle. 


TImer 0 and Timer 1 can be programmed 
independently to operate in one of four 
modes: 


• 
Mode 0: 
B-bit timer or B-bit counter each 


with divide by-32 prescaler 


• 
Mode 1: 
16-bit time-interval or event 


counter 


• 
Mode 2: 
B-bit time-interval or event 


counter with automatic reload upon 
overflow 


• 
Mode 3: 
-TImer 0: one B-bit time-Interval 


or event counter and one B-bit 
time-Interval counter 


-Timer 1: stopped 


When Timer 0 is in Mode 3, TImer 1 can be 


programmed to operate in Modes 0, 1 or 2 
but cannot set an interrupt request flag or 
generate an interrupt. However the overflow 
from Timer 1 can be used to pulse the serial 
port baud-rate generator. 


With a 16 MHz crystal, the counting 
frequency of these timer/counters is as 
follows: 


• 
In the timer function, the timer is 
incremented at a frequency of 1,33 MHz - 
a division by 12 of the oscillator frequency 


• 
0 Hz to an upper limit of 0.66 MHz (1/24 
of the oscillator requency) when 
programmed for external inputs 


Both internal and external inputs can be 
gated to the counter by a second external 
source for directly measuring pulse durations. 


When configured as a counter, the register is 
incremented on every falling edge on the 
corresponding input pin, TO or T1. The 
incremented register value can be read 
earliest during the second machine cycle 
after that one, during which the incrementing 
puise occurred. 


The counters are started and stopped under 
software control. Each one sets its interrupt 
request flag when it overflows from all HIGHs 
to all LOWs (or automatic reload value), with 
the exception of mode 3 as previously 
described. 


Gating 
control 
when 
set. Timer/Counter 
"x" Is en· 


abled 
only while "lATi" pin Is high and "TAx" 
con- 


t,oI pin Is sel 
When 
cleared 
TImer 
"x" Is enabled 
whenever 
"TRx" 
control 
bit Is set. 


TImer 
or Counter 
Selector 
cleared 
for TImer 
opera· 


tlon (Input 
from Internal 
system 
clock). 
Set for 
Counter 
operation 
(Input 
from "Tx" 
Input pin). 


16-bU Timer/Counter 
"THx" 
and "Tlx" 
are 


cascaded; 
there 
Is no prescaler. 


8-blt auto-reload 
Tlmer/Counter 
"THx" 
holds 


8 value 
which 
is to be reloaded 
into ',Lx" 


each time it overflows. 


(Tlmer 
0) TLO Is an 8-btt TImer/Counter 
con- 
trolled 
by the standard 
TImer 
0 control 
bits. 


THO Is 8n a-bit timer 
only controlled 
by Timer 
1 control 
bils. 


(TImer 
1) Timer/Counter 
1 stopped. 


TCON 
(88H) 


Symbol 
Position 
Name 
and Significance 


TFI 
TCON.7 
Timer 
1 overflow 
flag. Set by hardware 
on 
Tlmer/Coun1er 
overflow. 
Cleared 
by hardware 
when 
processor 
vectors 
to Interrupt 
routine. 


TRI 
TCON.6 
Timer 
1 Run control 
bit. Set/cleared 
by soft- 
ware to turn Timer/Counter 
oIVoH. 


TFO 
TCON.S 
Timer 
0 overflow 
flag. Set by hardware 
on 
Timer/Counter 
overflow. 
Cleared 
by hardware 
when 
processor 
vectors 
to interrupt 
routine. 


TRO 
TCON.4 
Timer 
0 Run control 
bit. Set/cleared 
by soft- 
ware to turn Timer/Counter 
ontoff. 


Symbol 
Position 
Name 
and Significance 


lEI 
TCON.3 
Interrupt 
1 Edge flag. Set by hardware 
when 
external 
Interrupt 
edge detected. 
Cleared 
when 
interrupt 
processed. 


ITI 
TCON.2 
Interrupt 
1 Type control 
bit. Set/cleared 
by 


software 
to specify 
failing 
edge/low 
level trig- 


gered 
external 
interrupts. 


IEO 
TCON.1 
Interrupt 
0 Edge flag. Set by hardware 
when 
external 
Interrupt 
edge 
detected. 
Cleared 
when 
Interrupt 
processed. 


ITO 
TCON.O 
Interrupt 
0 Type control 
bit. Set/cleared 
by 


software 
to specify 
failing 
edgel10w 
level tri~ 
gered 
external 
interrupts. 


1.6.2 
Timer T2 
Timer T2 is a 16 bit timer/counter which has 
capture and compare facilities. 


The operational diagram is shown in Figure 
8. 


The 16 bit timer/counter is clocked via a 
prescaler with a programmable division factor 
of 1, 2, 4 or 8. The input of the prescaler is 
clocked with 1/12 of the clock frequency, or 
by an external source connected to the T2 
input, or it is switched off. The maximum 
repetition rate of the external clock source is 
fCLK/12,twice that of Timer a and Timer 1. 
The prescaler is incremented on a rising 


edge. It is cleared if its division factor or its 
input source is changed, or if the 
timer/counter is reset (see also Figure 11: 
TM2CON). T2 is readable 'on the fly', without 
any extra read latches; this means that 
software precautions have to be taken 
against misinterpretation at overtlow from 
least to most significant byte while T2 is 
being read. T2 is not loadable and is reset by 
the RST signal or at the positive edge of the 
input signal RT2, if enabled. In the Idle mode 
the timer/counter and prescaler are reset and 
halted. 


T2 is connected to four 16-bit Capture 


Registers: CTa, CT1, CT2 and CT3. A rising 
or falling edge on the inputs CTal, CT11, CT21 
or CT31 (aiternative function of Port 1) results 
in loading the contents of T2 into the 
respective Capture Registers and an interrupt 
request. 


Using the Capture Register CTCON (see 
Figure 12), these inputs may invoke capture 
and interrupt request on a positive, a 
negative edge or on both edges. If neither a 
positive nor a negative edge is selected for 
capture input, no capture or interrupt request 
can be generated by this input. 


8-blt overflow 
Interrupt 


16-blt 
overflow 
Interrupt 


P4.0 


P4.1 


P4.2 
110 port 4 


P4.3 


P4.4 


P4.5 


P4.6 


P4.7 


S 
= set 


R 
= reset 


T 
= toggle 


TG = toggle 
status 


TM2CON.7 


TM2CON.6 


TM2CON.5 


Timer 
T2 16-blt 
overflow 
Interrupt 
select 


Timer 
T2 byte 
overflow 
Interrupt 
select 


Timer 
T2 external 
reset 
enable. 
When 
this 
bit Is 


set, Timer 
T2 may 
be reset 
by a rising 
edge 
on 
RT2 (Pl.5). 


Timer 
T2 byte 
overflow 
Interrupt 
flag 
TM2CON.4 


TM2CON.3 


TM2CON.2 


T2BO 


T2P1 
} 


T2PO 


T2Pl 
T2PO 
Timer 
T2 Clock 


0 
0 
Clock 
source 
0 
1 
Clock 
sourcel2 


1 
0 
Clock 
sourcel4 


1 
1 
Clock 
sourcel8 


T2M$1 
T2MSO 
Mode 
Selected 


0 
0 
Timer 
T2 halted 
(off) 


0 
1 
T2 clock 
source 
= fCLK/12 


1 
0 
Test 
mode; 
do not 
use 


1 
1 
T2 clock 
source 
= pin T2 


CTCON 
(E8H) 


(MSB) 


Bit 
Symbol 


CTCON.7 
CTN3 


CTCON.6 
CTP3 


CTCON.5 
CTN2 


CTCON.4 
CTP2 


CTCON.3 
CTNl 


CTCON.2 
CTPt 


CTCON.1 
CTNO 


CTCON.O 
CTPO 


Capture 
Register 
3 triggered 
by a falling 
edge 
on CT31 


Capture 
Register 
3 triggered 
by 8 rising 
edge 
on CT31 


Capture 
Register 
2 triggered 
by a failIng 
edge 
on CT21 


Capture 
Register 
2 triggered 
by a rising 
edge 
on CT21 


Capture 
Register 
1 triggered 
by atalling 
edge 
on CTtI 


Capture 
RegIster 
t triggered 
by a rising 
edge 
on CTt I 


Capture 
Register 
0 triggered 
by a failing 
edge 
on CTOI 


Capture 
Register 
0 triggered 
by a rising 
edge 
on CTOI 


The contents of the Compare Registers CMO, 
CM1 and CM2 are continuously compared 
with the counter value of Timer T2. When a 
match occurs, an interrupt may be invoked. A 


match of CMOsets the bits 0-5 of Port 4, a 
CM1 match resets these bits and a CM2 
match toggles bits 6 and 7 of Port 4, provided 
these functions are enabled by the STE resp. 


RTE registers. A match of CMO and CM1 at 
the same time results in resetting bits 0-5 of 
Port 4. CMO, CM1 and CM2 are reset by the 
RSTIN signal. 


TM2IR.7 


TM2JR.6 


TM2IR.5 


TM2IR.4 


TM21R.3 


TM21R.2 


TM2IR.1 


TM2IR.O 


l1mer 12 16-blt overflow 
Interrupt flag 


CM2 interrupt 
flag 


eM' 
interrupt 
flag 


CMO interrupt flag 


eT3 
Interrupt 
flag 
en 
Interrupt 
flag 


CT' Interrupt flag 


CTO Interrupt 
flag 


11mer T2 overflow 
Interrupt(s) 
priority 
level 
TImer T2 comparator 
2 Interrupt 
priority level 
Tlmer 12 comparator 
1 Interrupt priority level 


11mer 12 comparator 
0 Interrupt 
priority 
level 


TImer 
T2 captur. 
register 
3 Interrupt 
priority 
level 


11mer 12 captur. 
register 
2 Interrupt 
priority 
level 


TImer 
T2 captur. 
reglater 
1 Interrupt 
priority 
level 


TImer 
12 captur. 
reglater 
0 Interrupt 
priority 
level 


STE.7 


STE.6 
STE.5 


STE.4 


STE.3 


STE.2 


STE.' 


STE.O 


""1" 
then P4.71a reM' 
on the next 
toggle, 
If LOW P4.71a set on the 
next 
toggle 


" "1" 
then P4.6 Is reset 
on the next 
toggl., 
If LOW P4.6 Is set on the 
next 
toggle 


" "1" 
then 
P4.5 Is set on • metch 
between 
CMO and nmer 
T2 


" "1" 
then 
P4.4 Is set on a match 
between 
CMO and nmer 
T2 


" "," 
then 
P4.3 Is .et 
on • match 
between 
CMO and nmer 
T2 


""," 
then 
P4.2 Is set on a match 
between 
CMO and nmer 
T2 


rt "'" 
then 
P4.'ls 
S8t on a match 
between 
CMO and TimerT2 


" "1" 
then 
P4.0 Is set on a match 
between 
CMO and nmer 
T2 


Port 4 can be read and written by software 
without affecting the toggle, set and reset 
signals. At a byte overflow of the least 
significant byte, or at a 16-bit overflow of the 
timer/counter, an interrupt sharing the same 
interrupt vector is requested. Either one or 
both of these overflows can be programmed 
to request an interrupt. 


1.7 Watchdog 
Timer (T3) (see 


Figure 16) 
In addition to Timer T2 and the standard 
timers, a watchdog timer consisting of an 
11-bit prescaler and an B-bit timer is also 
incorporated. 


derived from the oscillator frequency of 16 
MHz by the following: 


When a timer overfiow occurs, the 
microcontroller - but not the PLL - is reset 
and a reset output pulse is generated at pin 
RSTOUT. 


To prevent a system reset the timer must be 
reloaded in time by the application software. 
If the processor suffers a hardware/software 
malfunction, the software will fail to reload the 
timer. This failure will produce a reset upon 
overflow thus preventing the processor 
running out of control. The watchdog timer 
can only be reloaded if the condition flag 


WLE = peON.4 has been previously set by 
software. 


At the moment the counter is loaded the 
condition flag is automatically cleared. 


The time interval between the timer's 
reloading and the occurrence of a reset 
depends on the reloaded value. For example, 
this may range from 1,5 ms to 0,375 s when 
using an oscillator frequency of 16 MHz. 


In the Idle state the watchdog timer and reset 
circuitry remain active. 


The watchdog timer is controlled by the 
watchdog enable pin (lOW). A LOW level 
enables the watchdog timer and disables the 
Power-down mode. A HIGH level disables 
the watchdog timer and enables the 
Power-down mode. 


RTE.7 
RTE.6 
RTE.S 
RTE.4 
RTE.3 
RTE.2 
RTE.1 
RTE.O 


TP47 
If "1" then 
P4.7 toggles 
on 8 match 
between 
CM2 and Timer 
T2 


TP46 
tf "1" then 
P4.6 toggles 
on a match 
between 
CM2 and 11mer T2 


RP45 If "1" then 
P4.5 Is reset on a match 
between 
eM1 
and Timer 
T2 


RP44 If "I" 
then 
P4.4 is reset on a match 
between 
eM1 
and Timer 
T2 


RP43 If "I" 
then 
P4.3 Is reset on 8 match 
between 
eM1 
and Timer 
T2 


RP42 If "1" then 
P4.2 Is reset on 8 match 
between 
eM1 
and Timer 
T2 


RP41 
If "1" then P4.1 Is reset on a match 
between 
eMt 
and TimerT2 


RP40 If "1" then P4.0 Is reset on a match 
between 
eMt 
and Timer 
T2 


1.8 Serial VO 
The 8xCE558 is equipped with two 
independent serial ports: SIOO and S101. 
SIOO is the full duplex UART port, identical to 
the PCB80C51 serial port. SI01 is an 
12C-busserial I/O interface with byte oriented 
master and slave functions. 


1.8.1 5100 (UART) 
SIO a is a full duplex serial I/O port - it can 
transmit and receive simultaneously. This 
serial port is also receive-buffered. It can 
commence reception of a second byte before 
the previously received byte has been read 
from the receive register. If, however, the first 
byte has still not been read by the time 
reception of the second byte is complete, one 
of the bytes will be lost. The SIOO receive 
and transmit registers are both accessed via 
the SOBUF special function register. Writing 
to SOBUF loads the transmit register, and 
reading SOBUF accesses to a physically 
separate receive register. SIOO can operate 
in 4 modes: 


Mode 0: 
Serial data is transmitted and 
received through RXD. TXD 
outputs the shift clock. 8 data bits 


are transmitted/received 
(LSB 
first). The baud rate is fixed at 
1/12 of the oscillator frequency. 


Mode 0: 
10 bits are transmitted via TXD or 
received through RXD: a start bit 
(0), 8 data bits (LSB first), and a 
stop bit(1). On receive, the stop 
bit ,is put into RB8 (SOCON 
special function register). The 
baud rate is variable. 


Mode 0: 
11 bits are transmitted through 
TXD or received through RXD: a 
start bit (0), 8 data bits (LSB first), 
a programmable 9th data bit, and 
a stop bit (1). On transmit, the 9th 
data bit (TB8 in SOCON) can be 
assigned the value of a or 1. With 
nominal software, TB8 can be the 
parity bit (P in PSW). During a 
receive, the 9th data bit is stored 
in RB8 (SOCON), and the stop bit 
is ignored. The baud rate is 
programmable to either 1/32 or 
1/64 of the oscillator frequency. 


Mode 0: 
11 bits are transmitted through 
TXD or received through RXD: a 
start bit (0), 8 data bits (LSB first), 
a programmable 9th data bit, and 


a stop bit (1). Mode 3 is the same 
as Mode 2 except the baud rate 
which is variable in Mode 3. 


In all four modes, transmission is initiated by 
any instruction that writes to the SOBUF 
function register. Reception is initiated in 
Mode 0 when RI = 0 and REN = 1. In the 
other three modes, reception is initiated by 
the incoming start bit provided that REN = 1. 


Modes 2 and 3 are provided for 
multiprocessor c6mmunications. 
In these 


modes, 9 data bits are received with the 9th 
bit written to RB8. The 9th bit is followed by 
the stop bit. The port can be programmed so 
that with receiving the stop bit, the serial port 
interrupt will be activated if, and only if 
RB8= 1. 


This feature is enabled by setting bit SM2 in 
SOCON. This feature may be used in 
multiprocessor systems. 


For more information about how to use the 
UART in combination with the registers 
SOCON, PCON, lENa, SOBUF and Timer 
register refer to the 80C51 Data Handbook 
IC20 1992. 


SOCON 
(98H) 


Where SMa, SM1 specify the serial port mode, 
as follows: 


SMa 
SM1 
Mode 
Description 
Baud 
Rate 
a 
0 
a 
shift register 
fCLK/12 


a 
8-bit UART 
variable 


0 
2 
9-bit UART 
fCLK/64 
or 


fCLK/32 


3 
9-bit UART 
variable 


• 
TB8 
is the 9th data bit that will be transmitted in 
modes 2 and 3. Set or clear by software as 
desired. 


• 
RB8 
in modes 2 and 3, is the 9th data bit that 
was received. In mode 1, if SM2 = 0, RB8 is 
the stopbit that was received in mode 0, 
RB8 is not used. 


• 
Tl 
is the transmit interrupt flag. Set by hard- 
ware at the end of the 8th bit time in mode 
0, or at the beginning of the stop bit in the 
other modes, in any serial transmission. 
Must be cleared by software. 
• 
SM2 enables the multiprocessor communication 


feature in modes 2 and 3. In mode 2 or 3, if 
SM2 is set to 1" then RI will not be acti- 
vated if the received 9th data bit (RB8) is O. 
In mode 1, if SM2 = 1, then RI will not be 
activated if a valid stop bit was not received. 
In mode 0, SM2 should be O. 


• 
RI 
is the receive interrupt flag. Set by hardware 
at the end of the 8th bit time in mode 0, or 
halfway through the stop bit time in the 
other modes, in any serial reception (except 
see SM2). Must be cleared by software. 


• 
REN enables serial reception. Set by software to 
enable reception. Clear by software to dis- 
able reception. 


1.8.2 SI01 (12C-busInterface) 
The 12C-busis a simple bidirectional 2-wire 
bus for efficient inter-IC data exchange. 
Out-standing features of the 12C-bus are: 


• 
Only two bus lines are required: a serial 
clock line (SCL) and a serial data line 
(SDA) 


• 
Each device connected to the bus is 
software addressable by a unique 
address 


• 
Masters can operate as 
Master-transmitter or as Master-receiver 


• 
It's a true multi-master bus including 
collision detection and arbitration to 
prevent data corruption if two or more 
masters simultaneously initiate data 
transfer 


• 
Seriai clock synchronization allows 
devices with different bit rates to 
communicate 
via the same 
serial bus 


• 
ICs can be added to or removed from an 
12C-bussystem without affecting any 
other circuit on the bus 


• 
Fault diagnostics and debugging are 
simple; malfunctions can be immediateiy 
traced 


The on-chip 12Clogic provides a serial 
interface that meets the 12C-bus specification. 
supporting all 12C-bus modes of operation, 
they are: 


• 
Master transmitter 


• 
Master receiver 


• 
Slave transmitter 


• 
Slave receiver 


The SI01 logic performs a by1eoriented data 
transport, clock generation, address 
recognition and bus control arbitration are all 
controlled by hardware. Via two pins the 
external 12C-bus is interfaced to the SI01 
logic: 


SCL serial clock I/O and SDA (serial data 
I/O), (see Special Function Register bit 
S1CON.6/ENS1 for enabling the SI01 logic). 


The SI01 logic handles by1etransfer 
autonomously. It keeps track of the serial 
transfers, and a status register (S1STA) 
refiects the status of SI01 and the 12C-bus. 


Via the following four Special Function 
Registers the CPU interfaces to the 12Clogic. 


status register whose contents 
may be used as a vector to 
service routines. 


data shift register. The data 
byte is stable as long as 
S1CON.3/SI~1. 


slave address register. It's LSB 
enables/ disables general call 
address recognition. 


The Control Register, S1CON: 
The CPU can read from and write to this 
S-bit, directly addressable SFR. Two bits are 
affected by the SI01 hardware: the SI bit is 
set when a serial interrupt is requested, and 
the STO bit is cleared when a STOP 


condition is present on the 12Cbus. The STO 
bit is also cleared when ENS1 ~ "0". 


ENS1, the SI01 Enable Bit 
ENS1 ~ "0": When ENS1 is "0", the SDA and 
SCL outputs are in a high impedance state. 
SDA and SCL input signals are ignored, SI01 
is in the "not addressed" slave state, and the 
STO bit in S1CON is forced to "0". No other 
bits are affected. 


ENS 1 should not be used to temporarily 
release SI01 from the 12C-bus since, when 
ENS 1 is reset, the 12Cbus status is lost. The 
AA flag should be used instead (see 
description of the AA flag in the following 
text). 


STA, the START Flag 
STA ~ "1": When the STA bit is set to enter a 
master mode, the SI01 hardware checks the 
status of the 12Cbus and generates a START 
condition if the bus is free. If the bus is not 
free, then SI01 waits for a STOP condition 
(which will free the bus) and generates a 
START condition after a delay of a half ciock 
period of the internai serial clock generator. 


1 
0 
GCo- 


If STA is set while SI01 is already in a master 
mode and one or more bytes are transmitted 
or received, SI01 transmits a repeated 
START condition. STA may be set at any 
time. STA may also be set when SI01 is an 
addressed slave. 


STA = "0": When the STA bit is reset, no 
START condition or repeated START 
condition will be generated. 


STO, the STOP Flag 
STO = "1": When the STO bit is set while 
SI01 is in a master mode, a STOP condition 
is transmitted to the 12C bus. When the STOP 
condition is detected on the bus, the SI01 
hardware clears the STO flag. In a slave 
mode, the STO flag may be set to recover 
from an error condition. In this case, no 
STOP condition is transmitted to the 12C bus. 
However, the SI01 hardware behaves as if a 
STOP condition has been received and 
switches to the defined "not addressed" slave 
receiver mode. The STO flag is automatically 
cleared by hardware. 


If the STA and STO bits are both set, the a 
STOP condition is transmitted to the 12C bus 
if SI01 is in a master mode (in a slave mode, 
SI01 generates an internal STOP condition 
which is not transmitted). SI01 then transmits 
a START condition. 


STO = "0": When the STO bit is reset, no 
STOP condition will be generated. 


SI, the Serial Interrupt 
Flag 
SI = "1": When the SI flag is set, then, ilthe 
EA and ES1 (interrupt enable register) bits 
are also set, a serial interrupt is requested. SI 
is set by hardware when one of the foliowing 
events occur: 


A START condition is generated in MST 
mode. 


The own slave address has been 
received during AA = logic 1. 


The general call address has been 
received while S1ADR.0 and AA = logic 
1 


A data byte has been received or 
transmitted as selected slave. 


A STOP or START condition is received 
as selected slave receiver or transmitter. 


While SI is set, the low period of the serial 
clock on the SCL line is stretched, and the 
serial transfer is suspended. A high level on 
the SCL line is unaffected by the serial 
interrupt flag. SI must be reset by software. 


SI = "0": When the SI flag is reset, no serial 
interrupt is requested, and there is no 
stretching of the serial clock on the SCL line. 


AA, the Assert Acknowledge Flag 


AA = "1": If the AA flag is set, an 
acknowledge (low level to SDA) will be 


returned during the acknowledge clock pulse 
on the SCL line when: 


The "own slave address" has been 
received 


The general call address has been 
received while the general cali bit (GC) 
in S1ADR is set 


A data byte has been received while 
SI01 is in the addressed slave receiver 
mode 


AA = "0": if the AA flag is reset, a not 
acknowledge (high level to SDA) will be 
returned during the acknowledge clock pulse 
onSCL when: 


A data has been received while SI01 is 
in the master receiver mode 


A data byte has been received while 
SI01 is in the addressed slave receiver 
mode 


When SI01 is in the not addressed slave 
mode, its own slave address and the general 
call address are ignored. Consequently, no 
acknowledge is returned, and a serial 
interrupt is not requested. Thus, SI01 can be 
temporarily released from the 12Cbus while 
the bus status is monitored. While SI01 is 
released from the bus, START and STOP 
conditions are detected, and serial data is 
shifted in. Address recognition can be 
resumed at any time by setting the AA flag. If 
the AA flag is set when the part's own slave 
address or the general call address has been 
partly received, the address will be 
recognized at the end of the byte 
transmission. 


CRO, CR1, and CR2, the Clock Rate Bits 
These three bits determine the serial clock 
frequency when SI01 is in a master mode. 
The various serial rates are shown in Table 7. 


BIT FREQUENCY 
(kHz) AT felK 


CR2 
CR1 
CRO 
12MHz 
16MHz 


1 
0 
0 
50 
66.7 
1 
0 
1 
3.75 
5 
1 
1 
0 
75 
100 
1 
1 
1 
100 
0 
0 
0 
200 
266.7 


0 
0 
1 
7.5 
10 


0 
1 
0 
300 
400 


0 
1 
1 
400 


The frequencies shown in Table 7 are 
unimportant when SI01 is in a slave mode. In 
the slave modes, SI01 will automaticaliy 
synchronize with any clock frequency up to 
100kHz. 


Except from the bit rate selection (see 
Table 7) and the timing of the SCL and SDA 
signals (see AC electrical characteristics in 
section 10 of this data sheet) the SIO circuit 
is the same as described in detail in the 
8xC552 section of this handbook. 


AA 
Assert acknowledge bit, When this bit is set, 
an acknowledge is returned after anyone of 
the following conditions: 


Own slave address is received 


General call address is received 
(S1ADR.O = logic 1) 


A data byte is received, while the device 
is programmed to be a master receiver 


A data byte is received, while the device 
is a selected slave receiver 


When the bit is reset, no acknowledge is 
returned. Consequently, no interrupt is 
requested when the own address or general 
is received. 


SI 
SI01 interrupt flag. This is set, and an 
interrupt request is generated, after any of 
the following events occur: 
" A START condition is generated in MST 


mode 


The own slave address has been 
received during AA = logic 1 


The general call address has been 
received while S1ADR.0 and AA = logic 1 


A data byte has been received or 
transmitted in MST mode (even if 
arbitration is lost) 


A data byte has been received or 
transmitted as selected slave 


A STOP or START condition is received 
as selected slave receiver or transmitter 


STO 
STOP flag. When in master mode, and this 
bit is set a STOP condition is generated. A 
STOP condition detected on the 12C-bus 
clears this bit. This bit may also be set in 
slave mode in order to recover from an error 
condition. 
Then 
no STOP 
condition 
is 


generated to the 12C-bus, but the hardware 
releases the SDA and SCL lines and 
switches to the not selected receiver mode. 
The STOP flag is cleared by the hardware. 


STA 
START flag. When this bit is set in slave 
mode, the hardware checks the 12C-bus and 
generates a START condition if the bus is 
free or after the bus becomes free. If the 
device operates in master mode it will 
generate a repeated START condition. 


Disabled and reset. SDA 
and SCL outputs are open 
drain. 


Enabled. 


Serial status register 
SlSTA 
(SlSTA is a 


read only register) 


SlSTA(D9H) 


SlSTA.3 - SlSTA.7 hold a status code. 
SlSTA.o - SlSTA.2 are held LOW. The 
contents of the status register may be used 
as a vector to a service routine. This optimize 
the response time of the software and 
consequently that of the 12C-bus. 


7-bit slave address 


Read bit 


Write bit 


Acknowledgement 
(acknowledge bit = logic 0) 


Not acknowledgement 
(acknowledge bit = logic 1) 


8b-t data byte to or from 
12C-bus 


Master 


Slave 


Transmitter 


Receiver 


DATA: 


MST 


SLY 


TRX 


REC 


MSTITRX mode 
SlSTA value 


o8H 
A START condition has been 
transmitted 


loH 
A repeated START condition 
has been transmitted 


18H 
SLA and W have been 
transmitted, ACK has been 
received 


20H 
SLA and W have been 
transmitted, ACK received 


28H 
DATA and SlDAT has been 
transmitted, ACK received 


30H 
DATA and SlDAT has been 
transmitted, ACK received 


38H 
Arbitration lost in SLA, AMI or 
DATA 


MST/REC mode 
SlSTA value 


38H 
Arbitration lost while returning 
ACK 


40H 
SLA and R have been 
transmitted, ACK received 


48H 
SLA and R have been 
transmitted, ACK received 


50H 
DATA has been received, ACK 
returned 


58H 
DATA has been received, ACK 
returned 


SLVlREC mode 
SlSTA value 


60H 
Own SLA and W have been 
received, ACK returned 


68H 
Arbitration lost in SLA, AMI as 
MST. Own SLA and W have 
been received, ACK returned 


70H 
General CALL has been 
received, ACK returned 


78H 
Arbitration lost in SLA, RIW as 
MST. General call has been 
received 


80H 
Previously addressed with own 
SLA. DATA byte received, ACK 
returned 


88H 
Previously addressed with own 
SLA. DATA byte received, ACK 
returned 


90H 
Previously addressed with 
general call. DATA byte has 
been received, ACK has been 
returned 


98H 
Previously addressed with 
general call. DATA byte has 
been received, ACK has been 
returned 


AoH 
- 
A STOP condition or repeated 
START condition has been 
received while still addressed 
as SLV/REC or SLVITRX. 


SLVITRX mode 
SlSTAvalue 


A8H 
Own SLA and R have been 
received, ACK returned 


BoH 
Arbitration lost in SLA, RIW as 
MST. Own SLA and R have 
been received, ACK returned 


B8H 
DATA byte has been 
transmitted, ACK returned 


CoH 
DATA byte has been 
transmitted, ACK returned 


C8H 
Last DATA byte has been 
transmitted (AA = logic 0), ACK 
received 


Miscellaneous 
SlSTA value 


OOH 
Bus error during MST mode or 
selected (AA = logic 0), ACK 
received 


This register contains the serial data to be 
transmitted or data which has been received. 
Bit 7 is transmitted or received first; i.e. data 
is shifted from right to left. 


a = general call address 
is not recognized 


1 = general call address 


recognized 


own slave address 


This 8-bit register may be loaded with the 
7-bit slave address to which the controller will 
respond when programmed as a slave 
receiverltransmitter. The LSB (GC) is used to 
determine whether the general call address is 
recognized. 


1.9 Interrupt 
System 


External events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronously to the execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution a multiple-source, 
two-priority-Ievel, nested interrupt system is 
provided. Interrupt response time in a 
single-interrupt system is in the range from 
2.25us to 6.75 us when using a 16 MHz 
crystal. The latency time depends on the 
sequence of instructions executed directly 
after an interrupt request. 


The 8xCE558 acknowledges interrupt 
requests from 15 sources as follows (see 
Figure 19): 


• 
UART serial I/O port receiveltransmit 
interrupt 


• 
12C-bus interiace serial I/O interrupt 


• 
ADC autoscan completion interrupt 


• 
'Seconds' timer interrupt SEC (ORed with 
INT1) 


• 
fIIITOandlJ\lTT external interrupts 


• 
Timer a and TImer 1 internal timer/counter 
interrupts 


• 
Timer 2 internal timer/counter byte and/or 
16-bit overilow, 3 compare and 4 capture 
interrupts (or 4 additional external 
interrupts). (1) 


The External Interrupts JNTlj and JlIlTT can 
each be either level-activated or 
transition-activated, depending on bits ITa 
and IT1 in register TCON. The flags that 
actually generate these interrupts are bits lEa 
and IE1 in TCON. When an external interrupt 
is generated, the corresponding request flag 
is cleared by the hardware when the service 
routine is vectored to only if the interrupt was 
transition-activated. 
If the interrupt was 


level-activated then the interrupt request flag 
Iemains set until the external interrupt pin 
TJillx goes high. Consequently the external 
source has to hold the request active until the 
requested interrupt is actually generated. 
Then it has to deactivate the request before 
the interrupt service routine is completed, or 
else another interrupt will be generated. As 
these external interrupts are active LOW a 
"wire-ORing" of several interrupt sources to 
one input pin allows expansion. 


The Timer a and Timer 1 Interrupts are 
generated by TFO and TF1, which are set by 
a rollover in their respective timer/counter 
register (except for Timer a in Mode 3 of the 
serial interface). When a Timer interrupt is 
generated, the flag that generated it is 
cleared by the on-chip hardware when the 
service routine is vectored to. 


The eight Timer/Counter T2 Interrupt sources 
are: 4 capture Interrupts e), 3 compare 
interrupts and an overflow interrupt. The 
appropriate interrupt request flags must be 
cleared by software. 


The UART Serial Port Interrupt is generated 
by the logical OR of RI and TI. Neither of 
these flags is cleared by hardware. The 
service routine will normally have to 
determine whether it was RI or TI that 
generated the interrupt, and the bit will have 
to be cleared by software. 


The 12C Interrupt is generated by bit SI in 
register S1CON. This flag has to be cleared 
by software. 


The ADC Interrupt is generated by bit ADINT, 
which is set when of all selected analog 
inputs to be scanned, the conversion is 
finished. ADINT must be cleared by software. 
It cannot be set by software. 


All of the bits that generate interrupts can be 


set or cleared by software, with the same 
result as though it had been set or cleared by 
hardware (except the ADC interrupt request 
flag ADINT, which cannot be set by software). 
That is, interrupts can be generated or 
pending interrupts can be cancelled in 
software. 


The Interrupts XO,TO, X1, T1. SEC, SOand 
S1 are capable to terminate the Idle Mode. 


Interrupt 
Enable Registers 
Each interrupt source can be individually 
enabled or disabled by setting or clearing a 
bit in the interrupt enable special function 
registers lENa and IEN1. All interrupt sources 
can also be globally enabled or disabled by 
setting or clearing bit EA in lENa. The 
interrupt enable registers are described in 
Figures 20 and 21. 


Interrupt 
Priority 
Structure 
Each interrupt source can be assigned one of 
two priority levels. Interrupt priority levels are 
defined by the interrupt priority special 
function registers IPOand IP1. IPOand IP1 
are described in Figures 22 and 23. 


Interrupt priority levels are as follows: 
"O"-Iow 
priority 


"1"-high 
priority 


A low priority interrupt may be interrupted by 
a high priority interrupt. A high priority 
interrupt cannot be interrupted by any other 
interrupt source. If two requests of different 
priority occur simultaneously, the high priority 
level request is serviced. If requests of the 
same priority are received simultaneously, an 
internal polling sequence determines which 
request is serviced. Thus. within each priority 
level, there is a second priority structure 
determined by the polling sequence. This 
second priority structure is shown in Table 8. 


Interrupt 
Handling 
The interrupt sources are sampled at S5P2 of 
every machine cycle. The samples are polled 
during the following machine cycle. If one of 
the flags was in a set condition at S5P2 of the 
previous machine cycle, the polling cycle will 
find it and the interrupt system will generate 
an LCALL to the appropriate service routine, 
provided this hardware- generated LCALL is 
not blocked by any of the following 
conditions: 


1. An interrupt of higher or equal priority 


level is already in progress. 


2. The current machine cycle is not the final 


cycle in the execution of the instruction in 
progress. (No interrupt request will be 
serviced until the instruction in progress is 
completed.) 


3. The instruction in progress is RETI or any 


access to the interrupt priority or interrupt 
enable registers. (No interrupt will be 
serviced after RETI or after a read or write 
to IPO, IP1, lEO, or IE1 until at least one 
other instruction has been subsequently 
executed.) 


The polling cycle is repeated with every 
machine cycle, and the values polled are the 
values present at S5P2 of the previous 
machine cycle. Note that if an interrupt flag is 
active but is not being responded to because 
of one of the above conditions, and if the flag 
is inactive when the blocking condition is 
removed, then the blocked interrupt will not 
be serviced. Thus, the fact that the interrupt 
flag was once active but not serviced is not 
remembered. Every polling cycle is new. 


The processor acknowledges an interrupt 
request by executing a hardware-generated 
LCALL to the appropriate service routine. In 
some cases it also clears the flag which 
generated the interrupt, and in others it does 
not. It clears the Timer 0, Timer 1, and 
external interrupt flags. An external interrupt 
flag (IEO or IE1) is cleared only if it was 
transition-activated. 
All other interrupt flags 


are not cleared by hardware and must be 
cleared by the software. The LCALL pushes 
the contents of the program counter on to the 
stack (but it does not save the PSW) and 
reloads the PC with an address that depends 
on the source of the interrupt being vectored 
to as shown in Table 9. 


Execution proceeds from the vector address 
until the RETI instruction is encountered. The 
RETI instruction clears the "priority level 
active" flip-flop that was set when this 
interrupt was acknowledged. It then pops the 
top two bytes from the stack and reloads the 
program counter. Execution of the interrupted 
program continues from where it was 
interrupted. 


Note 1): 
If a capture register is unused and it's contents is of no interest, then the corresponding input pin CTnl/P1.n (n: 0...3) may be 


used as a (configurable) positive and/or negative edge triggered additional external interrupt input (INT2, INT3, INT4, INT5). 
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Figure 19. The Interrupt System 


Global 
enable/disable 
control 


0= 
No Interrupt 
Is enabled 
1 = Any Individually 
enabled 
Interrupt 
will 


be accepted 


Enable 
ADC Interrupt 


Enable 
5101 (12C) Inlerrupt 


Enable 
5100 
(UART) 
interrupt 


Enable 
Timer 
l/Seconds 
Interrupt 


Enable 
External 
interrupt 
1 


Enable 
Timer 
0 Interrupt 


Enable 
External 
Interrupt 
0 


IEN1.7 


IEN1.6 


IEN1.5 


IEN1.4 


IEN1.3 


IEN1.2 


IEN1.1 


IEN1.0 


ET2 
Enable 
T2 overflow 
Interrupt(s) 


ECM2 
Enable 
T2 comparator 
2 Interrupt 


ECMl 
Enable 
T2 comparator 
1 Interrupt 


ECMO 
Enable 
T2 comparator 
0 Interrupt 


ECT3 
Enable 
T2 capture 
register 
3 Interrupt 


ECT2 
Enable 
T2 capture 
register 
2 Interrupt 


ECTl 
Enable 
T2 capture 
register 
1 Interrupt 


ECTO 
Enable 
T2 capture 
register 
0 Interrupt 


IENO.6 


IENO.5 


IENO.4 


IENO.3 


IENO.2 


IENO.l 


IENO.O 


Reserved 
for future 
use 


PAD 
ADC Interrupt 
priority 
level 


PSl 
5101 (12C) interrupt 
priority 
level 


PSO 
5100 
(VART) 
interrupt 
priority 
level 


PTl 
Timer 
1 Interrupt 
priority 
level 


PXl 
External 
interrupt 
l/Seconds 
Interrupt 
priority 
level 


PTO 
TImer 
0 Interrupt 
priority 
level 


PXO 
External 
Interrupt 
0 priority 
level 


T2 overflow 
Interrupt(s) 
priority 
level 


T2 comparator 
2 Interrupt 
priority 
level 


T2 comparator 
1 Interrupt 
priority 
level 


T2 comparator 
0 Interrupt 
priority 
lever 


T2 capture 
register 
3 Interrupt 
priority 
level 


T2 capture 
register 
2 interrupt 
priority 
level 


T2 capture 
register 
1 Interrupt 
priority 
level 


T2 capture 
register 
0 Interrupt 
priority 
level 


SOURCE 
NAME 
PRIORITY WITHIN LEVEL 


(highest) 
External interrupt 0 
XO 
i 
5101 (12C) 
51 


ADC completion 
ADC 
Timer 0 overflow 
TO 


T2 capture 0 
CTO 


T2 compare 0 
CMO 


External interrupt 1/seconds 
interrupt 
X1/SEC 
T2 capture 1 
CT1 


T2 compare 1 
CM1 


Timer 1 overflow 
T1 


T2 capture 2 
CT2 


T2 compare 2 
CM2 


SIOO (UART) 
SO 


T2 capture 3 
CT3 
Timer T2 overflow 
T2 
-l- 


(lowest) 


SOURCE 
NAME 
VECTOR ADDRESS 


External interrupt 0 
XO 
0003H 
TImer 0 overflow 
TO 
OOOBH 


External interrupt l/seconds 
interrupt 
X1/SEC 
0013H 
TImer 1 overflow 
T1 
001BH 
SIOO (UART) 
SO 
0023H 
SI01 (12C) 
Sl 
002BH 
T2 capture 0 
CTO 
0033H 
T2 capture 1 
CT1 
003BH 


T2 capture 2 
CT2 
0043H 


T2 capture 3 
CT3 
004BH 


ADC completion 
ADC 
0053H 


T2compare 
0 
CMO 
005BH 


T2 compare 1 
CM1 
0063H 
T2 compare 2 
CM2 
006BH 
T2 overflow 
. 
T2 
0073H 


7 
6 
5 
4 
3 
2 
0 


PCON (87H) 
~IS_M_O_D_•••••_A_R_D_~ 
__ R_FI 
W_L_E 
G_F_1 
G_F_O 
P_D 
ID_L 
__ 


Double Baud rate bit. When set to logic 1 the baud rate is doubled 
when the serial port SIOO is being used in modes 1, 2, or 3. 


AUX-RAM disable bit. When set to a 1 the internal 
7G8-byte AUX-RAM 


is disabled, 
so that all MOVX-Instructions 
access the external 
data 


memory - as it is with the standard 
PCB80C51. 


Reduced radio frequency 
interference 
bit. When set to a 1 the toggling 


of ALE pin is prohibited. 
This bit is cleared on RESET (see also sections 


Features (EMC) and Pinning). 


Watchdog 
load enable. This flag must be set by software 
prior to 


loading timer T3 (watchdog 
timer). It is cleared when timer T3 is 


loaded. 
General-purpose 
flag bit 
General-purpose 
flag bit 
Power-down 
bit. Setting this bit activates 
the power-down 
mode. 


It can only be set if input EW is high. 


Idle mode bit. Setting this bit activates 
the idle mode. 


PCON.3 
GF1 
PCON.2 
GFO 
PCON.1 
PO 


1.10 
Power reduction 
modes 
Two software-selectable 
modes of reduced 
power consumption are implemented. These 
are the Idle Mode and the Power-down 
Mode. 


Idle Mode operation permits the interrupt, 
serial ports and timer blocks TO, Tl and T3 to 
function while the CPU is halted. The 
following functions are switched off when the 
microcontroller enters the Idle Mode: 


(halted) 


(stopped and reset) 


(reset, output = HIGH) 


(aborted if conversion 
in progress) 


The following functions remain active during 
idle Mode. These functions may generate an 
interrupt or reset and thus terminate the Idle 
Mode: 


• 
Timer 0, nmer 1, nmer 3 (Watchdog 
timer) 


• 
UART 


• 
1 


2 
C 


• 
PWMO, PWMI 


• 
AOC 


• 
Extemal interrupt 


• 
Second nmer 


In Power-down Mode the system clock is 
halted. If the Pll 
oscillator is selected 
(SElXTAll 
= 0) and the RUN32 bit is set, 


the 32 kHz oscillator keeps running, 
otherwise its stopped. If the HF-oscillator 
(SElXTAll 
= 1) is selected, it is freezed after 


setting the bit PO in the PCON register. 


1.10.1 Power Control 
Register 
The modes Idle and Power-down are 
activated by software via the Special 
Function Register PCON. Its hardware 
address is 87h. PCON is not bit addressable. 
The reset value of PCON is (00000000). 


1.10.2 Idle Mode 
The instruction that sets PCON.O is the last 
instruction executed in the normal operating 
mode before Idle mode is activated. Once in 
the Idle mode, the CPU status is preserved in 
its entirety: the Stack Pointer, Program 
Counter, Program Status Word, Accumulator, 
RAM and all other registers maintain their 
data during Idle mode. 


There are three ways to terminate the Idle 
mode: 


Activation of any enabled interrupt XO,TO, 
Xl, SEC, Tl, SO or SI will cause PCON.O to 
be cleared by hardware terminating Idle 
mode. The interrupt is serviced, and following 
return from interrupt instruction RETI, the 
next instruction to be executed will be the one 
which follows the instruction that wrote a logic 
1 to PCON.O. 


The flag bits GFO and GFI may be used to 
determine whether the interrupt was received 
during normal execution or during Idle mode. 
For example, the instruction that writes to 
PCON.O can also set or clear one or both flag 
bits. When Idle mode is terminated by an 
interrupt, the service routine can examine the 
status of the flag bits. 


The second way of terminating the Idle mode 
is with an external hardware reset. Since the 
oscillator is still running, the hardware reset is 
required to be active for two machine cycles 
(24 HF oscillator periods) to complete the 
reset operation if the HF oscillator is selected. 


MODE 
MEMORY 
ALE 
J5SEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 
PORT 4 
SCUSDA 
J5WM01J5WMT 


Idle 
Internal 
1 
1 
data 
data 
data 
data 
data 
operative (1) 
HIGH 


Idle 
External 
1 
1 
high - Z 
data 
Address 
data 
data 
operative (1) 
HIGH 


Power-down 
Internal 
0 
0 
data 
data 
data 
data 
data 
high-Z 
HIGH 


Power-down 
External 
0 
0 
high - Z 
data 
data 
data 
data 
high-Z 
HIGH 


NOTE: 
1. In Idle Mode SCl and SOA can be active as outputs only if SIOI is enabled; if SIOI is disabled (SICON.6/ENSI 
= 0) these pins are in a 


high-impedance state. 


Interrupts, 
Serial 
Ports, 


TO, n,T3 


When me PLL oscillator is selected a 
hardware reset of;o,1~sec is required and the 
microcontroller restarts within 63 msec after 
the reset has finished. 


The third way of terminating the Idle mode is 
by internal watchdog reset. The 
microcontroller restarts after 3 machine 
cycles in all cases. 


1.10.3 Power-down 
mode 


The instruction that sets PCON.1 is the last 
executed prior to going into the Power-down 
mode. Once in Power-down mode, the HF 
oscillator is stopped. The 32 KHz oscillator 
may stay running. The content of the on-chip 
RAM and the Special Function Registers are 
not saved. Note that the Power-down mode 
can not be entered when the watchdog has 
been enabled. 


The Power-down mode can be terminated by 
an ex1emal RESET in the same way as in the 
80C51 (RAM is saved, SFRs are cleared due 
to RESET) or in addition by anyone of the 
ex1ernal interrupts, llIlTO, TJiITT or Seconds 
interrupt. (see description Wake-up from 
Power-down mode) 


The status of the external pins during 
Power-down mode is shown in Table 10. If 
the Power-down mode is activated while in 
ex1emal program memory, the port data that 
is held in the Special Function Register P2 is 
restored to Port 2. If the data is a logic1, the 
port pin is held HIGH during the Power-down 
mode by the strong pull-up transistor P1 (see 
Figure 5) 


1.10.4 Wake-up from Power-down 
Mode 


The Power-down mode of the 8xCE558 can 
also be terminated by anyone of the three 


enabled interrupts, llIlTO, TJiITT or Seconds 
interrupt. 


A termination with these interrupts do not 
affect the internal data memory and does not 
affect the Special Function Registers. This 
gives the possibility to exit Power-down 
without changing the port output levels. To 
terminate the Power-down mode with an 
ex1ernal interrupt, llIlTO or TfIT1 must be 
switched to be level-sensitive and must be 
enabled. The ex1ernal interrupt input signal 
llIlTO or TJiITT must be kept LOW till the 
oscillator has restarted and stabilized (see 
Figure 26) in order to prevent any interrupt 
priority problems during wake-up. A Seconds 
interrupt will terminate the Power-down mode 
if enabled and TJiITT is level sensitive. 
Wake-up time is 60 ms in this case. The 
priority of the desired wake-up interrupt 
should be higher than the priorities of all 
other enabled interrupt sources. The 
instruction following the one that put the 
device into the Power-down mode will be the 
first one which will be executed after the 
wake-up. 


1.11 Oscillator 
circuits 
The input signal SELXTAL 1 selects for 
XTAL1, 2 oscillator (standard 80C51) or the 
PLL oscillator. The not selected oscillator is 
halted and its XTAL pin must be not 
connected. 


1.11.1 XTAL1, 2 Oscillator 
circuit 
(standard 
80C51) 
The oscillator circuit of the 8xCE558 is a 
single-stage inverting amplifier in a Pierce 
oscillator configuration. The circuitry between 
the XTAL 1 and XTAL2 is basically an inverter 
biased to the transfer point. Either a crystal or 


ceramic resonator can be used as the 
feedback element to complete the oscillator 
circuitry. Both are operated in parallel 
resonance. XTAL 1 is the high gain amplifier 
input, and XTAL2 is the output (see Figure 
27). To drive the 8xCE558 ex1ernally, XTAL1 
is driven from an external source and XTAL2 
left open-circuit (see Figure 28). 


1.11.2 XTAL3, 4 circuitry, 
PLL oscillator 
See appendix 1, "Specification PLL oscillator 
for 80C51 derivatives." 


1.12 Reset Circuitry 
The reset input pin RSTIN is connected to a 
Schmitt trigger for noise reduction (see 
Figure 29). Is the HF-oscillator selected a 
reset is accompiished by holding the RSTIN 
pin HIGH for at least 2 machine cycles (24 
system clock periods). Is the PLL-oscillator 
selected the RSTIN-pulse must have a width 


of 1 llS at least, independent of the 32 kHz- 
oscillator is running or not (see PLL 
description). The CPU responds by executing 
an internal reset. The RSTOUT pin 
represents the signal resetting the CPU and 
can be used to reset peripheral devices. 


The RSTOUT level also could be high due to 
a Watchdog timer overflow. 


The length of the output pulse from T3 is 3 
machine cycles. A pulse of such short 
duration is necessary in order to recover from 
a processor or system fauit as fast as 
possible. 


During reset, ALE and F'SEN output a HIGH 
level. In order to perform a correct reset, this 
level must not be affected by external 
elements. 


32 KHz oscillator 
stopped 
running 


• 1.. 
oscillator 
start 
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~I" 
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~I" 
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interrupts 
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llIlTO : 2 cycles 
TJiITT : 1 cycle 


.~ 


LCALL 


A reset leaves the internal registers as 
follows: 


REGISTER 
CONTENT 


ACC 
0000 
0000 
ADCON 
xxOO 
0000 
ADRSH 
xxxx 
xxxx 
ADPSS 
0000 
0000 
ADRSLO-7 
xxxx 
xxxx 
B 
0000 
0000 
CMLO-CML2 
0000 
0000 
CMHO-CMH2 
0000 
0000 
CTCON 
0000 
0000 
CTLO-CTL3 
xxxx 
xxxx 
CTHO-CTH3 
xxxx 
xxxx 
DPL 
0000 
0000 
DPH 
0000 
0000 
FMCON 
OOOx 
0000 
lEND 
0000 
0000 
IEN1 
0000 
0000 
IPO 
xOOO 
0000 
IP1 
0000 
0000 
PCON 
0000 
0000 
PLLCON 
0000 
1101 
PSW 
0000 
0000 
PWMO 
0000 
0000 
PWM1 
0000 
0000 
PWMP 
0000 
0000 
PO-P4 
1111 
1111 
P5 
xxxx 
xxxx 
RTE 
0000 
0000 
SOBUF 
xxxx 
xxxx 
SOCON 
0000 
0000 
S1ADR 
0000 
0000 
S1CON 
0000 
0000 
S1DAT 
0000 
0000 
S1STA 
1111 
1000 
SP 
0000 
0111 
STE 
1100 
0000 
TCON 
0000 
0000 
THO, TH1 
0000 
0000 
TMH2 
0000 
0000 
TLO, TL 1 
0000 
0000 
TML2 
0000 
0000 
TMOD 
0000 
0000 
TM2CON 
0000 
0000 
TM21R 
0000 
0000 
T3 
0000 
0000 
XRAMP 
xxxx 
xxOO 


The internal RAM is not affected by reset. At 
power-on, the RAM content is indeterminate. 


1.13 
Power-on 
Reset 
An automatic reset can be obtained by 
switching on VDD,If the RSTIN pin is 
connected to VDD via a capacitor, as shown 
in Figure 30. Is the HF oscillator selected the 
VDDrise time must not exceed 10 ms and the 
capacitor should be at least 2.2 ~F. The 
decrease of the RSTIN pin voltage depends 
on the capacitor and the internal resistor 
RRST.That voltage must remain above the 
lower threshoid for at minimum the 
HF-oscillator start-up time plus 2 machine 
cycles. Is the PLLC-oscillator selected a 0.1 
nF capacitor is sufficient to obtain an 
automatic reset. 


Quartz 
crystal 
or ceramic --..... 
C1 
resonator 
D-'=--------' 
.1 C2 
~ 


External 
clock 
XTAL1 
signal 


2.0 
INSTRUCTION 
SET 
The 8xCE558 uses the powerful instruction 
set of the PCB80C51. It consists of 49 
single-byte, 45 two-byte and 17 three-byte 
instructions. Using a 16 MHz quartz, 64 of 
the instructions are executed in 0.75 I1s,45 in 
1,5 I1sand the multiply, divide instructions in 
311S. 


A summary of the instruction set is given in 
Table 11. 


The 8xCE558 has additional Special Function 
Registers to control the on-chip peripherals. 


2.1 
Addressing 
Modes 


Most instructions have a "destination, source" 
field that specifies the data type, addressing 
modes and operands involved. For all these 
instructions, except for MOVs, the 


destination operand is also the source 
operand 
(e.g. ADD A,R7). 


There are five kinds of addressing modes: 


• 
Register Addressing 


RO- R7 (4 banks) 


- 
A,B,C (bit), AB (2 bytes), DPTR (double 
byte) 


• 
Direct Addressing 


lower 128 bytes of internal Main RAM 
(including the 4 RO-R7 register banks) 


Special Function Registers 1 


28 bits in a subset of the internal Main 
RAM 


128 bits in a subset of the Special 
Function Registers 


SoCS1 FAMILY INSTRUCTION 
SET 


Table 11. SOCS1 Instruction 
Set Summary 


• 
Register-Indirect Addressing 


internal Main RAM (@RO, @R1, @SP 
[PUSH/POP]) 


internal Auxiliary RAM (@RO, @R1, 
@DPTR) 


external Data Memory (@RO, @R1, 
@DPTR) 


• 
Immediate Addressing 


- 
Program Memory (in-code 8 bit or 16 bit 
constant) 


• 
Base-Register-plus 
Index-Register-Indirect 
Addressing 


- 
Program Memory look-up table 
(@DPTR+A, @PC+A) 


The first three addressing modes are usable 
for destination operands. 


Instruction 
Flag 
Instruction 
Flag 


C 
OV 
AC 
C 
OV 
AC 


ADD 
X 
X 
X 
CLRC 
0 
ADDC 
X 
X 
X 
CPLC 
X 
SUBB 
X 
X 
X 
ANL C,bit 
X 


MUL 
0 
X 
ANL C,lbit 
X 
DIV 
0 
X 
ANL C,bit 
X 
DA 
X 
ORL C,lbit 
X 


RRC 
X 
MOVC,bit 
X 


RLC 
X 
CJNE 
X 


SETBC 
1 


@Ri 


#data 


#data 16 


addr 16 


Notes on instruction 
set and addressing 
modes: 


Register R7-ROof the currently selected Register Bank. 


8-bit internal data location's address. This could be an Internal Data RAM location (0-127) or a SFR [i.e., 1/0 port, 
control register, status register, etc. (128-255)]. 


8-bit internal data RAM location addressed indirectiy through register R1 or ROof the actual register bank .. 


8-bit constant included in the instruction. 


16-bit constant included in the instruction 


16-bit destination address. Used by LCALL and LJMP. A branch can be anywhere within the 64k-byte Program 
Memory address space. 


11-bit destination address. Used by ACALL and AJMP. The branch will be within the same 2k-byte page of 
program memory as the first byte of the following instruction. 


Signed (two's complement) 8-bit offset byte. Used by SJMP and all conditional jumps. Range is -128 to +127 
bytes relative to first byte of the following instruction. 


Direct Addressed bit in Internal Data RAM or Special Function Register. 


MNEMONIC 
DESCRIPTION 
BYTE 
CYCLES 


ARITHMETIC OPERATIONS 


ADD 
A,Rn 
Add register to Accumulator 
1 
1 


ADD 
A,direct 
Add direct byte to Accumulator 
2 
1 


ADD 
A,@Ri 
Add indirect RAM to Accumulator 
1 
1 


ADD 
A,#data 
Add immediate data to Accumulator 
2 
1 


ADDC 
A,Rn 
Add register to Accumulator with carry 
1 
1 


ADDC 
A,direct 
Add direct byte to Accumulator with carry 
2 
1 


ADDC 
A,@Ri 
Add indirect RAM to Accumulator with carry 
1 
1 


ADDC 
A,#data 
Add immediate data to Ace with carry 
2 
1 


SUBB 
A,Rn 
Subtract Register from Ace with borrow 
1 
1 


SUBB 
A,direct 
Subtract direct byte from Ace with borrow 
2 
1 


SUBB 
A,@Ri 
Subtract indirect RAM from Ace with borrow 
1 
1 


SUBB 
A,#data 
Subtract immediate data from Ace with borrow 
2 
1 


INC 
A 
Increment Accumulator 
1 
1 


INC 
Rn 
increment register 
1 
1 


INC 
direct 
Increment direct byte 
2 
1 


INC 
@Ri 
Increment indirect RAM 
1 
1 


DEC 
A 
Decrement Accumulator 
1 
1 


DEC 
Rn 
Decrement Register 
1 
1 


DEC 
direct 
Decrement direct byte 
2 
1 


DEC 
@Ri 
Decrement indirect RAM 
1 
1 


INC 
DPTR 
Increment Data Pointer 
1 
2 


MUL 
AB 
Multiply A and B 
1 
4 


DIV 
AB 
Divide A by B 
1 
4 


DA 
A 
Decimal Adjust Accumulator 
1 
1 


LOGICAL OPERATIONS 


ANL 
A,Rn 
AND Register to Accumulator 
1 
1 


ANL 
A,direct 
AND direct byte to Accumulator 
2 
1 


ANL 
A,@Ri 
AND indirect RAM to Accumulator 
1 
1 


ANL 
A,#data 
AND immediate data to Accumulator 
2 
1 


ANL 
direct,A 
AND Accumulator to direct byte 
2 
1 


ANL 
direct,#data 
AND immediate data to direct byte 
3 
2 


ORL 
A,Rn 
OR register to Accumulator 
1 
1 


ORL 
A,direct 
OR direct byte to Accumulator 
2 
1 


ORL 
A,@Ri 
OR indirect RAM to Accumulator 
1 
1 


ORL 
A,#data 
OR immediate data to Accumulator 
2 
1 


ORL 
direct,A 
OR Accumulator to direct byte 
2 
1 


ORL 
direct,#data 
OR immediate data to direct byte 
3 
2 


XRL 
A,Rn 
Exclusive-OR register to Accumulator 
1 
1 


XRL 
A,direct 
Exclusive-OR direct byte to Accumulator 
2 
1 


MNEMONIC 
DESCRIPTION 
BYTE 
CYCLES 


LOGICAL OPERATIONS (Continued) 


XRL 
A,@Ri 
Exclusive-OR indirect RAM to Accumulator 
1 
1 


XRL 
A,#data 
Exclusive-OR immediate data to Accumulator 
2 
1 


XRL 
direct,A 
Exclusive-OR Accumulator to direct byte 
2 
1 


XRL 
direct,#data 
Exclusive-OR immediate data to direct byte 
3 
2 


CLR 
A 
Clear Accumulator 
1 
1 


CPL 
A 
Complement Accumulator 
1 
1 


RL 
A 
Rotate Accumulator left 
1 
1 


RLC 
A 
Rotate Accumulator left through the carry 
1 
1 


RR 
A 
Rotate Accumulator right 
1 
1 


RRC 
A 
Rotate Accumulator right through the carry 
1 
1 


SWAP 
A 
Swap nibbles within the Accumulator 
1 
1 


DATA TRANSFER 


MOV 
A,Rn 
Move register to Accumulator 
1 
1 


MOV 
A,direct 
Move direct byte to Accumulator 
2 
1 


MOV 
A,@Ri 
Move indirect RAM to Accumulator 
1 
1 


MOV 
A,#data 
Move immediate data to Accumulator 
2 
1 


MOV 
Rn,A 
Move Accumulator to register 
1 
1 


MOV 
Rn,direct 
Move direct byte to register 
2 
2 


MOV 
RN,#data 
Move immediate data to register 
2 
1 


MOV 
direct,A 
Move Accumulator to direct byte 
2 
1 


MOV 
direct,Rn 
Move register to direct byte 
2 
2 


MOV 
direct,direct 
Move direct byte to direct 
3 
2 


MOV 
direct,@Ri 
Move indirect RAM to direct byte 
2 
2 


MOV 
direct,#data 
Move immediate data to direct byte 
3 
2 


MOV 
@Ri,A 
Move Accumulator to indirect RAM 
1 
1 


MOV 
@Ri,direct 
Move direct byte to indirect RAM 
2 
2 


MOV 
@Ri,#data 
Move immediate data to indirect RAM 
2 
1 


MOV 
DPTR,#data16 
Load Data Pointer with a 16-bit constant 
3 
2 


MOVC 
A,@A+DPTR 
Move Code byte relative to DPTR to Aee 
1 
2 


MOVC 
A,@A+PC 
Move Code byte relative to PC to Aee 
1 
2 


MOVX 
A,@Ri 
Move external RAM (8-bit addr) to Aee 
1 
2 


MOVX 
A@DPTR 
Move external RAM (16-bit addr) to Aee 
1 
2 


MOVX 
A,@Ri,A 
Move Ace to external RAM (8-bit addr) 
1 
2 


MOVX 
@DPTR,A 
Move Aee to external RAM (16-bit addr) 
1 
2 


PUSH 
direct 
Push direct byte onto stack 
2 
2 


POP 
direct 
Pop direct byte from stack 
2 
2 


XCH 
A,Rn 
Exchange register with Accumulator 
1 
1 


XCH 
A,direct 
Exchange direct byte with Accumulator 
2 
1 


XCH 
A,@Ri 
Exchange indirect RAM with Accumulator 
1 
1 


XCHD 
A,@Ri 
Exchange low-order digit indirect RAM with Aee 
1 
1 


MNEMONIC 
DESCRIPTION 
BYTE 
CYCLES 


BOOLEAN VARIABLE MANIPULATION 


CLR 
C 
Clear carry 
1 
1 


CLR 
bit 
Clear direct bit 
2 
1 


SETB 
C 
Set carry 
1 
1 


SETB 
bit 
Set direct bit 
2 
1 


CPL 
C 
Complement carry 
1 
1 


CPL 
bit 
Complement direct bit 
2 
1 


ANL 
C,bit 
AND direct bit to carry 
2 
2 


ANL 
C,/bit 
AND complement of direct bit to carry 
2 
2 


ORL 
C,bit 
OR direct bit to carry 
2 
2 


ORL 
C,Ibit 
OR complement of direct bit to carry 
2 
2 


MOV 
C,bit 
Move direct bit to carry 
2 
1 


MOV 
bit,C 
Move carry to direct bit 
2 
2 


JC 
rei 
Jump if carry is set 
2 
2 


JNC 
rei 
Jump if carry not set 
2 
2 


JB 
rei 
Jump if direct bit is set 
2 
2 


JNB 
rei 
Jump if direct bit is not set 
2 
2 


JBC 
bit,rei 
Jump if direct bit is set and clear bit 
3 
2 


PROGRAM BRANCHING 


ACALL 
addr11 
Absolute subroutine call 
2 
2 


LCALL 
addr16 
Long subroutine call 
3 
2 


RET 
Retum from subroutine 
1 
2 


RETI 
Return from interrupt 
1 
2 


AJMP 
addr11 
Absolute jump 
2 
2 


LJMP 
addr16 
Long jurnp 
3 
2 


SJMP 
rei 
Short jump (relative addr) 
2 
2 


JMP 
@A+DPTR 
Jump indirect relative to the DPTR 
1 
2 


JZ 
rei 
Jump if Accumulator is zero 
2 
2 


JNZ 
rei 
Jump if Accumulator is not zero 
2 
2 


CJNE 
A,direct,rel 
Compare direct byte to Ace and jump if not equal 
3 
2 


CJNE 
A,#data,rei 
Compare immediate to Ace and jump if not equal 
3 
2 


CJNE 
RN,#data,rel 
Compare immediate to register and jump if not 
3 
2 
equal 


CJNE 
@Ri,#data,rel 
Compare immediate to indirect and jump if not 
3 
2 


equal 


DJNZ 
Rn,rel 
Decrement register and jump if not zero 
2 
2 


DJNZ 
direct,rel 
Decrement direct byte and jump if not zero 
3 
2 


NOP 
No operation 
1 
1 


3.0 
FLASH 
EEPROM 


3.1 General 


• 
32 kbyte electrically erasable internal 
program memory with Block-and 
Page-Erase option ("Flash Memory"). 


• 
Internal fixed boot ROM. 


• 
Up to 32 kbyte external program memory 
in combination with the internal 
FEEPROM <Ei'=1). 


• 
Up to 64 kbyte external program memory 
if the internal program memory is 
switched off <Ei'=0). 


The FEEPROM can be read and written 
byte-wise. Full Erase, Block Erase, and Page 
erase will erase 32 kbyte, 256 bytes and 32 
bytes respectively. In-circuit programming 
and out-of-circuit programming is possible. 
On-chip erase and write timing generation 
and on chip high voltage generation 
contribute to a user friendly interface. 


3.2 Features 
Read: 
byte-wise 
- Write: 
byte-wise within 2.5 ms. 
(previously erased by a 
page, block or full erase). 
- 
Erase: 
Page Erase (32 bytes) 
within 5 ms. Block Erase 
(256 bytes) within 5 ms. Full 
Erase (32 kbyte) within 5 
ms. Erased bytes contain 
FFH. 


Endurance: 100 erase and write cycles 


each byte at Tamb= 22°C 


Retention: 
10 years 


Out-of-circuit programming: 


Parallel programming with 
87C51 compatible hardware 
Interface to programmer. 


In-circuit programming: 
Serial programming via 
RS232 interface under boot 
ROM program control. Auto 
baud rate selection. Intel 
Hex Object file Format. 


- The user program can call routines in the 
boot ROM for erase, write and verify of 
the FEEPROM. 


High programming voltage generation: 
on chip 


- Zero point on-Chip oscillator and timer to 


generate the write and erase time 
durations. 


Programmable security for the code in 
the FEEPROM to prevent software 
piracy. The Security Byte is located in 
the highest address (7FFFH) of the 
FEEPROM. 


Supply voltage monitoring circuit on-chip 
to prevent loss of information in the 
FEEPROM during power-on and 
power-off. 


3.3 Memory map 
Figure 31 shows the memory map of the user 
program memory and the boot ROM. They 
are located in the same program address 
space. Two bits UBS1 and UBSOof the 
FEEPROM control special function register 
FMCON select between the two memory 
blocks. 


User program 
memory selection 
If UBS1 and UBSO are both 0, then the user 
program memory is mapped into the 64k 
program memory space and the boot ROM 
cannot be seiected. This is the situation after 
a reset when J5SEIiIand ALE have not been 
pulled down during reset. Program execution 
starts at OOOOHin the internal FEEPROM or 
in the external program memory dependent 
on the level of EA during reset. 


Boot ROM selection 
If UBS1 and UBSO are both '1' then the boot 
ROM is mapped into the 64k program 
memory space and the user program 
memory cannot be selected. This is the 
situation after a reset when during reset 
J5SEIiIand EA are pulled down while ALE 
stay high. Program execution starts at OOOOH 
of the boot ROM. The boot ROM size is 1 
kbyte and its address map is repeated after 
each 1k addresses. Besides serial the 
in-circuit programming routines the Boot 
ROM contains the routines for erase write 
and verify of the FEEPROM which can be 
called by the user program (LJMP/LCALL to 
the address space between 63k and 64k). 


Switching 
between user program 
memory 
and boot ROM 
Switching between user program memory 
(internal or external) and boot ROM is 
possible if UBS1 and UBSO are 0,1 or 1,0. 
Then in the program memory address space 
between 0 and 63k the user program memory 
is selected and in the memory space 
between 63k and 64k the boot ROM is 
selected. 


To switch from user program memory to boot 
ROM first UBSO must be set (UBS1 stay 0) 
and a jump or call instruction to a location 
>63k must be executed. At the moment of 
crossing the 63k address border by a call or 
jump instruction the switching between user 
and boot memory is performed without timing 
problems. 


To switch from boot ROM to user program 
memory the boot program will be running 
between 63k and 64k. UBS1 is set and UBSO 
is cleared and a jump or return instruction to 


a location <63k must be executed. At the 
moment of crossing the 63k address border 
by a jump or return instruction the switching 
from boot ROM to user memory (internal or 
external) is performed. After crossing the 63k 
address border UBS 1 is immediately cleared 
by hardware and the total 64k memory space 
is mapped as user program memory. By 
clearing UBS1 by hardware, no special 
requirements to the user program are 
necessary to do that after a boot routine or 
erase or write routine. 


A small restriction for memory switching is 
that no memory switching is allowed from or 
to the address space between 63k and 64k of 
the user program memory because the UBS 
bits must stay 0 in this range and no 63k 
address crossing would take place. This 
restriction can be avoided if the memory 
switching is aiways done by a subroutine in 
the address range between 0 and 63k. 


Description 
The user program code in the FEEPROM is 
executed as in the standard 80C51 
microcontroller. Erase and write cycles in the 
FEEPROM are always performed under 
control of the boot program in the boot ROM 
in the address space between 63k and 64k. 
Address and data parameters are passed via 
DPTR and accumulator A respectively. 
During an erase or write cycle in the 
FEEPROM no other access or program 
execution in the FEEPROM is possible. All 
interrupts must be disabled when the user 
program calls a user routine in the boot ROM. 


The boot routine for serial programming takes 
care of addressing, data transfer, 
blank-check, verify, high voltage contrOl, error 
message, interrupt disabling/enabling and 
return to the user program memory. It also 
contains the serial communication routine. 


The FEEPROM control register FMCON is a 
special function register. It contains the 
control bits for verify, write, erase and boot 
ROM switching. 


FMCON 
(FBH) 


7 


Note 1): 
Reserved for future use; a 


write operation must write "0" to the 
location 


External 
Program 
Memory 


7F::= f---se-c-u-rit-y--l 


Byte 
------- 


External 
Program 
Memory 
Internal 
Program 
Memory 


UBSl 
is cleared by hardware 
if program 
is executed 
below the 63k border and UBSO=O. 


In the program 
execution 
between 63k and 64k in the user program 
no call or jump to the BTROM 


is allowed. 


UBS1 
UBSO 
User - Boot selection 
bits 
" 


0 
0 
User memory mapped from 0 to 64k 
- 


0 
1 
User memory mapped from 0 to 63k 
Boot ROM mapped from 63k to 64k 


1 
0 
User memory mapped from 0 to 63k, but UBS1 bit cleared by hardware in this user address range. 
Boot ROM mapped from 63k to 64k_ 


1 
1 
Boot ROM mapped from 0 to 64k_ 


FCB3 
FCB2 
FCB1 
FCBO 
Function 
Code Bits 


0 
0 
0 
0 
Value after reset. 


0 
1 
0 
1 
By1eWrite or by1e read (verify) 


1 
1 
0 
0 
Page Erase (32 by1eboundaries). 


0 
0 
1 
1 
Block Erase (256 by1eboundaries)_ 


1 
0 
1 
0 
Full Erase (32k by1e). 


The four FCB bits are by write protected if the 
security feature is activated. Then only 
instructions in the internal program memory 
(FEEPROM) are able to write FCB3-0, boot 
ROM and external program memory 
instructions cannot change FCB3-0 except 
the full erase code can be loaded. 


The duration of a write or erase operation is 
determined by the FEEPROM timer. This 
timer includes a zero point RC oscillator and 
cannot be controlled by software_ 


For calling a user routine in the Boot ROM 
first all interrupts must be disabled and the 
DPTR and A have to be loaded with the 
desired values_ After setting UBSO = 1 and 
UBS1 = 0 and selecting the function via 
FCB-bits the respective user routine will be 
called. 


The table below iists the boot ROM user 
routines, which can be called by the user 
program. The content of FMCON, A and 
DPTR before calling is by (IN) and by (OUT) 


after described return. The boot ROM user 
routines do not change other registers or 
Data memory_ 


X 
don't care or not defined 
V 
verified by1e(read back) 


1) 
5 LSB's of DPTR are don't care 
2) 
5 LSB's of DPTR are "0" 
3) 
B LSB's of DPTR are don't care 
4) 
B LSB's of DPTR contain OBH. 


Example of user software (intemal or 
external) that calls the Page Erase routine in 
the boot-ROM to erase a page in the 
FEEPROM (32 by1es) starting at address 
location 1260H. 


CLR EA 
; Disable all interrupts 


MOV DPTR, # 1260H ; Load page-address 
MOV FMCON, # 4CH ; Load Page-Erase 


code 
LCALL OFFAAH 
; Call Page-Erase 
routine 


; in boot-ROM (5 ms) 


SETB EA 
; Enable interrupts 
again 


Example of user software (internal or 
externai) that calls the By1e-Write routine in 
the boot-ROM to write the content of R5 into 
the FEEPROM address location 1263H. 


CLK EA 
; Disable all interrupts 


MOV DPTR, # 1263H ; Load by1eaddress 


MOV A, R5 
; Load by1eto be 
written 


MOV FMCON, # 45H 
; Load by1e-write code 


LCALL OFFADH 
; Call by1e-write 
routine 
; in boot-ROM (2.5 ms) 


SETB EA ; Enable interrupts again 


XRL A, R5 
; Compare the 


"read-back" by1e 


JNZ 
; Jump if verify error 


BOOT-ROM 
CALL 
FMCON 
FMCON 
A 
A 
DPTR 
DPTR 
ROUTINE 
ADDRESS 
(IN) 
(OUT) 
(IN) 
(OUT) 
(IN) 
(OUT) 


BYTE READ 
FFBAH 
45H 
15H 
XXH 
BYTE 
BYTE ADDRESS 
BYTE ADDRESS 


BYTE WRITE 
FFADH 
45H 
15H 
BYTE 
BYTE (V) 
BYTE ADDRESS 
BYTE ADDRESS 


PAGE_ERASE 
FFAAH 
46H 
16H 
XXH 
OBH 
PAGE ADDRESS 1) 
PAGE ADDRESS 2) 


BLOCK_ERASE 
FFA5H 
43H 
13H 
XCXH 
02H 
BLOCK ADDRESS 3) 
BLOCK ADDRESS 4) 


FULL ERASE 
FFAOH 
4AH 
1AH 
XXH 
OAH 
XXXXH 
001BH 


3.4 Security 
The security feature protects against 
software piracy and prevents that the content 
of the FEEPROM can be read undesirable. 
The Security Byte is located in the highest 
address location 7FFFH of the FEEPROM 
and is the same as all other bytes of the 
FEEPROM. 


The Security Byte should be 0101OOOOBto 
activate and OOHor FFH to activate the 
security feature. This security code is chosen 
in such a way that single bit failures will not 
change the security mode. 


If the security feature is deactivated, then 
there are no access restrictions to the 
FEEPROM. 


if the security feature is activated, then the 
external program memory has no access to 
the FEEPROM with the MOVC instructions. 
Also bits FCB3-0 of FMCON cannot be 
written by external program code or boot 
ROM code. This prevents in-circuit 
programming and verification. Only the Full 
Erase code can be written to FCBO-3 of 
FMCON. At the end of a full erase operation 
the security feature is deactivated. Also 
parallel programming and verify is inhibited if 
the security feature is activated, only a full 


erase is possible. Note that the security 
mode does not change immediately when the 
security code is written into the security byte 
7FFFH, but after a reset or power-on. This 
allows the verification of the loaded code in 
the FEEPROM, including the Security Byte. 


3.5 Parallel programming 
Unlike standard EPROM programming, no 
high programming supply voltage must be 
appiied to the EA pin and only one 
programming pulse must be applied to the 
ALEJWE pin. The parallel programming 
mode is entered with the steady signals 
RST=1, PSEN=O, EA=1 and SELTAl1 = 1. 
The XTAL1, 2 clock must have a frequency 
between 4 and 6MHz. The following table 
shows the logic levels for programming, 
erasing, verifying and read signature. 


MODE 
ALEJWE P2.7 P2.6 P3.7 P3.6 


Full erase 
'--.J 
1 
1 
0 


Program 
FEEPROM 
L..J 
0 


Verifiy 
FEEPROM 
0 
0 


Read 
signature 
0 
0 
0 
0 


voo 


P1 
PO 


RSTIN 
EA: 


P3.6 
ALEIWE 


P3.7 
89CE558 
I'SEN 


XTAL2 
P2.7 


P2.6 


XTAl1 
P2.o.P2.5 


vss 
P3.4 


ALE~ 
Write Enable signal 
(program/erase), active low 


P2.6, P2.7, P3.6, P3.7 


output enable signal for 
verify/read modes, active low 


Data and address 
bits: 


PO.0-PO.7: DO- 07 
Program data input / 
verify or read data 
output 


P1.0-P1. 
: AO - A7 
Input low order address 
bits. 


P2.0-P2.5, P3.4 : A8 - A14 
Input high order 
address bits. 


The 89CE558 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
These bytes are read by the same procedure 
as for a normal verification of locations 30H 
and 31H, except that P3.6 and P3.7 need to 
be pulled to LOW. 


ADDRESS 


30H 
31H 


The 89CE558 has a Security Byte in location 
7FFFH (the highest address) of the 
FEEPROM, which should be programmed to 
0101OOOOBto activate the security feature. 


VOO 


P1 
PO 


RSTIN 
Ell: 


P3.6 
ALEIWE 


P3.7 
89CE558 
l'SER 


XTAL2 
P2.7 


P2.6 


XTAL1 
P2.G-P2.S 


VSS 
P3.4 


VOO 


P1 
PO 


RSTIN 
Ell: 


P3.6 
ALEIWE 


P3.7 
89CE558 
l'SER 


XTAL2 
P2.7 


P2.6 


XTAL1 
P2.G-P2.S 


VSS 
P3.4 


FEE PROM PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb = -40°C to +85°C. 
VOO = 5V±10%. 
Vss = OV (See Figure 35) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


111CLCL 
Oscillator 
frequency 
(standard 
oscillator) 
4 
6 
MHz 


tAVWL 
Address 
setup to WE LOW 
48teLCL 


tWHAX 
Address 
hold after WE HIGH 
48teLCL 


tovwL 
Data setup to WE LOW 
48teLCL 


tWHOX 
Data hold after WE HIGH 
48teLCL 
- 


tEHWL 
P2.7 (EIIASIT) 
HIGH to WE LOW 
48tCLCL 


tWHEL 
WE HIGH to P2.7 (EIIASIT) 
LOW 
48teLCL 


tWLWHp 
WE width (programming) 
2.25 
2.75 
ms 


tWLWHe 
WE width (erase) 
4.5 
5.5 
ms 


tAVOV 
Address 
to data valid 
48teLCL 


tELOV 
P2.7 TEJIlASCE) Low to data valid 
48tCLCL 


tEHOZ 
Data float after P2.7 (ENASI:EJ HIGH 
0 
48teLCL 


P1.0-P1.7 
P2.0-P2.5 
P3.4 


"FOR ERASE 
CONDITIONS 
SEE FIGURE 32. 
FOR PROGRAM 
CONDITIONS 
SEE FIGURE 
33. 


FOR VERIFY 
CONDITIONS 
SEE FIGURE 
34. 


3.6 
Serial programming 
of 
FEEPROM 
Serial in-circuit programming (boot-mode) is 
entered if during and after RESET ~ 
and 


EA are pulled down, ~ 
via a resistor of 2 


kOhm to VSS. The two UBS bits are set to 1 
by hardware and program execution starts at 
OOOOHof the boot ROM. P3.0 (RXD) and 
P3.1 (TXD) form the serial RS232 interface. 
A baud rate of 4800 or 9600 Baud is possible 
after reset (I'C clock is 11.01 MHz) if the PLL 
oscillator is selected. The receive and 
transmit channel have the same baud rate. 
The boot routine inputs the Intei Hex Object 
Format. The baud rate will be selected 
automatically after reception of the first 
character (:) of the object file. No other 
characters are allowed to precede the first (:) 
character. Programming is only started if the 
first received record has the right type 
indication (TT). if the security feature is 
activated then the programming starts with a 
Full Erase, otherwise only the addressed 
page(s) will be erased and the not alterated 
bytes are rewritten. During the erase or write 
operation the next string of bytes can be 
received. Xon and Xoff handshake codes are 
used to control the serial transfer. At the end 
of the programming a message that indicates 


a successful or not successful programming, 
will be returned over the RS232 interface 
channel. If the programming was successful 
then the user program can be started up at 
OOOOHin FEEPROM by a reset for user 
mode (EA; 
high, ~ 
not affected). If the 
programming was not successful the boot 
program halts and a retry can be started by a 
reset for the boot mode. 


3.6 
Boot Routine 
The boot routine transmits the next "one 
ASCII character" messages via the RS232 
interface:' 


After each record type IT ; OOH 
indication in the HEX file. 


" X" 
Checksum error of a record in the 
HEX file detected. 


, Y" 
Wrong record type received 


" Z " 
Buffer overflow error (Check XonlXoff 
of terminal) 


" R" 
Verification error (of last written byte) 


" V " 
End record received and programming 
of FEEPROM was successful 


No messages are transmitted if the baud rate 
of the first character (:) can not be detected. 


The boot routine can aiso be started by the 
internal or external user program (LJMP 
FC07H). FMCON must be loaded previously 
with 40H. Interrupt registers, stack pointer, 
Timer 0, UART, P3.0 and P3.1 must be in the 
reset state. EA and ~ 
must not be 


affected. A reset is needed to restart the user 
program after programming. 


The next baudrates will be detected 


automatically within the specified IlC clock 
range in MHz. 


Baudrate 
fClK (min) 
fClK (max) 


1200 
11) 
3.6 


2400 
21) 
7.3 


4800 
4 
19.711) 


9600 
7.9 
29.51) 


19200 
15.7 
591) 


Note 1): 
value outside the specified 


clock range 


Note that the boot routines can (re) program 
any number of bytes from 1 byte to 32k 
bytes, independent in which order or at which 
location. 


+5V 
T 


Voo 
EX 


89CE558 


P3.OIRxO 
} 


AS232 


AST 
interlace 


P3.1fTxO 


SELTAl1 


XTAL3 
ALE 
~ 
output of ALE pulses 


1) 
2k 
l'SER 


XTAL4 
EX 
VSS 


ALLOTHER 
{ 
PINS ARE 
DON'T 
CARE 


I 
32.768 
KHz c:JL 


Definitions: 


Record start character 
AAAA 
Load address in hexadecimal 
CC 


BC 
Byte Count. The hexadecimal 
of first data byte in this record. 


number of data bytes in the 
TT 
Record type. The record type 
record. This may theoretically 
be any number from 0 to 255 
is 00 for data records and 01 


prefer to deal with 16 data 
for the end record. 


bytes per record (as shown in 
the example below). 
HH 
One hexadecimal data byte. 


Record checksum. This is the 
2's complement of the 
summation of all of the bytes 
in the record from the byte 
count through the last data 
byte. While the summation is 
calculated, it is always 
truncated to a one byte result. 
Thus, if all of the bytes in the 
record are summed, including 
the checksum itself, the result 
will always be 00 if the record 
is valid. 


Construction of data records (using the notation defined above) is as follows: 


BCAAAATTHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHCC 


::BCAAATTHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHCC 


The last record in a file is the end record and contains no data. Usually the end record will appear as shown in the first example below. 
However, in some cases a 16 bit checksum of all of the data bytes in the entire file may be inserted in the address field of the end record. This 
checksum would correspond to one generated by an EPROM programmer during fiie load, and its inclusion does not violate the rules for this 
format. This is shown in the second example. 


:00000001 FF 


:00B12C0122 


Successive hex records need not appear in sequential address order. For instance, a record for address 0000 might appear after a record for 
address 7FEO. All of the bytes in a single record, however, must be in sequence. Any characters that appear outside of a record (i.e. after a 
checksum, but before the next ":") should be ignored, if present. 


An example of a valid hex file follows: 


:10010000C2FOE53030E704F404D2F08531 
F030F786 


:100110000763FOFF05FOB2F0A430FOOA63FOFFF4DB 


:OC0120002401500205F085F032F5332276 


:00000001 FF 


PARAMETER 
RATING 
UNIT 


Storage temperature range 
-65 to +150 
°c 


Voltage on VDDto Vss 
-0.5 to +6.5 
V 


Voltage on any other pin to Vss 
-0.5 to Vdd + 0.5 
V 


Power dissipation 
(based on package heat transfer 
limitations, not device power 
1.0 
W 
consumption) 


NOTES: 


1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 


functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 


2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions are taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


5.0 DC CHARACTERISTICS 


DC ELECTRICAL 
CHARACTERISTICS 


VDD; 5V (± 10%), VSS; 
OV,Tamb; oDe to +70oc (8xCE558EBx). All voltages with respect to Vss unless otherwise specified. 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


VDD 
Supply voltage 
4.5 
5.5 
V 


IDD 
Supply current operating: 
See notes 1 and 2 
89CE558 
fClK; 
16MHz 
50 
mA 
83CE558 
VDD;5.5V 
40 
mA 


liD 
Idle mode: 
See notes 1 and 3 
89CE558 
fClK; 
16MHz 
10 
mA 
83CE558 
VDD;5.5V 
8 
mA 


IpD 
Power-down current 
See note 4 


c 
2V < VPD < VDDmax 
100 
)lA 


Inputs 


Vil 
Input LOW voltage, except EA, SCL, SDA 
-0.5 
0.2VDD-0.1 
V 


VIL1 
Input LOW voltage to EA 
-0.5 
0.2VDD-0.3 
V 


VrL2 
Input LOW voltage to SCL, SDA 5 
-0.5 
0.3VDD 
V 


VIH 
Input HIGH voltage, except XTAL 1, RST, SCL, SDA 
0.2VDD+0.9 
VDD+0.5 
V 


VIHl 
Input HIGH voltage, XTAL1, RST 
0.7VDD 
VDD+0.5 
V 


VIH2 
Input HIGH voltage, SCL, SDA 5 
0.7VDD 
6.0 
V 


III 
Input current LOW level, Ports 0, 1, 2, 3, 4 
VIN; 
0.45V 
-50 
)lA 


ITl 
Transition current HIGH to LOW, Ports 0, 1, 2, 3, 4 
See note 6 
-650 
)lA 


±11L1 
Input leakage current, Port 0, EA, ADEXS, EW 
0.45V < VI < VDD 
10 
)lA 


±IIL2 
Input leakage current, SCL, SDA 
OV < VI < 6V 
10 
)lA 
OV< VDD< 5.5V 


±IIL3 
Input leakage current, Port 5 
0.45V < VI < VDD 
1 
)lA 


Outputs 


VOL 
Output low voltage, Ports 1, 2, 3, 4 
IOl; 
1.6mA 7,17 
0.45 
V 


VOL1 
Output low voltage, Port 0, ALE, 1'SEIiI, f'WfiilO,l'Wm 
IOL; 3.2mA 7,17 
0.45 
V 


VOl2 
Output low voltage, SCL, SDA 
IOl; 
3.0mA 7,17 
0.4 
V 


VOH 
Output high voltage, Ports 1, 2, 3, 4 
VDD;5V±10% 


-IOH; 60)lA 
2.4 
V 


-loH; 
25)lA 
0.75VDD 
V 


-IOH; 
10)lA 
O,9VDD 
V 


VOHl 
Output high voltage (Port 0 in external bus mode, ALE, 
VDD;5V±10% 


1'SEIiI, RST, f'WfiilO,l'Wm) 
8 
-IOH; 800)lA 
2.4 
V 


-IOH; 300)lA 
0.75VDD 
V 


-IOH; 80)lA 
0.9VDD 
V 


RRST 
Internal reset pull-down resistor 
50 
150 
kQ 


CIO 
Pin capacitance 
Test freq ; 1MHz, 
10 
pF 


Tamb; 25°C 


DC ELECTRICAL 
CHARACTERISTICS 
(Continued) 


VDD = 5V (± 10%), 
Vss = OV, Tamb = -40°C 
to +85°C 
(8xCE558EFx). 
DC parameters 
not included 
here 
are the same 
as in the 8xCE558EBB, 


DC electrical 
characteristics 


All voltages 
with 
respect 
to Vss 
unless 
otherwise 
specified. 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
I 
MAX 
UNIT 


Inputs 


VIL 
Input 
LOW 
voltage, 
except"EA, 
SCL, 
SDA 
-0.5 
0.2VDD-0.15 
V 


VIL1 
Input 
LOW 
voltage 
to "EA 
-0.5 
0.2VDD-0.35 
V 


VIH 
Input 
HIGH 
voltage, 
except 
XTAL 1, RST, SCL, 
SDA 
0.2VDD+1.0 
VDD+0.5 
V 


VIH1 
Input 
HIGH 
voltage, 
XTAL 1, RST 
0.7VDD+0.1 
VDD+0.5 
V 


IlL 
Input 
current 
LOW 
level, 
Ports 
1, 2, 3, 4 
VIN = 0,45V 
-75 
lJ.A 


ITL 
Transition 
current 
HIGH 
to LOW, 
Ports 
1, 2, 3, 4 
See 
note 
6 
-750 
lJ.A 


DC ELECTRICAL 
CHARACTERISTICS 
ANALOG 


AVDD = 5V (± 10%), 
AVss = OV, Tamb = 
O°C to +70oC 
(8xCE558EBx). 


AVDD = 5V (± 10%), 
AVss = OV, Tamb = -40°C 
to +85°C 
(8xCE558EFx). 


All voltages 
with 
respect 
to V ss unless 
otherwise 
specified. 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


AVDD 
Analog 
supply 
voltage 
, 


AVDD - VDD ± 0.2V 
4.5 
5.5 
V 


AIDD 
Analog 
supply 
current 
. 
, 


Port 
5 = 0 to AVDD 
1.2 
mA 


see note 
19 


AIID 
Idle mode 
see note 
18 
50 
IlA 


AlpD 
Power-down 
mode 
2V < AVPD < AVDD 
50 
IlA 


see note 
18 


Analog Inputs 
- 


AVIN 
Analog 
input 
voltage 
AVss-0.2 
AVDD+0.2 
V 


AVREF 
Reference 
voltage: 


AVREF- 
AVss-0.2 
V 


AVREF+ 
AVDD+0.2 
V 


RREF 
Resistance 
between 
AVREF+ and AVREF- 
- 
10 
50 
kQ 


CIA 
Analog 
input 
capacitance 
15 
pF 


DL. 
Differential 
non-linearity 
9, 10. 11, 
+1 
LSB 


IL. 
Integral 
non-linearity 
9,12 
±2 
LSB 


OS. 
Offset 
error 
9, 13 
±2 
LSB 


G. 
Gain 
error 9, 14 
+0,4 
% 


Ae 
Absolute 
voltage 
error 
9. 15 
+3 
LSB 


MCTC 
Channel 
to channel 
matching 
+1 
LSB 


C, 
Crosstalk 
between 
inputs 
of port 5 16 
0-100kHz 
-60 
dB 


NOTES FOR DC ELECTRICAL CHARACTERISTICS: 


1. See Figures 37 and 39 through 41 for 100test conditions. 


2. The operating supply current is measured with all output pins disconnected; 


XTAL1 driven with t, = tf = 5ns; V1L= Vss + 0.5V; VIH = Voo' 
0.5V; XTAL2 not connected; 
EA = RST = Port 0 = 'EVIl = SCL = SDA = Voo; ADEXS = Vss. 
3. The idle mode supply current is measured with all output pins disconnected; 
XTAL1 driven with t, = tf = 5ns; VIL = Vss + 0.5V; V1H= Voo' 
0.5V; XTAL2 not connected; 
Port 0 = 'EVIl = SCL = SDA = SELXTAL 1 = Voo; EA = RST = AOEXS = Vss. 


4. The power-down current is measured with all output pins disconnected; 


XTAL2 not connected; Port 0 = 'EVIl = SCL = SDA = SELXTAL 1 = Voo; EA = RST = AOEXS = XTAL1 = Vss. 


5. The input threshold voltage of SCL and SOA (SI01) meets the 12Cspecification, so an input voltage below 0.3 Voo will be recognized as a 
logic 0 while an input voltage above 0.7 Voo will be recognized as a logic 1. 


6. 
Pins of ports 1, 2, 3, and 4 source a transition current when they are being externally driven from HIGH to LOW. The transition current 
reaches its maximum value when VIN is approximately 2V. 


7. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOL of ALE and ports 1,3 and 4. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 


ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 


8. Capacitive loading on ports 0 and 2 may cause the VOHon ALE and l'SEN to momentarily fall below the 0.9Voo specification when the 


address bits are stabilizing. 


9. Conditions: AVREF-= OV;AVoo = 5.0V, AVREF+= 5.12V. Voo = 5.0V, Vss = OV,AOC is monotonic with no missing codes. Measurement by 


continuous conversion of AVIN= -20mV to 5.12V in steps of 0.5mV, derivating parameters from collected conversion results of ADC. AOC 
prescaler programmed according to the actual oscillator frequency, resulting in a conversion time within the specified range for leony (151ls ... 
50IlS). 


10.The differential non-linearity (OLe) is the difference between the actual step width and the ideal step width. 


11.The ADC is monotonic; there are no missing codes. 


12.The integral non-linearity (ILe) is the peak difference between the center of the steps of the actual and the ideal transfer curve after 
appropriate adjustment of gain and offset error. 


13.The offset error (OSe) is the absolute difference between the straight line which fits the actual transfer curve (after removing gain error), and 


a straight line which fits the ideal transfer curve. The offset error is constant at every point of the actual transfer curve. 


14.The gain error (Ge) is the relative difference in percent between the straight line fitting the actual transfer curve (after removing offset error), 
and the straight line which fits the ideal transfer curve. Gain error is constant at every point on the transfer curve. 


15.The absolute voltage error (Ae) is the maximum difference between the center of the steps of the actual transfer curve of the non-calibrated 
AOC and the ideal transfer curve. 


16.This should be considered when both analog and digital signals are simultaneously input to port 5. 


17. Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 


Maximum IOLper port pin: 10 mA 
Maximum IOL8-bit port - 
PortO:26mA 
Ports 1,2,3 
and 4: 15 mA 
Maximum total IOLfor all output pins : 86 mA 


If IOLexceeds the test conditions, VOLmay exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 


18.Allo is measured with SELXTAL 1 = Voo. 


19.AIIO and AIpo are measured with the 32 kHz oscillator being halted, XTAL3 not connected and XTAL4 = Vss. 
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AC ELECTRICAL 
CHARACTERISTICS 


VDD = 5V ± 10% 
(EBx), 
VSS = OV, TCLCL min = 1/fmax 
(maximum 
operating 
frequency) 


VDD = 5V ± 10% 
(EFx), 
Vss = OV, T CLCL min = 1/fmax 
(maximum 
operating 
frequency) 


Tamb = OOC to +70oC,T 
CLCL min = 63 ns for 8xCE558EBx 


Tamb = -40°C 
to +85°C,T 
CLCL min = 63 ns for 8xCE558EFx 
C1 = 100 pF for Port 0, ALE 
and PSEN ; C1 = 80 pF for all other 
outputs 
unless 
otherwise 
specified. 


12MHzCLOCK 
16MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
UNIT 


1/tCLCL 
42 
Oscillator 
3.5 
16 
MHz 


tLHLL 
42 
ALE 
pulse 
width 
127 
85 
2lcLCL-40 
ns 


tAVLL 
42 
Address 
valid 
to ALE 
LOW 
28 
8 
tCLCL-55 
ns 


tLLAX 
42 
Address 
hold 
after 
ALE 
LOW 
48 
28 
tCLcv35 
ns 


tLLlv 
42 
ALE 
LOW 
to vaiid 
instruction 
in 
234 
150 
4tCLCL-100 
ns 


tLLPL 
42 
ALE 
LOW 
to PSEN LOW 
43 
23 
tCLCL-40 
ns 


tpLPH 
42 
PSEN pulse 
width 
205 
143 
3tCLCL-45 
ns 


tPLIV 
42 
PSEN LOW 
to valid 
instruction 
in 
145 
83 
3lcLCL-105 
ns 


tPXIX 
42 
Input 
instruction 
hold after PSEN 
0 
0 
0 
ns 


tPXIZ 
42 
Input 
instruction 
float 
after PSEN 
59 
38 
tCLCL-25 
ns 


tAVIV 
42 
Address 
to valid 
instruction 
in 
312 
208 
5lcLCL-105 
ns 


tpLAZ 
42 
PSEN LOW 
to address 
float 
10 
10 
10 
ns 


Data 
Memory 


tLLAX 
43,44 
Address 
valid 
to ALE 
LOW 
28 
8 
tCLCL-55 
ns 


tRLRH 
43 
'RU pulse 
width 
400 
275 
6lcLCL-100 
ns 


tWLWH 
44 
WR 
pulse 
width 
400 
275 
6tCLCL-100 
ns 


tRLDV 
43 
'RU LOW 
to valid 
data 
in 
252 
148 
5lcLCL-165 
ns 


tRHDX 
43 
Data 
hold 
after 'RU 
0 
0 
0 
ns 


tRHDZ 
43 
Data 
float 
after 'RU 
97 
55 
2tCLCL-70 
ns 


tLLDV 
43 
ALE 
LOW 
to valid 
data 
in 
517 
350 
8lcLCL-150 
ns 


tAVDV 
43 
Address 
to valid 
data 
in 
585 
398 
9lcLCL-165 
ns 


tLLWL 
43,44 
ALE 
LOW 
to 'RU or WR 
LOW 
200 
300 
138 
238 
3tCLCL-50 
3tCLCL+50 
ns 


tAvWL 
43,44 
Address 
valid 
to WR 
LOW 
or 'RU LOW 
203 
120 
4lcLCL-130 
ns 


tevwx 
44 
Data 
valid 
to WR transition 
23 
3 
tCLCL-60 
ns 


tDW 
44 
Data 
before 
WR 
433 
288 
7tCLCL-150 
ns 


tWHQX 
44 
Data 
hold 
after 
WR 
33 
13 
tCLCL-50 
ns 


tRLAZ 
43 
'RU low to address 
float 
0 
0 
0 
ns 


tWHLH 
43,44 
'RU or WR 
HIGH 
to ALE 
HIGH 
43 
123 
23 
103 
tCLCL-40 
tCLCL+40 
ns 


UART 
Timing 
- Shift 
Register 
Mode 
(Test Conditions: 
Tamb = OOC to +70°C; 
Vss = OV; Load 
Capacitance 
= 80pF) 


tXLXL 
46 
Serial 
port clock 
cycle 
time 
1.0 
0.75 
12tCLCL 
JlS 


teVXH 
46 
Output 
data 
setup 
to clock 
rising 
edge 
700 
492 
1OlcLCL -133 
ns 


tXHQX 
46 
Output 
data 
hold after 
clock 
rising 
edge 
50 
8 
2tCLCL-117 
ns 


tXHDX 
46 
Input 
data 
hold 
after 
clock 
rising 
edge 
0 
0 
0 
ns 


tXHDV 
46 
Clock 
rising 
edge 
to input 
data 
valid 
700 
492 
1OlcLCL -133 
ns 


Standard-mode 
SYMBOL 
PARAMETER 
12C-bus 
UNIT 


,1 
MIN 
MAX 


12CInterface timing (refer to Figure 45) 


fSCL 
SCl clock frequency 
0 
100 
kHz 


tauF 
Bus free time between a STOP and START condition 
4.7 
fls 


tHO;STA 
Hold time (repeated) START condition. After this period, the first clock 
4.0 
fls 


puise is generated 


tLOW 
lOW period of the SCl clock 
4.7 
fls 


tHIGH 
High period of the SCl clock 
4.0 
fls 


tsu; STA 
Set-up time for a repeated START condition 
4.7 
fls 


tHO;OAT 
Data hold time 
01 
flS 


tHO;OAT1,2,3 
Data set-up time 
250 
ns 


tAD, tAC 
Rise time of both SDA and SCl signals 
1000 
ns 


tFD,tFC 
Fall time of both SDA and SCl signals 
300 
ns 


tsu; STO 
Set-up time for STOP condition 
4.0 
fls 


Cb 
Capacitive load for each bus line 
400 
pF 


All values referred to VIH and VIL maxlevels. 


NOTES: 


1. A device must internally provide a hold time of at least 300 ns from the SDA signal (referred to the VIH minof the SCl signal) in order to bridge 
the undefined region of the falling edge of SCL. 


For 62ns < tCLCL< 570ns, 16MHz > f CcK> 3.5MHz) the Si01 interface meets concerning AC parameters the 12C-busspecification for bit-rates 
up to 100 kbit/s. 


Float 
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2.4V 
,,2.0V 
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0.8> 
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NOTE: 
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Figure 41. AC Testing, 
Float Waveform 
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Purchase of Philips' 12Ccomponents conveys a license under the 
Philips' 12Cpatent to use the components in the I 2C-system 
provided the system conforms to the I 2Cspecifications defined by Philips. 


Single-chip 
8-bit microcontroller 
with 8-bit AID, capturelcompare 
timer, high-speed 
outputs, PWM 


DESCRIPTION 
FEATURES 
PIN CONFIGURATION 
The 80C562183C562 (hereafter generically 
referred to as 8XC562) Single-Chip 8-Bit 
Microcontroller is manufactured in an 
advanced CMOS process and is a derivative 
of the 80C51 microcontroller family. The 
83C562183C562 has the same instruction set 
as the 80C51. 


The 8XC562 contains a non-volatile 256 x 8 
read-only program memory, a volatile 256 x 8 
read/write data memory (83C562) (the 
80C562 is ROMless), a volatile 256 x 8 
read/write data memory, six 8-bit I/O ports, 
two 16-bit timer/event counters (identical to 
the timers of the 80C51), an additional 16-bit 
timer coupled to capture and compare 
latches, a 15-source, two-priority-Ievel, 
nested interrupt structure, an 8-input ADC, 
two pulse width modulated outputs, standard 
80C51 UART, a "watchdog" timer and on-chip 
oscillator and timing circuits. For systems that 
require extra capability, the 83C562 can be 
expanded using standard TIL compatible 
memories and logic. 


The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-by1e, 45 two-by1e and 17 
three-by1e. With a 12MHz crystal, 58% of the 
instructions are executed in 11'sand 40% in 
21'S.Multiply and divide instructions require 
41'S. 


• 8k x 8 ROM expandable externally to 
64k by1es 


• 256 x 8 RAM, expandable externally to 
64k by1es 


• Two standard 16-bittimer/counters 


• An additional 16-bit timer/counter coupled 
to four capture registers and three compare 
registers 


• Capable of producing eight synchronized, 
timed outputs 


• An 8-bit ADC with eight multiplexed analog 
inputs 


• Two 8-bit resolution, pulse width modulated 


outputs 


• Five 8-bit I/O ports plus one 8-bit input port 


shared with analog inputs 


• Full-duplex UART compatible with the 


standard 80C51 


• On-chip watchdog timer 


• Three temperature ranges 


- 
0 to +70°C 


- -40 to +85°C 


- -40 to +125°C 


Pin 
Function 


1 
P5.0/ADCO 


2 
VOD 


3 
STADe 


4 
PWIJlj 
5 
PWm 
6 
EW 
7 
P4.O/CMSRQ 


8 
P4.1/CMAS, 


9 
P4.2CM$R2 
10 
P4.31CMSR3 
11 
P4.4/CMSR4 


12 
P4.51CMSR5 
13 
P4.6ICMTO 


14 
P4.7/CMTl 


15 
R$T 


16 
Pl.a/CTQl 
17 
Pl.1/CTlI 
18 
P 1.21CT21 


19 
Pl.31CT31 


20 
P1.4fT2 
21 
P1.5JRT2 
22 
Pl.6 
23 
Pl.? 
24 
P3.0/RxD 


25 
P3.1TxD 


26 
P3.2ITfffij 


27 
P3.3IfflTf 


28 
?3.4ITO 
29 
P3.5fTl 
30 
P3.6IWR 


31 
P3.7/FID 
32 
NC 
33 
NC 
34 
XTAL2 


Pin 
Function 


35 
XTAL 1 


36 
Vss 
37 
Vss 
38 
NC 
39 
P2.OIAOB 


40 
P2.1/A09 
41 
P2.21Al0 


42 
P2.31Al1 


43 
P2.4/A12 


44 
P2.5/A13 


45 
P2.61A14 


46 
P2.7/A15 
47 I'Srn 
48 
ALE 
49 
g; 
50 
PO.l/AD? 


51 
PO.SlADG 


52 
PO.5JAD5 
53 
PO.4/AD4 


54 
PO.31AD3 
55 
PO.21AD2 
56 
PO.l/AD1 


57 
PO.OIADO 
58 
AVref- 


59 
AVref+ 


60 
AVss 
61 
AVoo 


62 
P5.7/ADC7 


63 
P5.61ADC6 
64 
P5.5/ADC5 
65 
P5.4/ADC4 


66 
P5.31ADC3 


67 
P5.21ADC2 
68 
P5.1/ADC1 


PHILIPS PART 
ORDER NUMBER 
PHILIPS NORTH AMERICA 
TEMPERATURE 
PART MARKING 
PART ORDER NUMBER 
RANGE °C 


Drawing 
Drawing 
AND PACKAGE 
FREQ 


ROM less 
ROM 
ROMless 
ROM 
Number 
EPROM 
Number 
MHz 


PCB80C562- 
PCB83C562- 
880C562-4A68 
883C562-4A68 
80T188 
887C552-4A682 
0398E 
o to +70, Plastic 
16 
16WP 
16WP/xxx 
Leaded Chip Carrier 
o to +70, Plastic 


887C552-4K682 
1473A 
Leaded Chip Carrier 
16 
wMiindow 


PCF80C562- 
PCF83C562- 
880C562-2A68 
883C562-2A68 
80T188 
887C552-5A682 
0398E 
-40 to +85, Plastic 
12 
12WP 
12WP/xxx 
Leaded Chip 
Carrier 


-40 to +85, Plastic 


887C552-5K682 
1473A 
Leaded Chip Carrier 
12 
wlWindow 


PCA80C562- 
PCA83C562- 
880C562-6A68 
883C562-6A68 
80T188 
-40 to +125, Plastic 
12 
12WP 
12WP/xxx 
Leaded Chip Carrier 


NOTES: 
1. 80C562 and 83C562 frequency range is 1.2MHz-12MHz 
or 1.2MHz-16MHz. 


2. 
87C552 frequency range is 3.5MHz-16MHz. 
For full specification, see the 87C552 data sheets. 
3. xxx denotes the ROM code number. 
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L 
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PARALlELVO 


PORTS 
AND 
EXTERNAL 
BUS 


SERIAL 
UART 
PORT 


v IT] 


CMSRD-CMSRS 
RST 
EW 
CMTO, CMT1 


ITJ 
ALTERNATE 
FUNCTION 
OF PORT 
0 


CD ALTERNATE 
fUNCTION 
OF PORT 
1 


~ 
ALTERNATE 
FUNCTION 
OF PORT 
2 


[!] 
ALTERNATE 
FUNCTION 
OF PORT 
3 


[!] 
ALTERNATE 
FUNCTION 
OF PORT 
4 
o ALTERNATE 
FUNCTION 
OF PORT 
5 


MNEMONIC 
PIN NO. 
TYPE 
NAME AND FUNCTION 


VDD 
2 
I 
Digital Power Supply: 
+5V power supply pin during normal operation, idle and power-down mode. 


STADC 
3 
I 
Start ADC Operation: 
Input starting analog to digital conversion (ADC operation can also be started 


by software). 


]5Wf;lO 
4 
0 
Pulse Width Modulation: 
Output O. 


PWm" 
5 
0 
Pulse Width Modulation: 
Output 1. 


EW 
6 
I 
Enable Watchdog 
Timer: Enable for T3 watchdog timer and disable power-down mode. 


PO.o-PO.7 
57-50 
1/0 
Port 0: Port 0 is an 8-bit open-drain bidirectionalI/O 
port. Port 0 pins that have 1s written to them float 
and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order address and data 
bus during accesses to external program and data memory. In this application it uses strong intemal 
pull-ups when emitting 1s. 


P1.o-P1.7 
16--23 
1/0 
Port 1: 8-bit I/O port. Alternate functions include: 


16--23 
1/0 
(P1.o-P1.7): 
Quasi-bidirectional port pins. 
16--19 
1/0 
CTOI-CT31 (P1.o-P1.3): 
Capture timer input signals for timer T2. 


20 
I 
T2 (P1.4): T2 event input 


21 
I 
RT2 (P1.5): T2 timer reset signal. Rising edge triggered. 


P2.o-P2.7 
3~6 
1/0 
Port 2: 8-bit quasi-bidirectional I/O port. 
Alternate function: High-order address byte for extemal memory (A08-A15). 


P3.o-P3.7 
24--31 
1/0 
Port 3: 8-bit quasi-bidirectional 
1/0 port. Alternate functions include: 


24 
RxD(P3.0): Serial input port. 


25 
TxD (P3.1): Serial output port. 


26 
INTO (P3.2): External interrupt. 


27 
IRTl 
(P3.3): External interrupt. 


28 
TO (P3.4): Timer 0 external input. 


29 
T1 (P3.5): Timer 1 external input. 


30 
WR (P3.6): Extemal data memory write strobe. 
31 
RO (P3.7): External data memory read strobe. 


P4.o-P4.7 
7-14 
I/O 
Port 4: 8-bit quasi-bidirectional 
I/O port. Alternate functions include: 
7-12 
0 
CMSRD-CMSR5 (P4.o-P4.5): 
Timer T2 compare and set/reset outputs on a match with timer T2. 
13, 14 
0 
CMTO, CMT1 (P4.6, P4.7): Timer T2 compare and toggle outputs on a match with timer T2. 


P5.o-P5.7 
68--62, 
I 
Port 5: 8-bit input port. 
1 
ADCo-ADC7 
(P5.o-P5.7): 
Alternate function: Eight input channels to ADC. 


RST 
15 
1/0 
Reset: Input to reset the 87C552. It also provides a reset pulse as output when timer T3 overflows. 


XTAL1 
35 
I 
Crystal Input 1: Input to the inverting amplifier that forms the oscillator, and input to the internal clock 
generator. Receives the extemal clock signal when an extemal oscillator is used. 


XTAL2 
34 
0 
Crystal Input 2: Output of the inverting amplifier that forms the oscillator. Left open-drcuit 
when an 
external clock is used. 


Vss 
36,37 
I 
Digital ground. 


J5SEl'< 
47 
0 
Program Store Enable: Active-low read strobe to external program memory. 


ALE 
48 
0 
Address 
Latch Enable: Latches the low byte of the address during accesses to external memory. It is 
activated every six oscillator periods. During an external data memory access, one ALE pulse is 
skipped. ALE can drive up to eight LS TTL inputs and handles CMOS inputs without an extemal 
pull-up. 


EA 
49 
I 
External Access: 
When EA is held at TTL level high, the CPU executes out of the internal program 


ROM provided the program counter is less than 8192. When EA is held at TTL low level, the CPU 
executes out of external program memory. EA is not allowed to float. 


AVREF- 
58 
I 
Analog to Digital Conversion 
Reference Resistor: 
Low-end. 


AVREF+ 
59 
I 
Analog to Digital Conversion 
Reference Resistor: 
High-end. 


AVss 
60 
I 
Analog Ground 


AVoo 
61 
I 
Analog Power Supply 


NOTE: 
1. To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher or lower than VDD +0.5V or Vss'" 
0.5V, 


respectively. 


OSCILLATOR 
CHARACTERISTICS 
XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol. 


To drive the device from an extemal clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 


RESET 
A reset is accomplished by holding the RST 
pin high for at ieast two machine cycles (24 
oscillator periods), while the oscillator is 
running. To ensure a good power-on reset, 
the RST pin must be high long enough to 
allow the oscillator time to start up (normally 
a few milliseconds) plus two machine cycles. 
At power-on, the voltage on Voo and RST 
must come up at the same time for a proper 
start-up. 


IDLE MODE 
In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 


remain intact during this mode. The idle 
mode can be terminated either by any 
enabied interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER-DOWN 
MODE 


In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. the 
control bits for the reduced power modes are 
in the special function register PCON. Table 1 
shows the state of the I/O ports during low 
current operating modes. 


PROGRAM 
PWMO/ 


MODE 
MEMORY 
ALE 
~ 
PORTO 
PORT 1 
PORT 2 
PORT 3 
PORT 4 
PWMl 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 
Data 
High 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 
Data 
High 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 
Data 
High 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 
Data 
High 


PARAMETER 
RATING 
UNIT 


Voltage on any other pin to Vss 
-0.5 to +6.5 
V 


Input, output DC current on any single I/O pin 
5.0 
mA 


Power dissipation (based on package heat transfer limitations, not device power consumption) 
1.0 
W 


Storage temperature range 
-65 to +150 
°c 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 


functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not impiied. 
2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 


charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


DC ELECTRICAL 
CHARACTERISTICS 


vss, AVss = OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


VDD 
Supply voltage 


PCB8XC562 
4.0 
6.0 
V 
PCF8XC562 
4.0 
6.0 
V 


PCA8XC562 
4.5 
5.5 
V 


IDD 
Supply current operating: 
See notes 1 and 2 
PCB8XC562 
lose = 16MHz 
45 
mA 
PCF8XC562 
lose = 12MHz 
34 
mA 


PCA8XC562 
lose = 12MHz 
30 
mA 


liD 
Idle mode: 
See notes 1 and 3 


PCB8XC562 
lose = 16MHz 
10 
mA 


PCF8XC562 
lose = 12MHz 
8 
mA 


PCA8XC562 
lose = 12MHz 
7 
mA 


IpD 
Power-down current: 


,. 


See notes 1 and 4; 
2V < VPD < VDDmax 
PCB8XC562 
50 
~A 
PCF8XC562 
50 
~ 
PCA8XC562 
100 
~A 


Inputs 


V1L 
Input low voltage, except EA 
- 
-0.5 
0.2VDD-o·1 
V 


VIL1 
Input low voltage to EA 
-0.5 
0.2VDD-0.3 
V 


VIH 
Input high voltage, except XTAL1, RST 
0.2VDD+0.9 
VDD+0.5 
V 


VIHl 
Input high voltage, XTAL1, RST 
0.7VDD 
VDD+0.5 
V 


IlL 
Logical 0 input current, ports 1, 2, 3, 4 
VIN = 0.45V 
-50 
~ 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 3, 4 
See note 5 
-650 
~A 


±11L1 
Input leakage current, port 0, EA, STADC, EW 
0.45V < VI < VDD 
10 
~A 


Outputs 


VOL 
Output low voltage, ports 1, 2, 3, 4 
IOL= 1.6mA6 
0.45 
V 


VOL1 
Output low voltage, port 0, ALE, PSEfiI, I'WMO, PWMT 
IOL= 3.2mA6 
0.45 
V 


VOH 
Output high voltage, ports 1, 2, 3, 4 
VDD+ 5V±10% 


-IOH = 60~A 
2.4 
V 


-IOH=25~A 
0.75VDD 
V 


-IOH = 10~A 
0.9VDD 
V 


VOHl 
Output ~i8JU'OIW8VJ~)p 0 in extemal bus mode, ALE, 
PSEfiI, 
, 
VDD+ 5V±10% 
-IOH = 400~A 
2.4 
V 


-IOH = 150~A 
0.75VDD 
V 
. 
-IOH= 40~A 
0.9VDD 
V 


VOH2 
Output high voltage (RST) 
-- 
-IOH =400~A 
2.4 
V 


-IOH = 120~A 
0.8VDD 
V 


RRST 
Internal reset pull-down resistor 
50 
150 
kfl 


CIO 
Pin capacitance 
Test Ireq = 1MHz, 
10 
pF 


Tamb= 25°C 


TEST 
I 
LIMITS 
I 


SYMBOL 
PARAMETER 
CONDITIONS 
I 
MIN 
MAX 
I UNIT 


Analog Inputs 


AVoo 
Analog supply voltage: 
PCB8XC562 
AVoo = Voo±O·2V 
4.0 
6.0 
V 


PCF8XC562 
AVoo = Voo±O·2V 
4.0 
6.0 
V 


PCA8XC562 
AVoo = Voo±0.2V 
4.5 
5.5 
V 


Aloo 
Analog supply current: operating: 
Port 5 = 0 to AVoo 
1.2 
mA 


AIIO 
Idle mode: 


PCB8XC562 
50 
IlA 
PCF8XC562 
50 
IlA 
PCA8XC562 
100 
!!A 


Alpo 
Power-down mode: 
2V < AVpo < AVoo max 
PCB8XC562 
50 
IlA 
PCF8XC562 
50 
!!A 


PCA8XC562 
100 
!!A 


AVIN 
Analog input voltage 
AVss-o·2 
AVoo+0.2 
V 


AVREF 
Reference voltage: 


AVREF- 
AVss-o·2 
V 


AVREF+ 
AVoo+0.2 
V 


RREF 
Resistance between AVREF+and AVREF_ 
5 
25 
kO 


CIA 
Analog input capacitance 
15 
pF 


tAOS 
Sampling time 
6tev 
Ils 


tAOC 
Conversion time (including sampling time) 
24tev 
Ils 


DL. 
Differential non-linearityB, 9, 10 
±1 
LSB 


IL. 
Integral non-linearityB, 11 
±1 
LSB 


OS. 
Offset errorS, 12 
±1 
LSB 


G. 
Gain errorS, 13 
0.4 
% 


MCTC 
Channel to channel matching 
±1 
LSB 


Ct 
Crosstalk between inputs of port 514 
D-100kHz 
~o 
dB 


NOTES: 
1. See Figures 8 through 12 for 100 test conditions. 
2. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with t, = tf = 10ns; VIL = Vss + 0.5V; 


VIH = Voo - 0.5V; XTAL2 not connected; EA = RST = Port 0 = F.W = Voo; STADC = Vss. 
3. The idle mode supply current is measured with all output pins disconnected; XTAL1 driven with tf = tf = 10ns; VIL = Vss + 0.5V; 


VIH= Voo - 0.5V; XTAL2 not connected; Port 0 = F.W = VDO;EA = RST = STADC = Vss. 
4. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = F.W = Voo; 


EA = RST = STADC = XTAL1 = Vss. 
5. 
Pins of ports 1, 2, 3, and 4 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 2V. 
6. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLSof ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 
7. Capacitive loading on ports 0 and 2 may cause the VOHon ALE and!'SEN 
to momentarily fall below the 0.9Voo specification when the 
address bits are stabilizing. 
8. Conditions: AVREF- = OV;AVoo = 5.0V, AVREF+= 5.12V. ADC is monotonic with no missing codes. 
9. The differential non-linearity (DL.) is the difference between the actual step width and the ideal step width. (See Figure 1.) 
10.The ADC is monotonic; there are no missing codes. 
11.The integral non-linearity (ILa) is the peak difference between the center of the steps of the actual and the ideal transfer curve after 


appropriate adjustment of gain and offset error. (See Figure 1.) 


12.The offset error 
(OS.) is the absolute difference between the straight line which fits the actual transfer curve (after removing gain error), and 
a straight line which fits the ideai transfer curve. (See Figure 1.) 
13.The gain error 
(G.) is the relative difference in percent between the straight line fitting the actual transfer curve (after removing offset error), 


and the straight line which fits the ideal transfer curve. Gain error is constant at every point on the transfer curve. (See Figure 1.) 
14.This should be considered when both analog and digital signals are simultaneously input to port 5. 


u 


Offset 
error 
OS. 


{ 
1 
LSB = AVREF+ - AVREF} 


256 


(1) 
Example 
of an aetualtransl.r 
curve. 


(2) 
The Ideal transfer 
curve. 


(3) 
Differential 
non·llnearlty 
(Ole). 


(4) 
Integral 
non·llnearlly 
(IL.e). 


(5) 
Center 
of 8 step of the actual 
transfer 
curve. 
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Go 
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12MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1ltCLCL 
2 
Oscillator frequency 
1.2 
16 
MHz 


tLHLL 
2 
ALE pulse width 
127 
2tCLCL--40 
ns 


tAVLL 
2 
Address valid to ALE low 
28 
lcLCL-55 
ns 


It.LAX 
2 
Address hold after ALE low 
48 
lcLCL-35 
ns 


tLLlV 
2 
ALE low to valid instruction in 
234 
4lcLCL-100 
ns 


It.LPL 
2 
ALE low to !"SEN 
low 
43 
lcLCL--40 
ns 


tPLPH 
2 
!"SEN 
pulse width 
205 
3lcLCL--45 
ns 


tPLIV 
2 
!"SEN 
low to valid instruction in 
145 
3lcLCL-105 
ns 


tPXIX 
2 
Input instruction hold after !"SEN 
0 
0 
ns 


tPXIZ 
2 
Input instruction float after !"SEN 
59 
lcLCL-25 
ns 


tAVIV 
2 
Address to valid instruction in 
312 
5lcLCL-105 
ns 


tpLAZ 
2 
!"SEN 
low to address float 
10 
10 
ns 


Data Memory 


tAVLL 
3,4 
Address valid to ALE low 
. 
43 
lcLCL-35 
ns 


tRLRH 
3 
l1[) pulse width 
400 
6tCLCL-100 
ns 


tWLWH 
4 
WR pulse width 
400 
6tCLCL-100 
ns 


tRLOV 
3 
l1[) low to valid data in 
252 
5lcLCL-165 
ns 


tRHOX 
3 
Data hold after l1[) 
0 
0 
ns 


tRHOZ 
3 
Data float after l1[) 
97 
2tCLCL-70 
ns 


tLLOV 
3 
ALE low to valid data in 
517 
8lcLCL-150 
ns 


tAVOV 
3 
Address to valid data in 
585 
9lcLCL-165 
ns 


It.LWL 
3,4 
ALE low to l1[) or WR low 
200 
300 
3tCLCL-50 
3lcLCL+50 
ns 


tAVWL 
3,4 
Address valid to WR low or l1[) low 
203 
4lcLCL-130 
ns 


tavwx 
4 
Data valid to WR transition 
23 
lcLCL--BO 
ns 


tow 
4 
Data before WR 
433 
7lcLCL-150 
ns 


tWHQX 
4 
Data hold after WR 
33 
tCLCL-50 
ns 


tRLAZ 
3 
l1[) low to address float 
0 
0 
ns 


tWHLH 
3,4 
l1[) or WR high to ALE high 
43 
123 
lcLCL--40 
lcLCL+40 
ns 


External Clock 


lcHCX 
5 
High time3 
20 
20 
ns 


lcLCX 
5 
Lowtime3 
, 
20 
20 
ns 


lcLCH 
5 
Rise time3 
20 
20 
ns 


lcHCL 
5 
Falltime3 
20 
20 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and !"SEN 
= 1OOpF,load capacitance for all other outputs = 80pF. 


3. These values are characterized but not 100% production tested. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
Q - 
Output data 


first character is always 'I' (= time). The other 
R - lilJ signal 


characters, depending on their positions, 
t 
- 
Time 
indicate the name of a signal or the logical 
V - 
Valid 


status of that signal. The designations are: 
W - 
WR signal 


A - 
Address 
X - 
No longer a valid logic level 


C - 
Clock 
Z - 
Float 


o - 
Input data 
Examples: 
H - 
Logic level high 
I 
- 
Instruction (program memory contents) 
L - 
Logic level low, or ALE 


P - 
l'SEIII 


tAVLL= Time for address valid 
to ALE low. 
tLLPL= Time for ALE low to 


l'SEIIIlow. 


Float 


2.4V 
2.4V 
,2.0V 
2.0V/ 


/ 
" 
O.45V 
O.8V 
O.8V 
- 
O.45V 


NOTE: 


The floal 
state is defined 
as Ihe point at which 
a port 0 pin sinks 3.2mA 
or 


sources 
400J.lA at the voltage 
test levels. 


Figure 7. 
AC Testing Input, Float Waveform 


2.4V=X2.0V...-. 
~ 
2.0V>C 
Test Points 
O.8V"- 
--.. 
O.8V 
O.45V 
-J 


NOTE: 
AC inputs 
during 
testing 
are driven 
at 2.4V for a logic '1' and OASV for a logic '0'. 
TIming 
measurements 
are made at 2.0V for a logic '" 
and O.BV for a logic '0'. 
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(1) 
Maximum 
operating 
mode; 
VOO = 6V. 


(2) 
Maximum 
operating 
mode; 
VOO = 4V. 


(3) 
Maximum 
Idle mode; 
VOO = 6V. 


(4) 
Maximum 
Idle mode; 
VOO = 4V. 


Figure 9. 
100Test Condition, 
Active Mode 
All other pins are disconnected 


VOo-<'·5 
- - - - 


O.5V 


Figure 11. 
Clock Signal Waveform 
for 100 
Tests in Active and Idle Modes 


tCLCH = tCHCL = 10ns 
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Figure 10. 
100Test Condition, 
Idle Mode 
All other pins are disconnected 


Voo 
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Figure 12. 
100Test Condition, 
Power Down Mode 


All other pins are disconnected. 
Voo = 2V to 5.5V 


Philips Semiconductors Microcontroller Products 


DESCRIPTION 
The Philips 80C575/83C575/87C575 
is a 
high-performance microcontroller fabricated 
with Philips high-density CMOS technology. 
The Philips CMOS technology combines the 
high speed and density characteristics of 
HMOS with the low power attributes of 
CMOS. Philips epitaxial substrate minimizes 
latch-up sensitivity. 


The 8XC575 contains an 8k x 8 ROM 
(83C575) EPROM (87C575), a 256 x 8 RAM, 
32 I/O lines, three 16-bit counter/timers, a 
Programmable Counter Array (PCA), a 
seven-source, two-priority level nested 
interrupt structure, an enhanced UART, four 
analog comparators, power-fail detect and 
oscillator fail detect circuits, and on-chip 
oscillator and clock circuits. 


In addition, the 8XC575 has a low active 
reset, and the port pins are reset to a low 
level. There is also a fully configurable 
watchdog timer, and internal power on clear 
circuil. The part includes idle mode and 
power-down mode states for reduced power 
consumption. 


• 80C51 based architecture 


- 
8k x 8 ROM (83C575) 


- 
8k x 8 EPROM (87C575) 


- 
ROMless (80C575) 


- 
256 x 8 RAM 


- Three 16-bit counter/timers 


- 
Programmable Counter Array 


- 
Enhanced UART 


- 
Boolean processor 


- Oscillator fail detect 


- 
Low active reset 


- 
Asynchronous low port reset 


- 
Schmitt trigger inputs 


- 
4 analog comparators 


• - 
Watchdog timer 


- 
Low Vcc detect 


• Memory addressing capabiiity 


- 
64k ROM and 64k RAM 


• Power control modes: 


- 
Idle mode 


- 
Power-down mode 


• CMOS and TIL compatible 


.4.0 
to 16MHz 


• Extended temperature ranges 


• OTP package available 


CMPO+1P1.0fT2 
1 


CMPO-/P1.1ff2EX 
2 


VDD 


PO.OIADO 


Im1l/P3.2 


lIm"/P3.3 
, 


6 
1 
4078 


39 


17 
Lee. 


29 


18 
28 


44 
34'8 


33 


?QFP 


11 
23 


12 
22 


ROMless 
ROM 
EPROM 
TEMPERATURE RANGE 'C AND PACKAGEI 
FREQ 
DRAWING 
(MHz) 
NUMBER 


P80C575EBP N 
P83C575EBPN 
P87C575EBPN 
OTP 
o to +70, 40-Pin Plastic Dual In-line Package 
16 
0415C 


P80C575EBAA 
P83C575EBAA 
P87C575EBAA 
OTP 
o to +70, 44·Pin Plastic Leaded Chip Carrier 
16 
0403G 


P87C575EBFFA 
UV 
o to +70, 40-Pin Ceramic Dual In-line Package 
16 
0590B 


P87C575EBL KA 
UV 
o to +70, 44-Pin Ceramic Leaded Chip Carrier 
16 
1472A 


P80C575EHPN 
P83C575EHPN 
P87C575EHPN 
OTP 
-40 to +125, 40·Pin Plastic Dual In-line Package 
16 
0415C 


P80C575EHAA 
P83C575EHAA 
P87C575EHAA 
OTP 
-40 to +125, 44-Pin Plastic Leaded Chip Carrier 
16 
0403G 


P87C575EHFFA 
UV 
-40 to +125, 40-Pln Ceramic Dual In-line Package 
16 
0590B 


P87C575EHLKA 
UV 
-40 to +125, 44-Pin Ceramic Leaded Chip Carrier 
16 
1472A 


P80C575EBB B 
P83C575EBBB 
P87C575EBBB 
OTP 
o to +70, 44·Pin Plastic Quad Flat Pack 
16 
1118D 


CERAMIC 
AND PLASTIC 
LEADED 
CHIP 


CARRIER 
PIN FUNCTIONS 
PLASTIC 
QUAD FLAT PACK 


PIN FUNCTIONS 


11 
23 
17 
29 


18 
28 
12 
22 


Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 
, 
NC 
23 
NC 
, 
Pl.5/CMP2ICEX2 
23 
P2.51A13 


2 
T2/P 1.0CMPO+ 
2. 
P2.OIA8 
2 
Pl.6/CMP3lCEX3 
2' 
P2.61A14 


3 
T2EXlPl.1/CMPo- 
25 
P2.1/A9 
3 
Pl.7/CEX4 
25 
P2.7/A15 
• 
Pl.21ECI 
26 
P2.21Al0 
• 
IlST 
26 
I'Srn 


5 
Pl.31CMPo/CEXQ 
27 
P2.31Al1 
5 
RxD/P3.0 
27 
ALEJI'ROG 


6 
Pl.4fCMP1/CEXl 
28 
P2.41A12 
6 
NC 
28 
NC 


7 
Pl.S/CMP2ICEX2 
29 
P2.51A13 
7 
TXDlP3.1 
29 
EJWpp 
8 
Pl.61CMP3ICEX3 
30 
P2.61A14 
8 
Tf'IT0IP3.2 
30 
PO.l/AD? 
9 
P1.7/CEX4 
31 
P2.7/A15 
9 
rnTl/P3.3 
3' 
PO.61AD6 
10 
IlST 
32 
I'Srn 
10 
TOIP3.4/CMPR- 
32 
PO.51ADS 
11 
Rx01P3.0 
33 
ALEJI'ROG 
11 
TlIP3.51CMP1+ 
33 
PO.41AD4 
'2 
NC 
3' 
NC 
12 
WRlP3.61CMP2+ 
3. 
PO.31AD3 


'3 
TxD1P3.1 
35 
EJWpp 
13 
Rt51P3.7CMP3+ 
35 
PO.2IAD2 


'4 
Tm"0IP3.2 
36 
PO.l/AD? 
'4 
XTAL2 
36 
PO.l/AD1 
'5 
Tfrrl1P3.3 
37 
PO.BlAD6 
'5 
XTAL1 
37 
PO.OIADO 


'6 
TOIP3.4/CMPR- 
38 
PO.51AD5 
'6 
VSS 
38 
VCC 
'7 
Tl/P3.SlCMP1+ 
39 
PO.4/AD4 
17 
NC 
39 
NC 
'8 
WR/P3.6JCMP2+ 
40 
PO.31AD3 
'8 
P2.0/A8 
40 
T2IP1.0CMPO+ 
19 
trnIP3.7CMP3+ 
4' 
PO.21A02 
'9 
P2.1/A9 
4' 
T2EXlPl.1/CMPo- 
20 
XTAL2 
42 
PO.l/ADl 
20 
P2.21Al0 
42 
Pl.2/ECI. 
21 
XTAL1 
43 
PO.OIADO 
21 
P2.3/A11 
43 
P1.31CMPo/CEXO 
22 
VSS 
44 
VCC 
22 
P2.4/A12 
44 
P1.41CMP1 


g~~ 
g~AOORESS 
ANO 
•........• 
~............... 
DATA 
BUS 
_a._- - 
- - 
-t--- 
T2 
-- 
CMPO+ 
.••..........•. 
.- 
T2EX""""- 
CMPo-- 


- 
- Ic----- 
ECI 


- 
b: Ic------ 
CMPO/CEXO 


<4-.. 
2 Ic------ 
CMP1/CEX1 
- 
Ic------ 
CMP2ICEX2 


- 
Ic------ 
CMP3ICEX3 
i 
j-glc--t--A-O-O-R-ES-S::~4 


r------------- 
I 
I 


vccl 
I 
vsslJl 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


SFRs 


TIMERS 


peA 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


__________ 
--.J 


PIN NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


VSS 
20 
22 
16 
I 
Ground: 
OV reference. 


Vcc 
40 
44 
38 
I 
Power Supply: This is the power supply voltage for normal, idle, and power-down 
operation. 


PO.0-0.7 
39-32 
43-36 
37-30 
1/0 
Port 0: Port 0 is an open-drain bidirectional 1/0 port. Port 0 pins that have 1s written to them 
float and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order 
address and data bus during accesses to external program and data memory. In this 
application, it uses strong internal pUll-ups when emitting 1s. Port 0 also receives code 
bytes during EPROM programming and outputs code bytes during program verification. 
External pull-ups are required during program verification. During reset, port 0 will be 
asynchronously driven low and will remain low until written to by software. All port 0 pins 
have Schmitt trigger inputs with 200mV hysteresis. A weak pulldown on port 0 guarantees 
positive leakage current (see DC Electrical Characteristics: 
1L1). 


P1.0-P1.7 
1-8 
2-9 
40-44 
1/0 
Port 1: Port 1 is an 8-bit bidirectional 1/0 port. Port 1 pins have internal pull-ups such that 
1-3 
pins that have 1s written to them can be used as inputs but will source current when 
externally pulled low (see DC Electrical Characteristics: IILl. Port 1 receives the low-order 
address byte during program memory verification and EPROM programming. During reset, 
port 1 will be asynchronously driven low and will remain low until written to by software. All 
port 1 pins have Schmitt trigger inputs with 50mV hysteresis. Port 1 pins also serve 
alternate functions as follows: 


1 
2 
40 
1/0 
P1.0 
T2 
Timer 2 external 1/0 
CMPO+ 
Comparator 0 positive input 


2 
3 
41 
I 
P1.1 
T2EX 
Timer 2 capture input 
CMPO- 
Comparator 0 negative input 


3 
4 
42 
I 
P1.2 
ECI 
PCA count input 


4 
5 
43 
1/0 
P1.3 
CEXO 
PCA module 0 external 1/0 
CMPO 
Comparator 0 output 
5 
6 
44 
1/0 
P1.4 
CEX1 
PCA module 1 external 1/0 
CMP1 
Comparator 1 output 


6 
7 
1 
1/0 
P1.5 
CEX2 
PCA module 2 external 1/0 
CMP2 
Comparator 2 output 
7 
8 
2 
1/0 
P1.6 
CEX3 
PCA module 3 external 1/0 
CMP3 
Comparator 3 output 
8 
9 
3 
1/0 
P1.7 
CEX4 
PCA module 4 external 1/0 


P2.0-P2.7 
21-28 
24-31 
18-25 
1/0 
Port 2: Port 2 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 2 pins that have 1s 
written to them can be used as inputs, but will source current when externally pulled low 
(see DC Electrical Characteristics: IILl. Port 2 emits the high-order address byte during 
accesses to external program and data memory that use 16-bit addresses (MOVX 
@DPTR). In this application, it uses strong internal pull-ups when emitting 1s. Port 2 
receives the high-order address byte during program verification and EPROM programming. 
During reset, port 2 will be asynchronously driven low and will remain low until written to by 
software. 
Port 2 can be made open drain by writing to the P20D register (AIH). In open 
drain mode, weak pulldowns on port 2 guarantee positive leakage current (see DC 
Electrical Characteristics 
1L1). 


P3.0-P3.7 
10-17 
11, 
5, 
1/0 
Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pUll-ups. Port 3 pins except P3.1 
13-19 
7-13 
that have 1s written to them can be used as inputs but will source current when externally 
pulled low (see DC Electrical Characteristics: IILl. P3.1 will be a high impedance pin except 
while transmitting serial data, in which case the strong pull-up will remain on continuously 
when outputting a 1 level. The P3.1 output drive level when transmitting can be set to one of 
two levels by the writing to the P3.1 register bit. During reset all pins (except P3.1) will be 
asynchronously driven low and will remain low until written to by software. All port 3 pins 
have Schmitt trigger inputs with 200mV hysteresis, except P3.2 and P3.3, which have 50mV 
hysteresis. Port 3 pins serve alternate functions as follows: 


PIN NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


Port 3: (continued) 
, 


10 
11 
5 
I 
P3.0 
RxD 
Serial receive port 


11 
13 
7 
0 
P3.1 
TxD 
Serial transmit port enabled only when transmitting serial data 
12 
14 
8 
I 
P3.2 
mTll 
External interrupt 0 


13 
15 
9 
I 
P3.3 
INTT 
External interrupt 1 


14 
16 
10 
I 
P3.4 
TO 
Timer/counter 0 input 
CMPR- 
Common - reference to comparators 1, 2, 3 


15 
17 
11 
I 
P3.5 
T1 
Timer/counter 1 input 
CMP1+ 
Comparator 1 positive input 


16 
18 
12 
0 
P3.6 
WR 
Extemal data memory write strobe 
CMP2+ 
Comparator 2 positive input 


17 
19 
13 
0 
P3.7 
R'O 
External data memory read strobe 
CMP3+ 
Comparator 3 positive input 


11ST 
9 
10 
4 
I 
Reset: A low on this pin asynchronously resets all port pins to a low state except P3.1. The 
pin must be held low with the oscillator running for 24 oscillator cycles to initialize the 
internal registers. An internal diffused resistor to Vcc permits a power on reset using only 
an external capacitor to Vss. RST has a Schmitt trigger input stage to provide additional 
noise immunity with a slow rising input voltage. 


ALEIPROO 
30 
33 
27 
I/O 
Address 
Latch Enable/Program 
Pulse: Output pulse for latching the low byte of the 


address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is skipped during each access to external data memory. ALE is 
switched off if the bit 0 in the AUXR register (8EH) is set. This pin is also the program pulse 
input (PROG) during EPROM programming. 


~ 
29 
32 
26 
0 
Program Store Enable: The read strobe to external program memory. When the device is 
executing code from the external program memory, ~ 
is activated twice each machine 


cycle, except that two ~ 
activations are skipped during each access to external data 


memory. ~ 
is not activated during fetches from internal program memory. 


EANpp 
31 
35 
29 
I 
External Access EnablelProgramming 
Supply Voltage: EA must be externally held low 


to enable the device to fetch code from external program memory locations OOaOHto 
1FFFH. If EA is held high, the device executes from intemal program memory unless the 
program counter contains an address greater than 1FFFH. This pin also receives the 
12.75V programming supply voltage (Vpp) during EPROM programming. 


XTAL1 
19 
21 
15 
I 
Crystal 1: Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, 
SYMBOL, 
OR ALTERNATIVE 
PORT 
FUNCTION 
RESET 
ADDRESS 
MSB 
LSB 
VALUE 


ACC' 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


AUXR# 
Auxiliary 
8EH 
- 
- 
- 
I 
- 
- 
I - 
LO 
I 
AO 
xxxxxxOOB 


B' 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


CCAPOH# 
Module 
0 Capture 
High 
FAH 
xxxxxxxxB 


CCAP1H# 
Module 
1 Capture 
High 
FBH 
xxxxxxxxB 


CCAP2H# 
Module 
2 Capture 
High 
FCH 
xxxxxxxxB 


CCAP3H# 
Module 
3 Capture 
High 
FDH 
xxxxxxxxB 


CCAP4H# 
Module 
4 Capture 
High 
FEH 
xxxxxxxxB 


CCAPOL# 
Module 
0 Capture 
Low 
EAH 
xxxxxxxxB 


CCAP1L# 
Module 
1 Capture 
Low 
EBH 
xxxxxxxxB 


CCAP2L# 
Module 
2 Capture 
Low 
ECH 
xxxxxxxxB 


CCAP3L# 
Module 
3 Capture 
Low 
EDH 
xxxxxxxxB 


CCAP4L# 
Module 
4 Capture 
Low 
EEH 
xxxxxxxxB 


CCAPMO# 
Module 
0 Mode 
DAH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM1# 
Module 
1 Mode 
DBH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM2# 
Module 
2 Mode 
DCH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM3# 
Module 
3 Mode 
DDH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM4# 
Module 
4 Mode 
DEH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 


CCON'# 
PCA 
Counter 
Control 
D8H 
CF 
CR 
I 
- 
I CCF4 
CCF3 
I CCF2 
CCF1 
CCFO 
OOxOOOOOB 


CH# 
PCA 
Counter 
High 
F9H 
OOH 
CL# 
PCA 
Counter 
Low 
E9H 
OOH 


CMOD# 
PCA 
Counter 
Mode 
D9H 
CIDL 
WDTE 
I 
- 
I 
- 
- 
CPS1 
CPSO 
ECF 
OOxxxOOOB 


EF 
EE 
ED 
EC 
EB 
EA 
E9 
E8 


CMP'# 
Comparator 
E8H 
EC3DP 
EC2DP 
I EC1 DP I ECODP 
C3RO 
C2RO I C1RO 
CORO 
OOH 


CMPE# 
Comparator 
Enable 
91H 
EC3TDC 
EC2TDC I EC1TDC I ECOTDC 
EC30D 
EC20D I WOO 
ECOOD 
OOH 


DPTR: 
Data 
Pointer 
(2 bytes) 


DPH 
Data 
Pointer 
High 
83H 
OOH 
DPL 
Data 
Pointer 
Low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE' 
Interrupt 
Enable 
A8H 
EA 
EC 
I 
ET2 
ES 
ET1 
EX1 
I 
ETO 
EXO 
OOH 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP' 
Interrupt 
Priority 
B8H 
- 
PPC 
I 
PT2 
PS 
PT1 
PX1 
I 
PTO 
PXO 
xOOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO' 
Port 
0 
80H 
AD7 
AD6 
I 
ADS 
AD4 
I 
AD3 
AD2 
I AD1 
ADO 
OOH 


97 
96 
95 
94 
93 
92 
91 
90 


P1' 
Port 
1 
90H 
CEX4 
I CEX3 
I CEX2 
CEX1 I CEXO 
EXI 
I T2EX 
T2 
OOH 


A7 
A6 
AS 
A4 
A3 
A2 
A1 
AO 


P2' 
Port 
2 
AOH 
AD15 
I AD14 
I AD13 
AD12 
I 
AD11 
AD10 
I AD9 
AD8 
OOH 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


P3' 
Port 
3 
BOH 
RUIWRI 
T1 
TO 
I Il'm 
INTO 
I 
TxD 
I 
RxD 
OOH 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, 
SYMBOL, 
OR ALTERNATIVE 
PORT 
FUNCTION 
RESET 
ADDRESS 
MSB 
LSB 
VALUE 


P200# 
Port 2 Pullup 
Oisable 
A1H 
DOH 


PCON 
Power 
Control 
87H 
SMOD1 
1 SMODO 
1 
OSF1 
I 
pOF1 
1 
LVF1 
1 
GFO 
1 
PO 
1 
10L 
OOxxxOOOB 


07 
06 
05 
04 
03 
02 
01 
00 


PSW' 
Program 
Status 
Word 
OOH 
CY 
I 
AC 
1 
FO 
I 
RS1 
I 
RSO 
1 
OV 
1 
- 
I 
P 
DOH 


RACAP2H# 
Timer 
2 Capture 
High 
CBH 
DOH 


RACAP2L# 
Timer 
2 Capture 
Low 
CAH 
DOH 


SAOOR# 
Slave 
Address 
A9H 
DOH 


SAOEN# 
Slave 
Address 
Mask 
B9H 
DOH 


SBUF 
Serial 
Oata 
Buffer 
99H 
xxxxxxxxB 


9F 
9E 
90 
9C 
9B 
9A 
99 
98 


SCOW 
Serial 
Control 
98H 
SMO 
1 
SM1 
1 
SM2 
I 
REN 
1 
TB8 
1 
RB8 
1 
TI 
1 
RI 
DOH 


SP 
Stack 
Pointer 
81H 
om 


8F 
8E 
80 
8C 
8B 
8A 
89 
88 


TCOW 
Timer 
Control 
88H 
TF1 
I 
TR1 
I 
TFO 
I 
TRO 
1 
IE1 
I 
IT1 
1 
lED 
1 
lED 
DOH 


CF 
CE 
CO 
CC 
CB 
CA 
C9 
C8 


T2COW 
Timer 
2 Control 
C8H 
TF2 
·1 
EXF2 
1 
RCLK 
1 TCLK 
1 EXEN2 
1 
TR2 
1 cm 
1 CP/RL2 
DOH 


T2MOO# 
Timer 
2 Mode 
Control 
C9H 
- 
1 
- 
1 
- 
1 
- 
1 
- 
I 
- 
1 
- 
1 
OCEN 
xxxxxxxOB 


THO 
Timer 
High 
0 
8CH 
DOH 
TH1 
Timer 
High 
1 
80H 
DOH 
TH2# 
Timer 
High 
2 
COH 
DOH 
TLO 
Timer 
Low 
0 
8AH 
DOH 
TL1 
Timer 
Low 
1 
8BH 
DOH 
TL2# 
Timer 
Low 
2 
CCH 
DOH 


TMOO 
Timer 
Mode 
89H 
GATE 
1 
CfT 
I 
M1 
1 
MO 
I GATE 
I 
CfT 
I 
M1 
I 
MO 
DOH 


C7 
C6 
C5 
C4 
C3 
C2 
C1 
CO 


WDCOW# 
Watchdog Timer Control 
COH 
PRE2 
I 
PRE1 
1 
PREO 
1 
LVRE 
I 
OFRE 
1 WDRUN 
1 WDTOF 
I WDMOD 
11111101B 


WOL# 
Watchdog Timer Reload 
C1H 
DOH 
WFEE01# 
Watchdog 
Feed 
1 
C2H 
xxH 
WFEE02# 
Watchdog 
Feed 
2 
C3H 
xxH 


SFRs 
are bit addressable. 
# 
SFRs 
are modified 
from 
or added 
to the 80C51 
SFRs. 
1. 
Reset 
value 
depends 
on reset 
source. 


POWER ON CLEAR! 
POWER ON FLAG 
An on-chip Power On Detect Circuit resets 
the 8XC575 and sets the Power Off Flag 
(PCONA) on power up or if Vcc drops to 
zero momentarily. The POF can only be 
cleared by software. The RST pin is not 
driven by the power on detect circuit. The 
POF can be read by software to determine 
that a power failure has occurred and can 
also be set by software. 


LOW VOLTAGE 
DETECT 


An on-chip Low Voltage Detect circuit sets 
the Low Voltage Flag (PCON.3) if Vcc drops 
below VLOW (see DC Eiectrical 
Characteristics) and resets the 8XC575 if the 
Low Voltage Reset Enable bit (WDCONA) is 
set. If the LVRE is cleared, the reset is 
disabled but LVF will still be set if Vcc is low. 
The RST pin is not driven by the low voltage 
detect circuit. The LVF can be read by 
software to determine that Vcc was low. The 
LVF can be set or cleared by software. 


OSCILLATOR 
FAIL DETECT 


An on-chip Oscillator Fail Detect circuit sets 
the Oscillator Fail Flag (PCON.5) if the 
oscillator frequency drops below OSCF for 
one or more cycles (see AC Electrical 
Characteristics: OSCF) and resets the 
8XC575 if the Oscillator Fail Reset Enable bit 
(WDCON.3) is set. If OFRE is cleared, the 
reset is disabled but OSF will still be set if the 
oscillator fails. The RST pin is not driven by 
the oscillator fail detect circuit. The OSF can 
be read by software to determine that an 
oscillator failure has occurred. The OSF can 
be set or cleared by software. 


VLOW 
(LOWVCC 
REFERENCE) 


LOW ACTIVE 
RESET 
One of the most notable features on this part 
is the low active reset. At this time this is the 
only 80C51 derivative available that has low 
active reset. This feature makes it easier to 
interface the 8XC575 into an application to 
accommodate the power-on and iow voltage 
conditions that can occur. The low active 
reset operates exactly the same as high 
active reset with the exception that the part is 
put into the reset mode by applying a low 
level to the reset pin. For power-on reset it is 
also necessary to invert the power-on reset 
circuit; connecting the 8.2K resistor from the 
reset pin to Vcc and the lO~f capacitor from 
the reset pin to ground. Figure 1 shows all of 
the reset related circuitry. 


When reset the port pins on the 87C575 are 
driven low asynchronousiy. This is different 
from all other 80C51 derivatives. 


The 8XC575 also has Low voltage detection 
circuitry that will, if enabled, force the part to 
reset when Vcc (on the part) fails below a set 
level. Low Voltage Reset Is enabled by a 
normal reset. Low Voltage Reset can be 
disabled by clearing LVRE (bit 4 in the 
WDCON SFR) then executing a watchdog 
feed sequence (A5H to WFEED1 followed 
immediately by 5A to WFEED2). In addition 
there Is a flag (LVF) that is set if a low voltage 
condition is detected. The LVF flag is set 
even if the Low Voltage detection circuitry is 
disabled. Notice that the Low voltage 
detection circuitry does not drive the RST# 
pin so the LVF flag is the only way that the 
microcontroller can determine if it has been 
reset due to a low voltage condition. 


The 8XC575 has an on-chip power-on 
detection circuit that sets the POF (PCONA) 
flag on power up or if the Vcc level 
momentarily drops to OV. This flag can be 
used to determine if the part is being started 
from a power-on (cold start) or if a reset has 
occurred due to another condition (warm 
start). 


TIMERS 
The 87C575 has four on-chip timers. 


Timers 0 and 1 are identical in every way to 
Timers 0 and 1 on the 80C51 . 


Timer 2 on the 8XC575 is identical to the 
80C52 Timer 2 (described in detail in the 
80C52 overview) with the exception that it is 
an up or down counter. To configure the 
Timer to count down the DCEN bit in the 
T2MOD special function register must be set 
and a low level must be present on the T2EX 
pin (P1.1). 


The Watchdog timer operation and 
implementation is the same as that for the 
8XC550 (described in the 8XC550 overview) 
with the exception that the reset values of the 
WDCON and WDL special function registers 
have been changed. The changes in these 
registers cause the watchdog timer to be 
enabled with a timeout of 98304 x Tosc 
when the part is reset. The watchdog can be 
disabled by executing a valid feed sequence 
and then clearing WDRUN (bit 2 in the 
WDCON SFR). 


PROGRAMMABLE 
COUNTER 
ARRAY (PCA) 
The Programmable Counter Array is a 
special Timer that has five 16-bit 
capture/compare modules associated with it. 
Each of the modules can be programmed to 
operate in one of four modes: rising and/or 
falling edge capture, software timer, 
high-speed output, or pulse width modulator. 
Each module has a pin associated with it in 
port 1. Module 0 is connected to P1.3(CEXO), 
module 1 to P1.4(CEX1), etc.. The basic 
PCA configuration is shown in Figure 2. 


The PCA timer is a common time base for all 
five modules and can be programmed to run 
at: 1/12 the oscillator frequency, 1/4 the 
oscillator frequency, the Timer 0 overflow, or 
the input on the ECI pin (P1.2). The timer 
count source is determined from the CPS1 
and CPSO bits in the CMOD SFR as follows 
(see Figure 3): 


CPS1 
CPSO PCA Timer Count Source 


o 
0 
1/12 oscillator frequency 
o 
1 
1/4 oscillator frequency 
1 
0 
Timer 0 overfiow 
1 
1 
External Input at ECI pin 


In the CMOD SFR are three additional bits 
associated with the PCA. They are CIDL 
which allows the PCA to stop during idle 
mode, WDTE which enables or disables the 
watchdog function on module 4, and ECF 
which when set causes an interrupt and the 
PCA overflow flag CF (in the CCON SFR) to 
be set when the PCA timer overflows. These 
functions are shown in Figure 3. 


The watchdog timer function is implemented 
in module 4 as implemented in other parts 
that have a PCA that are available on the 
market. However, if a watchdog timer is 
required in the target application, it is 
recommended to use the hardware watchdog 
timer that is implemented on the 87C575 
separately from the PCA (see Figure 14). 


MODULE 
FUNCTIONS: 


16-BIT 
CAPTURE 
16-BITTIMER 
16-BIT 
HIGH 
SPEED 
OUTPUT 
8-BJT 
PWM 


WATCHDOG 
TIMER 
(MODULE 
4 ONLY) 


The CCON SFR contains the run control bit 
for the PCA and the flags for the PCA timer 
(CF) and each module (refer to Figure 6). To 
run the PCA the CR bit (CCON.6) must be 
set by software. The PCA is shut off by 
clearing this bit. The CF bit (CCON.7) is set 
when the PCA counter overflows and an 
interrupt will be generated if the ECF bit in 
the CMOD register is set, The CF bit can only 
be cleared by software. Bits 0 through 4 of 
the CCON register are the flags for the 
modules (bit 0 for module 0, bit 1 for module 
1, etc.) and are set by hardware when either 
a match or a capture occurs. These flags 
also can only be cleared by software. The 
PCA interrupt system shown in Figure 4. 


Each module in the PCA has a special 
function register associated with it. These 
registers are: CCAPMO for module 0, 
CCAPM1 for module 1, etc. (see Figure 7). 
The registers contain the bits that control the 
mode that each module will operate in. The 
ECCF bit (CCAPMn.O where n=O, 1, 2, 3, or 
4 depending on the module) enables the CCF 
flag in the CCON SFR to generate an 
interrupt when a match or compare occurs in 
the associated module. PWM (CCAPMn.1) 
enables the pulse width modulation mode. 
The TOG bit (CCAPMn.2) when set causes 
the CEX output associated with the module to 
toggle when there is a match between the 
PCA counter and the module's 
capture/compare register. The match bit MAT 
(CCAPMn.3) when set will cause the CCFn 
bit in the CCON register to be set when there 
is a match between the PCA counter and the 
module's capture/compare register. 


The next two bits CAPN (CCAPMn.4) and 
CAPP (CCAPMn.5) determine the edge that 
a capture input will be active on. The CAPN 
bit enables the negative edge, and the CAPP 
bit enables the positive edge. If both bits are 
set both edges will be enabled and a capture 
will occur for either transition. The last bit in 
the register ECOM (CCAPMn.6) when set 


enables the comparator function. Figure 8 
shows the CCAPMn settings for the various 
PCA functions. 


There are two additional registers associated 
with each of the PCA modules. They are 
CCAPnH and CCAPnL and these are the 
registers that store the 16-bit count when a 
capture occurs or a compare should occur. 
When a module is used in the PWM mode 
these registers are used to control the duty 
cycle of the output. 


PCA Capture Mode 
To use one of the PCA modules in the 
capture mode either one or both of the 
CCAPM bits CAPN and CAPP for that 
module must be set. The external CEX input 
for the module (on port 1) is sampled for a 
transition. When a valid transition occurs the 
PCA hardware loads the value of the PCA 
counter registers (CH and CL) into the 
module's capture registers (CCAPnL and 
CCAPnH). If the CCFn bit for the module in 
the CCON SFR and the ECCFn bit in the 
CCAPMn SFR are set then an interrupt will 
be generated. Refer to Figure 9. 


16-bit Software Timer Mode 
The PCA modules can be used as software 
timers by setting both the ECOM and MAT 
bits in the modules CCAPMn register. The 
PCA timer will be compared to the module's 
capture registers and when a match occurs 
an interrupt will occur if the CCFn (CCON 
SFR) and the ECCFn (CCAPMn SFR) bits for 
the module are both set (see Figure 10). 


High Speed Output Mode 
In this mode the CEX output (on port 1) 
associated with the PCA module will toggle 
each time a match occurs between the PCA 
counter and the module's capture registers. 
To activate this mode the TOG, MAT, and 
ECOM bits in the module's CCAPMn SFR 
must be set (see Figure 11). 


PCA TlMERICOUNTER 
~ 


~1iE7l 
~~ 
TO 
INTERRUPT 
PRIORITY 
DECODER 


CMOO.oB 
CCAPMn.O I ECCFn I 


Bit Addressable 


I 
CIDL 
I~~W~~D~TE~~~~~~~~= 
_ 
CPS1 


2 


CPS1 


CPSO 


Counter Idle control: CIDL = a programs the PCA Counter to continue functioning during idle Mode. CIDL = 1 programs 
it to be gated off during idle. 


Watchdog Timer Enable: WDTE = a disables Watchdog Timer function on PCA Module 4. WDTE = 1 enables it. 


Not implemented, reserved for future use: 


PCA Count Pulse Select bit 1. 


PCA Count Pulse Select bit a. 
CPS1 
CPSO 
Selected PCA Input"" 


a 
a 
a 
Internal clock, Fosc + 12 


all 
Internal clock, Fosc + 4 
1 
a 
2 
Timer 0 overflow 


1 
1 
3 
External clock at ECI/P1.2 pin (max. rate = Fosc + 8) 


PCA Enable Counter Overflow interrupt: ECF = 1 enables CF bit in CCON to generate an interrupt. ECF = 0 disables 
that function of CF. 


NOTE: 
'User 
software 
should 
not write 
15 to reserved 
bils. These 
bits may be used in future 
8051 family 
products 
10 invoke 
new features 
In that case, the reset or inactive 
value of the new 


bit will be 0, and its active 
value will be 1. The value 
read from a reserved 
bit is indeterminate. 


··-Foso 
= oscillator 
frequency 


Symbol 


CF 


CCF4 


CCF3 


CCF2 


CCF1 


CCFO 


Bit Addressable 


I 
CF 
I==CR= 
CCF4 


4 


CCF3 


3 


CCF2 


2 


CCFO 


a 


PCA Counter Overfiow flag. Set by hardware when the counter rolls over. CF flags an interrupt If bit ECF in CMOD is 
set. CF may be set by either hardware or software but can only be cleared by software. 


PCA Counter Run control bit. Set by soflware to turn the PCA counter on. Must be cleared by soflware to turn the PCA 
counter off. 


Not implemented, reserved for future use". 


PCA Module 4 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 3 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 2 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 1 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by soflware. 


PCA Module a interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by soflware. 


NOTE: 


'User 
software 
should 
not write 
15 to reserved 
bits. These 
bits may be used in fulure 
8051 famity products 
10 invoke 
new features. 
In that case, the resel or inactive 
value of the new 


bit will be O. and its active 
value will be 1. The value 
read from a reserved 
bit is indeterminate. 


CCON 
Address 
CCAPMO 
CCAPM1 
CCAPM2 
CCAPM3 
CCAPM4 


ODAH 
ODBH 
ODCH 
ODDH 
ODEH 


Not Bit Addressable 


I 
I-E-C-O-M-n-ICAPPn 
CAPNn 


Bit: 
7 
6 
5 
4 


ECOMn 


CAPPn 


CAPNn 


MATn 


Not implemented, reserved for future use". 


Enable Comparator. ECOMn ; 1 enables the comparator function. 


Capture Positive, CAPPn ; 1 enables positive edge capture. 


Capture Negative, CAPNn ; 1 enables negative edge capture. 


Match. When MATn ; 1, a match of the PCA counter with this module's compare/capture register causes the CCFn bit 
in CCON to be set, flagging an interrupt. 


Toggle. When TOGn ; 1, a match of the PCA counter with this module's compare/capture register causes the CEXn 
pin to toggle. 


Pulse Width Modulation Mode. PWMn ; 1 enables the CEXn pin to be used as a pulse width modulated output. 


Enable CCF interrupt. Enables compare/capture flag CCFn in the CCON register to generate an interrupt. 


PWMn 


ECCFn 


NOTE: 
·User software 
should 
nol write 
1s 10 reserved 
bits. These 
bits may be used in future 8051 family 
products 
10 invoke 
new features. 
In that case, 
the reset or inactive 
value of the new 


bit will be O. and lis active 
value will be 1. The value read from a reserved 
bit is indeterminate. 


- 
ECOMn 
CAPPn 
CAPNn 
MATn 
TOGn 
PWMn 
ECCFn 
MODULE FUNCTION 


X 
0 
0 
0 
0 
0 
0 
0 
No operation 


X 
X 
1 
0 
0 
0 
0 
X 
16-bit capture by a positive-edge trigger on CEXn 


X 
X 
0 
1 
0 
0 
0 
X 
16-bit capture by a negative trigger on CEXn 


X 
X 
1 
1 
0 
0 
0 
X 
16-bit capture by a transition on CEXn 


X 
1 
0 
0 
1 
0 
0 
X 
16-bit Software Timer 


X 
1 
0 
0 
1 
1 
0 
X 
16-bit High Speed Output 


X 
1 
0 
0 
0 
0 
1 
0 
8-bitPWM 


X 
1 
0 
0 
1 
X 
0 
X 
Watchdog Timer 


~ 
PCAINTERRUPT 


...~ 
;:=; , 


~ 
PCAINTERRUPT 


Pulse Width Modulator 
Mode 


All of the PCA modules can be used as PWM 
outputs. Figure 12 shows the PWM function. 
The frequency of the output depends on the 
source for the PCA timer. All of the modules 
will have the same frequency of output 
because they all share the PCA timer. The 
duty cycle of each module is independently 
variable using the module's capture register 
CCAPLn. When the value of the PCA CL 
SFR is less than the value in the module's 
CCAPLn SFR the output will be low, when it 
is equal to or greater than the output will be 
high. When CL overflows from FF to 00, 
CCAPLn is reloaded with the value in 
CCAPHn. the allows updating the PWM 
without glitches. The PWM and ECOM bits in 
the module's CCAPMn register must be set 
to enable the PWM mode. 


WATCHDOG 
TIMER 


The watchdog timer is not directiy loadable 
by the user. Instead, the value to be loaded 
into the main timer is held in an autoload 
register or is part of the mask ROM 
programming. In order to cause the main 
timer to be loaded with the appropriate value, 
a special sequence of software action must 
take place. This operation is referred to as 
feeding the watchdog timer. 


To feed the watchdog, two instructions must 
be sequentially executed successfully. No 


intervening instruction fetches are allowed, so 
interrupts should be disabled before feeding 
the watchdog. The instructions should move 
ASH to the WFEED1 register and then SAH 
to the WFEED2 register. If WFEED1 is 
correctly loaded and WFEED2 is not correctly 
loaded, then an immediate underflow will 
occur. 


The watchdog timer subsystem has two 
modes of operation. Its principal function is a 
watchdog timer. In this mode it protects the 
system from incorrect code execution by 
causing a system reset when the watchdog 
timer underflows as a result of a failure of 
software to feed the timer prior to the timer 
reaching its terminal count. If the user does 
not employ the watchdog function, the 
watchdog subsystem can be used as a timer. 
In this mode, reaching the terminal count sets 
a flag. In most other respects, the timer mode 
possesses the characteristics of the 
watchdog mode. This is done to protect the 
integrity of the watchdog function. 


The watchdog timer subsystem consists of a 
prescaler and a main counter. The prescaler 
has 8 selectable taps off the final stages and 
the output of a selected tap provides the 
clock to the main counter. The main counter 
is the section that is loaded as a result of the 
software feeding the watchdog and it is the 
section that causes the system reset 


(watchdog mode) or time-out flag to be set 
(timer mode) if allowed to reach its terminal 
count. 


Programming 
the Watchdog 
Timer 
Both the EPROM and ROM devices have a 
set of SFRs for holding the watchdog 
autoload values and the controi bits. The 
watchdog time-out flag is present in the 
watchdog control register and operates the 
same in all versions. In the EPROM device, 
the watchdog parameters (autoload value 
and control) are always taken from the SFRs. 
In the ROM device, the watchdog parameters 
can be mask programmed or taken from the 
SFRs. The selection to take the watchdog 
parameters from the SFRs or from the mask 
programmed values is controlled by EA 
(external access). When EA is high (internal 
ROM access), the watchdog parameters are 
taken from the mask programmed values. If 
the watchdog is mask programmed to the 
timer mode, then the autoload values and the 
pre-scaler taps are taken from the SFRs. 
When EA is low (external access), the 
watchdog parameters are taken from the 
SFRs. The user should be able to leave code 
in his program which initializes the watchdog 
SFRs even though he has migrated to the 
mask ROM part. This allows no code 
changes from EPROM prototyping to ROM 
coded production parts. 


EPROM Device (and ROMless Operation: 
EA=O) 
In the ROMless operation (ROM part, EA = 0) 
and in the EPROM device, the watchdog 
operates in the following manner (see 
Figure 14). 


Whether the watchdog is in the watchdog or 
timer mode, when external RESET is applied, 
the following takes place: 


• Watchdog mode bit set to watchdog mode. 


• Watchdog run control bit set to ON. 


• Autoload register set to 00 (min. count). 


• Watchdog time-out flag cleared. 


• Prescaler is cleared. 


• Prescaler tap set to the highest divide. 


• Autoload takes place. 


The watchdog can be fed even though it is in 
the timer mode. 


Note that the operational concept is for the 
watchdog mode of operation, when coming 
out of a hardware reset, the software should 
load the autoload registers, set the mode to 
watchdog, and then feed the watchdog 
(cause an autoload). The watchdog will now 
be starting at a known point. 


If the watchdog is in the watchdog mode and 
running and happens to underflow at the time 


the external RESET is applied, the watchdog 
time-out flag will be cleared. 


When the watchdog is in the watchdog mode 
and the watchdog underflows, the following 
action takes place (see Figure 16): 


• Autoload takes place. 


• Watchdog time-out flag is set 


• Mode bit unchanged. 


• Watchdog run bit unchanged. 


• Autoload register unchanged. 


• Prescaler tap unchanged. 


• All other device action same as external 


reset. 


Note that if the watchdog underflows, the 
program counter will start from OOHas in the 
case of an external reset. The watchdog 
time-out flag can be examined to deterr,line if 
the watchdog has caused the reset condition. 
The watchdog time-out flag bit can be cleared 
by software. 


When the watchdog is in the timer mode and 
the timer software underflows, the following 
action takes place: 


• Autoload takes place. 


• Watchdog time-out flag is set 


• Mode bit unchanged. 


• Watchdog run bit unchanged. 


• Autoload register unchanged. 


• Prescaler tap unchanged. 


Mask ROM Device (EA = 1) 
In the mask ROM device, the watchdog 
mode bit (WDMOD) is mask programmed 
and the bit in the watchdog command register 
is read only and reflects the mask 
programmed selection. If the mask 
programmed mode bit selects the timer 
mode, then the watchdog run bit (WDRUN) 
operates as described under EPROM 
Device. If the mask programmed bit selects 
the watchdog mode, then the watchdog run 
bit has no effect on the timer operation (see 
Figure 15). 


Watchdog 
Function 
The watchdog consists of a programmable 
prescaler and the main timer. The prescaler 
derives its clock from the on-Chip oscillator. 
The prescaler consists of a divide by 12 
followed by a 13 stage counter with taps from 
stage 6 through stage 13. This is shown in 
Figure 17. The tap selection is 
programmable. The watchdog main counter 
is a down counter clocked (decremented) 
each time the programmable prescaler 
underflows. The watchdog generates an 
underflow signal (and is autoloaded) when 
the watchdog is at count 0 and the clock to 
decrement the watchdog occurs. The 
watchdog is 8 bits long and the autoload 
value can range from 0 to FFH. (The 


autoload value of 0 is permissible since the 
prescaler is cleared upon autoload). 


This leads to the following user design 
equations. Definitions :lose is the oscillator 
period, N is the selected prescaler tap value, 
W is the main counter autoload value, tMINis 
the minimum watchdog lime-out value (when 
the autoload value is 0), tMAXis the maximum 
lime-out value (when the autoload value is 
FFH), to is the design time-out value. 


tMIN= tose x 12 x 64 


tMAX= tMINx 128 x 256 


to = tMINx 2PREseALERx W + 1 
(where prescaler = 0, 1, 2, 3, 4, 5, 6, or?) 


Note that the design procedure is anticipated 
to be as follows. A tMAXwill be chosen either 
from equipment or operation considerations 
and will most likely be the next convenient 
value higher than to. (If the watchdog were 
inadvertently to start from FFH, an overflow 
would be guaranteed, barring other 
anomalies, to occur within tMAX)' Then the 
value for the prescaler would be chosen from: 


prescaler = log2 (tMAXI (lose x 12 x 256)) - 6 


This then also fixes tMIN.An autoload value 
would then be chosen from: 


W = to I tMIN- 1 


The software must be written so that a feed 
operation takes place every to seconds from 
the last feed operation. Some tradeoffs may 
need to be made. It is not advisable to 
include feed operations in minor loops or in 
subroutines unless the feed operation is a 
specific subroutine. 


Watchdog 
Control 
Register (WDCON) 


(Bit Addressable) 
Address 
CO 


The following bits of this register are read 
only in the ROM part when EA is high: 
WDMOD, PREO, PRE1, and PRE2. That is, 
the register will reflect the mask programmed 
values. In the ROM part with EA high, these 
bits are taken from mask coded bits and are 
not readable by the program. WDRUN is read 
only in the ROM part when EA is high and 


WDMOD is in the watchdog mode. When 
WDMOD is in the timer mode, WDRUN 
functions normally. 


The parameters written into WDMOD, PREO, 
PRE 1, and PRE2 by the program are not 
applied directly to the watchdog timer 
subsystem. The watchdog timer subsystem is 
directly controlled by a second register which 
stores these bits. The transfer of these bits 
from the user register (WDMOD) to the 
second control register takes place when the 
watchdog is fed. This prevents random code 
execution from directly foiling the watchdog 
function. This does not affect the operation 
where these bits are taken from mask coded 
values. 


The reset values of the WDCON and WDL 
registers will be such that the timer resets to 
the watchdog mode with a timeout period of 
12 x 64 x 128 x tose. The watchdog timer 
will not generate an interrupt. Additional bits 
in WDCON are used to disable reset 
generation by the oscillator fail and low 
voltage detect circuits. WDCON can be 
written by software only by executing a valid 
watchdog feed sequence. 


WDCON Register Bit Definitions 
WDCON.? 
PRE2 
Prescaler Select 2, 
reset to 1 
WDCON.6 
PRE1 
Prescaler Select 1, 
reset to 1 
WDCON.5 
PREO 
Prescaler Select 0, 
reset to 1 
WDCON.4 
LVRE 
Low Voltage Reset 
Enable, reset to 1 
(enabled) 
WDCON.3 
OFRE 
Oscillator Fail Reset 
Enable, reset to 1 
(enabled) 


WDCON.2 
WDRUN 
Watchdog Run, 
reset to 1 (enabled) 


WDCON.1 
WDTOF 
Watchdog Timeout 
Flag, reset to 0 
WDCON.O 
WDMOD 
Watchdog Mode, 
reset to 1 (watchdog 
mode) 


Enhanced 
UART 


The UART operates in all of the usual modes 
that are described in the first section of this 
book for the 80C51. In addition the UART can 
perform framing error detect by looking for 
missing stop bits, and automatic address 
recognition. The 8?C5?5 UART also fully 
supports multiprocessor communication as 
does the standard 80C51 UART. 


When used for framing error detect the UART 
looks for missing stop bits in the 
communication. A missing bit will set the FE 
bit in the SCON register. The FE bit shares 
the SCON.? bit with SMO and the function of 
SCON.? is determined by PCON.6 (SMODO) 
(see Figure 19). If SMODO is set then 
SCON.? functions as FE. SCON.? functions 
as SMO when SMODO is cleared. When used 
as FE SCON.? can only be cleared by 
software. Refer to Figure 18. 


Automatic 
Address 
Recognition 


Automatic Address Recognition is a feature 
which allows the UART to recognize certain 
addresses in the serial bit stream by using 
hardware to make the comparisons. This 
feature saves a great deal of software 
overhead by eliminating the need for the 
software to examine every serial address 
which passes by the serial port. This feature 
is enabled by setting the SM2 bit in SCON. In 
the 9 bit UART modes, mode 2 and mode 3, 
the Receive Interrupt flag (RI) will be 
automatically set when the received byte 
contains either the "Given" address or the 
"Broadcasf' address. The 9 bit mode requires 
that the 9th information bit is a 1 to indicate 
that the received information is an address 
and not data. Automatic address recognition 
is shown in Figure 20. 


The 8 bit mode is called Mode 1. In this mode 
the RI flag will be set if SM2 is enabled and 
the information received has a valid stop bit 
following the 8 address bits and the 
information is either a Given or Broadcast 
address. 


Mode 0 is the Shift Register mode and SM2 
is ignored. 


l:.llIiIENL 
WD 
PRE2:0 
WDMOD 
~ 
2032H 
2031H 
2030H 


ROM-{;ODE 


l:.llIiIENL 
~ 
WD 
2032H 
PAE2:0 
2031H 
WDMOD 
2030H 


=B 


ECODEf.~....j 
. 


.101.... 
...............................................• 
...............................• 
.1HL .. 
.Ut.. 


Bit Addressable 
I SMOIFE I 
SMl 
SM2 
REN 
TBS 
RBS 
TJ 
RI 


Bit: 
7 
6 
5 
4 
3 
2 
0 


(SMODO = 011)" 


Framing Error bit. This bit is set by the receiver when an invalid stop bit is detected. The FE bit is not cleared by valid 
frames but should be cleared by software. The SMODO bit must be set to enable access to the FE bit. 


Serial Port Mode Bit 0, (SMODO must = 0 to access bit SMO) 


Serial Port Mode Bit 1 
SMO 
SMl 
Mode 


o 
0 
0 
o 
1 
1 
1 
0 
2 
1 
1 
3 


Description 


shift register 
8-bit UART 
9-bit UART 
9-bit UART 


Foscl12 
variable 
Foscl64 or Foscl32 
variable 


Enables the Automatic Address Recognition feature in Modes 2 or 3. If SM2 = 1 then RI will not be set unless the 
received 9th data bit (RB8) is 1, indicating an address, and the received by1eis a Given or Broadcast Address. In Mode 
1, if SM2 = 1 then RI will not be activated unless a valid stop bit was received, and the received by1eis a Given or 
Broadcast Address. In Mode 0, SM2 should be O. 


Enables serial reception. Set by software to enable reception. Clear by software to disable reception. 


The 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired. 


In modes 2 and 3, the 9th data bit that was received. In Mode 1, if SM2 = 0, RB8 is the stop bit that was received. In 
Mode 0, RB8 is not used. 


Transmit interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or at the beginning of the stop bit in the 
other modes, in any serial transmission. Must be cleared by software. 


Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or haltway through the stop bit time in 
the other modes, in any serial reception (except see SM2). Must be cleared by software. 


NOTE: 


·SMODO 
is located 
at peON6. 


·'Fose 
= oscillator 
frequency 


START 
DATA BYTE 
ONLY IN 
STOP 


BIT 
MODE 2, 3 
BIT 


SET FE BIT IF STOP BIT IS 0 (FRAMING 
ERROR) 


SMO TO UART 
MODE 
CONTROL 


Using the Automatic Address Recognition 
feature allows a master to selectively 
communicate with one or more slaves by 
invoking the Given slave address or 
addresses. All of the slaves may be 
contacted by using the Broadcast address. 
Two special Function Registers are used to 
define the slave's address, SADDR, and the 
address mask, SADEN. SADEN is used to 
define which bits in the SADDR are to bused 
and which bits are "don't care". The SADEN 
mask can be logically ANDed with the 
SADDR to create the "Given" address which 
the master will use for addressing each of the 
slaves. Use of the Given address allows 
multiple slaves to be recognized while 
excluding others. The following examples will 
help to show the versatility of this scheme: 


Slave a 
SADDR 
1100 0000 
SADEN 
1111 1101 


Given 
1100 OOXO 


Slave 1 
SADDR 
1100 0000 


SADEN 
11.ll.-111Q 


Given 
1100 OOOX 


In the above example SADDR is the same 
and the SADEN data is used to differentiate 
between the two slaves. Slave a requires a a 
in bit a and it ignores bit 1. Slave 1 requires a 
a in bit 1 and bit a is ignored. A unique 
address for Slave a would be 1100 0010 
since slave 1 requires a a in bit 1. A unique 
address for slave 1 would be 1100 0001 
since a 1 in bit a will exclude slave O.Both 


slaves can be selected at the same time by 
an address which has bit a = a (for slave 0) 
and bit 1 = a (for slave 1). Thus, both could 
be addressed with 1100 0000. 


In a more complex system the following could 
be used to select slaves 1 and 2 while 
excluding slave 0: 


Slave a 
SADDR 
1100 0000 


SADEN 
1111 1001 
Given 
1100 OXXO 


Slave 1 
SADDR 
1110 0000 
SADEN 
1111 1010 
Given 
1110 OXOX 


Slave 2 
SADDR 
1110 0000 
SADEN 
.111.L.ll.QQ 


Given 
1110 OOXX 


In the above example the differentiation 
among the 3 slaves is in the lower 3 address 
bits. Slave a requires that bit a = a and it can 
be uniquely addressed by 1110 0110. Slave 1 
requires that bit 1 = a and it can be uniquely 
addressed by 1110 and 0101. Slave 2 
requires that bit 2 = a and its unique address 
is 1110 0011. To select Slaves a and 1 and 
exclude Slave 2 use address 11100100, 
since it is necessary t make bit 2 = 1 to 
exclude slave 2. 


The Broadcast Address for each slave is 
created by taking the logical OR of SADDR 
and SADEN. Zeros in this result are treated 


as don't-cares. In most cases, interpreting 
the don't-cares as ones, the broadcast 
address will be FF hexadecimal. 


Upon reset SADDR (SFR address OA9H) and 
SADEN (SFR address OB9H) are leaded with 
as. This produces a given address of all 
"don't cares" as well as a Broadcast address 
of all "don't cares". this effectively disables 
the Automatic Addressing mode and allows 
the microcontroller to use standard 80C51 
type UART drivers which do not make use of 
this feature. 


Analog Comparators 
Four analog comparators are provided on 
chip. Three comparators have a common 
negative reference CMPR- and independent 
positive inputs CMP1+, CMP2+, CMP3+ on 
port 3. The fourth comparator has 
independent positive and negative inputs 
CMPO+ and CMPO- on port 1. The CMP 
register contains an output and enable bit for 
each comparator. The CMP register is bit 
addressable and is located at SFR address 
E8H. Figure 21 shows the connection of the 
comparators. 


Pullups at the comparator input pins will be 
disabled by hardware when the comparator is 
enabled. In addition, to make inputs high 
impedance, the corresponding port SFR bits 
must be set by software to disable the 
pulldowns. 


IN UART 
MODE 
2 OR MODE 
3 AND 5M2 
= 1: 
INTERRUPT 
IF REN=1, 
RBS=1 AND "RECEIVED 
ADDRESS" 
= "PROGRAMMED 
ADDRESS" 
- WHEN 
OWN ADDRESS 
RECEIVED, 
CLEAR 
SM2 TO RECEIVE 
DATA BYTES 
- WHEN 
ALL DATA BYTES 
HAVE 
BEEN 
RECEIVED: 
SET SM2 TO WAIT 
FOR NEXT 
ADDRESS. 


CMP Register Bit Definitions 
CMP.7 
enable comparator 3, 
disable pullups at P3A, P3.7 
CMP.6 
enable comparator 2, . 
disable pullups at P3A, P3.6 
CMP.5 
enable comparator 1, 
disable pullups at P3A, P3.5 


CMPA 
enable comparator 0, 
disable pullups at P1.0, P1.1 
comparator 3 output (read only) 
comparator 2 output (read only) 
comparator 1 output (read only) 
comparator 0 output (read only) 


CMP.3 
CMP.2 
CMP.1 
CMP.O 


All comparators are disabled automatically in 
power down mode, in idle mode unused 
comparators should be disabled by software 
to save power. A comparator can generate an 
interrupt that will terminate idle mode when 
used to drive a PCA capture input. 


The CMPE register contains bits to enable 
each comparator to drive external output pins 
or internal PCA capture inputs. Pullups at the 
output pins are disabled by hardware when 
the external comparator output is enabled. 
The comparator output is wire-ORed with the 
corresponding port SFR bit, so the SFR bit 
must also be set by software to enable the 
output. 


CMPE Register Bit Definitions 
CMPE.7 
enables comparator 3 to drive 
CEX3 
CMPE.6 
enables comparator 2 to drive 
CEX2 
CMPE.5 
enables comparator 1 to drive 
CEX1 
CMPEA 
enables comparator 0 to drive 
CEXO 
CMPE.3 
enables comparator 3 output on 
P1.6 (open drain) 
CMPE.2 
enables comparator 2 output on 
P1.5 (open drain) 
CMPE.1 
enabies comparator 1 output on 
P1A (open drain) 
CMPE.O 
enables comparator 0 output on 
P1.3 (open drain) 


When 1s are written to CM PE bits 7-4, the 
comparator outputs will drive the 
corresponding capture input. When 1s are 
written to CMPE bits 3-0 the comparator 
output will also drive the corresponding port 1 
pin. If the comparator's enabled to drive the 
capture input but not the port pin, then the 
port pin can be used for general purpose I/O. 
When a comparator output is enabled, 
pullups at the output pin are disabled and the 
output becomes open drain. 


There are two special function registers 
associated with the comparators. They are 
CMP which contains the comparator enables 
and a bit that can be read by software to 
determine the state of each comparator's 
output, and CMPE which controls whether 
the output from each comparator drives the 


associated output pin or a capture input 
associated with one of the PCA modules. 


The CMP registers bits 0-3 can be read by 
software to determine the state of the output 
of each comparator. To do this the associated 
comparator must be enabled but the output in 
port 1 can be disabled. This allows easy 
polling of the comparator output vaiue without 
the need to use up a port pin. 


The CMPE register allows the comparator to 
drive the associated PCA module capture 
input, so that on compare a capture can be 
generated in the PCA. Bits 0-3 of this 
register enable the comparator output to drive 
the associated port 1 output circuifry. Used as 
a comparator output this circuitry is open 
drain. To enable the comparator output to 
drive to port 1, the corresponding port bit 
must also be set to disable the pulldown. If 
the comparator is not enabled to drive the 
port 1 circuitry, the associated port 1 pin can 
be used for other I/O. This includes when a 
comparator is enabled to drive the capture 
input to a PCA module. 


Reduced 
EMI Mode 
There are two bits in the AUXR register that 
can be set to reduce the internal clock drive 
and disable the ALE output. AO (AUXR.O) 
when set turns off the ALE output. LO 
(AUXR.1) when set reduces the drive of the 
internal clock circuitry. Both bits are cleared 
on Reset. With LO set the 87C575 will still 
operate at 12MHz, but will have reduced EMI 
in the range above 100MHz. 


8XC575 
Reduced 
EMI Mode 


AUXR (OX8E) 


AO: 
Turns off ALE output. 


LO: 
Reduces drive of internal clock 
circuitry. 8XC5?5 spec'd to 12MHz 
when LO set. 


INTERNAL 
RESET 
Internal resets generated by the power on, 
low voltage, and oscillator fail detect circuits 
are self timed to guarantee proper 
initialization of the 8XC5?5. Reset will be held 
approximately 24 oscillator periods after 
normal conditions are detected by all enabled 
detect circuits. Internal resets do not drive 
FIST but will cause missing pulses on ALE. 


Interrupt Enable (IE) Register 
EA 
IE.? 
enable all interrupts 
EC 
1E.6 
enable PCA interrupt 
ET2 
IE.5 
enable TImer 2 interrupt 
ES 
IE.4 
enable Serial 1/0 interrupt 
ET1 
IE.3 
enable TImer 1 interrupt 
EX1 
1E.2 
enable Extemal interrupt 1 


ETO 
1E.1 
enable TImer 0 interrupt 
EXO 
IE.O 
enable Extemal interrupt 0 


Interrupt Priority (IP) Register 


IP.? 
reserved 
PPC 
IP.6 
PCA interrupt priority 
PT2 
IP.5 
TImer 2 interrupt priority 
PS 
IP.4 
Serial 1/0 interrupt priority 
PT1 
IP.3 
TImer 1 interrupt priority 
PX1 
IP.2 
External interrupt 1 priority 
PTO 
IP.1 
TImer 0 interrupt priority 
PXO 
IP.O 
External interrupt 0 priority 


PrioritySource 
1 
INTO 
2 
Timer0 
3 
INT1 
4 
Timer1 


5 
PCA 


6 
Serial1/0 
? 
Timer2 


Flag 
Vector 


lED 
03H highest priority 


TFO 
OBH 
IE1 
13H 
TF1 
1BH 


CF,CCFn33H 
RI,TI 
23H 
TF2IEXF22BH lowest priority 


Power Control (PCON) Register 
SMOD1 
PCON.? double baud rate bit 


SMODO 
PCON.6 SCON.? access control 
OSF 
PCON.5 oscillator fail flag 
POF 
PCON.4 power off flag 
LVF 
PCON.3 low voltage flag 


GFO 
PCON.2 general purpose flag 
PD 
PCON.1 power down mode bit 
IDL 
PCON.O idle mode bit 


Auxiliary Register Bit Definitions 
(AUXR= 8EH) 
AO 
AUXR.O ALE Off, 


when set turns off ALE 
LO 
AUXR.1 
Low Speed, 
reduces internal clock drive 


Port 2 Pullup Disable Register 
(P20D = OA1H) 
Port 2 pullups can be disabled by writing 
ones to P20D. Each bit in P20D controls the 
corresponding bit in P2. P20D resets to all 
zeros enabling Port 2 pullups. Writing one to 
a P20D bit disables pullups at the 
corresponding port 2 bit making the output 
open drain. 


OSCILLATOR 
CHARACTERISTICS 
XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol, 
page 741. 


To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 


IDLE MODE 
In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 


starts the processor 
in the same 
manner 
as a 
power-on reset. 


POWER-DOWN 
MODE 


In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. The control bits for the reduced 
power modes are in the special function 
register PCON. Power-down mode can be 
terminated with either a hardware reset or 
external interrupt. With an external interrupt 
JNnj or II'lTT must be enabled and 
configured as level sensitive. Holding the pin 
low restarts to oscillator and bringing the pin 
back high completes the exit. 


DESIGN CONSIDERATIONS 
At power-on, the voltage on Vcc must come 
up with flST low for a proper start-up. 


Table 2 shows the state of 110 ports during 
low current operating modes. 


MODE 
PROGRAM MEMORY 
ALE 
PSER 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


ROM CODE SUBMISSION 
When submitting ROM code for the 83C575, the following must be specified: 
1. 8k byte user ROM data 
2. 32 byte ROM encryption key 
3. 
ROM security bits 


4. The watchdog timer parameters. 


ADDRESS 
CONTENT 
BIT(S) 
COMMENT 


OOOOHto 1FFFH 
DATA 
7:0 
User ROM Data 


2000H to 201 FH 
KEY 
7:0 
ROM Encryption Key 


FFH = no encryption 


2020H 
Reserved 
2 
Must = 1 
Security Bit 2 
1 
o = enable, 1 = disable 


Security Bit 1 
0 
o = enable, 1 = disable 


2030H 
Reserved 
7:0 
Must = FFH 


2031H 
Reserved 
7:0 


... 
Must = FFH 


2032H 
WDL 1 
7:0 
Watchdog reload value 
(see specification) 


2033H 
WDCON 1 
7:5 
PRE2:0 


2033H 
WDCON 1 
4 
LVRE 


2033H 
WDCON 1 
3 
OFRE 


2033H 
WDCON 1 
2 
WDF=O, not ROM coded 


2033H 
WDCON 1 
1 
WDRUN=O, not ROM coded 


2033H 
WDCON 1 
0 
WDMOD 


Security 
Bitl: 
When programmed, this bit has two effects on masked ROM parts: 
1. External MOVC is disabled, and 
2. 
EA# is latched on Reset. 


Security 
Bit2: 
When programmed, this bit inhibits Verify User ROM. 


PARAMETER 
RATING 
UNIT 


Operating temperature under bias 
-55 to +125 
°C 


Storage temperature range 
-65 to +150 
°C 


Voltage on ~pp 
pin to Vss 
o to +13.0 
V 


Voltage on any other pin to Vss 
-0.5 to +6.5 
V 


Maximum IOL per 1/0 pin 
15 
mA 


Power dissipation (based on package heat transfer limitations, not 
1.5 
W 
device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 


2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb; O°Cto +70°C and -40°C to +125°C, Vcc; 
5V ±20%, Vss; 
OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
Typ1 
MAX 
UNIT 


Vil 
Input low voltage (Ports 0, 2, 3, except 3.2, 3.3) 
-0.5 
0,5Vcc-o·6 
V 


VIL1 
Input low voltage (Ports 1, 3.2, 3.3) 
-0.5 
Q.65Vcc-o·5 
V 


V1l2 
Input low voltage (EA) 
0 
0.2Vce-D·45 
V 


VIl3 
Input low voltage (XTAL1; RST) 
-0.5 
0,2Vce-D·1 
V 


VIH 
Input high voltage (Ports 0, 2, 3, except 3.2, 3.3) 
0.5Vcc+0.8 
Vcc+0.5 
V 


V1Hl 
Input high voltage (Ports 1, 3.2, 3.3) 
I 
0.8Vcc+0.3 
Vcc+0.5 
V 


VIH2 
Input high voltage (EA) 
0.2Vcc+0.9 
Vcc+0.5 
V 


VIH3 
Input high voltage (XTAL1, RST) 
. 


0.7Vcc 
Vcc+0.5 
V 


HYS 
Hysteresis (Ports 0, 2, 3, except 3.2, 3.3) 
200 
mV 


HYS1 
Hysteresis (Ports 1, 3.2, 3.3) 
50 
mV 


VOL 
Output voltage low (Ports 1, 2, 3, except 3.1) 
IOL; 1.6mA 
0.45 
V 


VOL1 
Output voltage low (Ports 0, ALE, I'SEJII) 
IOl; 
3.2mA 
0.45 
V 


VOl2 
Output voltage low 
P3.1 with bit cleared 
IOL; 10.0mA 
0.50 
V 
P3.1 with bit set 
IOl; 
1.6mA 
0.45 
V 


VOH 
Output voltage high (Ports 1.2.3, 
except P3.1) 
IOH;-3OflA 
Vcc-o·7 
V 


IOH; -10flA 
Vcc-0.3 
V 


VOH1 
Output voltage high (Port 0 in external bus mode, ALE, 
IOH; -3.2rnA 
Vcc-o·7 
V 
I'SEJII) 
IOH; -200flA 
Vce-D·3 
V 


VOH2 
Output voltage high 
P3.1 with bit cleared 
IOH;-10.0mA 
Vcc-1.5 
V 
P3.1 with bit set 
IOH;-1.6mA 
Vcc-1.5 
V 


VIO 
Offset voltage comparator inputs 
-35 
+35 
mV 


VCR 
Common mode range comparator inputs 
0 
Vcc 
V 


IlL 
Logical 0 input current (Ports 1, 2, 3, except 3.1) 
VIN; 
0.45V 
-75 
flA 


ITL 
Logical 1-to-0 transition current 
See Note 4 
-600 
flA 
(Ports 2, 3, except 3.1. 3.2. 3.3) 4 


ITL1 
Logical 1-to-0 transition current (Ports 1, 3.2. 3.3) 
See Note 4 
-450 
flA 


1L1 
Input leakage current (Port 0, Port2 in open 
0.45 < VIN < Vcc 
2 
40 
flA 
drain mode)9 


Il2 
Input leakage current (EA, P3.1) 
0.45 < VIN < Vcc 
-10 
+10 
flA 


ILC 
Input leakage current comparator inputs 
0<V1N<VCC 
-1.0 
+1.0 
flA 


Icc 
Power supply current:? 
See note 6 


Active mode @ 16MHz5 
20 
30 
mA 
Idle mode @ 16MHz 
8 
12 
mA 
Power-down mode 
5 
75 
flA 


RRST 
Internal reset pull-up resistor 
VIN; 
OV 
50 
200 
kn 


VLOW 
Low V cc detect voltage 
4.0 
4.45 
V 


CIO 
Pin capacitance 10 
f;1MHz 
10 
pF 


NOTES TO THE DC ELECTRICAL CHARACTERISTICS 
TABLE: 
1. Typical ratings are not guaranteed. The values listed are at room temperature, 5V. 
2. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOls of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make Ho-O transitions during bus operations. In the 
worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 
ALE with a Schmit! Trigger, or use an address latch with a Schmit! Trigger STROBE input. IOl can exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 
3. 
Capacitive loading on ports 0 and 2 may cause the VOHon ALE and Pm:li! to momentarily fall below the 0.9Vee specification when the 
address bits are stabilizing. 
4. 
Pins of ports 1, 2 and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when VIN is between VIH and Vll· 
5. 
leeMAX at other frequencies can be determined from Figure 29. 
6. See Figures 30 through 33 for Ice test conditions. 
7. Load capacitance for port 0, ALE, and Pm:li! ; 100pF, load capacitance for all other outputs; 
80pF. 


8. 
Under steady state (non-transient) conditions, IOl must be externally limited as follows: 
Maximum IOl per port pin: 
10mA 


Maximum IOl per B-bit port: 
26mA 


Maximum total IOl for all outputs: 
71mA 


If IOl exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 


9. 
Specification applies to Port 2 when P20D bit is set. 


10. 15pF MAX for the FANpp and PO.Opins. 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°Cto +70°C and -40°C to +125°C, VCC= 5V ±20%, Vss = OV1,2 


VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
. 
MIN 
MAX 
UNIT 


1/lcLCL 
22 
Oscillator frequency: 
Speed Versions 


8XC575 
E 
6 
16 
MHz 


OSCF 
Oscillator fail detect frequency 
0.6 
5.5 
MHz 


TR 
Comparator response time 
10 
~s 


tLHLL 
22 
ALE pulse width 
2tCLCL-40 
ns 


tAVLL 
22 
Address valid to ALE low 
tCLCL-25 
ns 


tLLAX 
22 
Address hold after ALE low 
tCLCL-25 
ns 


tLLlV 
22 
ALE low to valid instruction in 
4tCLCL-75 
ns 


tLLPL 
22 
ALE low to !'SEJ\Ilow 
tCLCL-25 
ns 


tpLPH 
22 
!'SEJ\I pulse width 
3tCLCL-45 
ns 


tPLIV 
22 
!'SEJ\Ilow to valid instruction in 
3tCLCL-70 
ns 


tPXIX 
22 
Input instruction hold after!'SEJ\l 
0 
ns 


tpXIZ 
22 
Input instruction float after!'SEJ\l 
tCLCL-25 
ns 


tAVIV 
22 
Address to valid instruction in 
5tCLCL-85 
ns 


tpLAZ 
22 
!'SEJ\Ilow to address float 
10 
ns 


Data Memory 


tRLRH 
23,24 
l1D pulse width 
6lcLCL-100 
ns 


tWLWH 
23,24 
WR pulse width 
6lcLCL-100 
ns 


tRLDV 
23,24 
l1D low to valid data in 
5lcLCL-110 
ns 


tRHDX 
23,24 
Data hold after l1D 
0 
ns 


tRHDZ 
23,24 
Data float after l1D 
2lcLCL-28 
ns 


tLLDV 
23,24 
ALE low to valid data in 
8lcLCL-150 
ns 


tAvDV 
23,24 
Address to valid data in 
9lcLCL-165 
ns 


tLLWL 
23,24 
ALE low to l1D or WR low 
3lcLCL-50 
3lcLCL+50 
ns 


tAvwL 
23,24 
Address valid to WR low or l1D low 
4lcLCL-75 
ns 


tavwx 
23,24 
Data valid to WR transition 
tCLCL-30 
ns 


tWHOX 
23,24 
Data hold after WR 
tCLCL-25 
ns 


tRLAZ 
23,24 
l1D low to address float 
0 
ns 


tWHLH 
23,24 
l1D or WR high to ALE high 
tCLCL-25 
lcLCL+25 
ns 


External Clock 


tCHCX 
26 
High time 
12 
ns 


tCLCX 
26 
Low time 
12 
ns 


tCLCH 
26 
Rise time 
20 
ns 


tCHCL 
26 
Fall time 
20 
ns 


Shift Register 


tXLXL 
25 
Serial port clock cycle time 
12lcLCL 
ns 


tOVXH 
25 
Output data setup to clock rising edge 
1OlCLCL-133 
ns 


tXHOX 
25 
Output data hold after clock rising edge 
2tCLCL-60 
ns 


tXHDX 
25 
Input data hold after clock rising edge 
0 
ns 


tXHDV 
25 
Clock rising edge to input data valid 
1OlcLCL-133 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and!'SEJ\l = 100pF, load capacitance for all other outputs = 80pF. 
3. 
lntertacing the 80C32/52 to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port 0 
drivers. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
P - l'SE'l 


first character is always 't' (= time). The other 
Q - 
Output data 
characters, depending on their positions, 
A - 'RD signal 
indicate the name of a signal or the logical 
t - Time 


status of that signal. The designations are: 
V - Valid 


A - Address 
W- 
WR signal 


C - Clock 
X - 
No longer a valid logic level 


D - Input data 
Z - 
Float 
H - Logic level high 
Examples: tAVLL= Time for address valid to 


I - Instruction (program memory contents) 
ALE low. 


L - Logic level low, or ALE 
tLLPL=Time for ALE low to 
l'SE'llow. 


r- tXLXL-1 


I 
-II- tXHQX I 


taVXH ~I 


INPUT 
DATA 
'----t' 


CLEAR 
RI 


VcC-O·S- - - - 
O.7VCC 


0.4SV 
0.2VCc-o.1 


VCC-OS=X 
>C 
02VCC.o9 


o 4SV'- 
.0_2V-'C,.C-O"-_, 
_ 


TIMING 


REFERENCE 


POINTS 


NOTE: 
AC inputs during 
testing 
are driven 
at VCC 
-<1.5 tor a logic ',' 
and OASV for a logic '0'. 


Timing 
measurements 
are made at VIH min tor a logic '1' and VIL for a logic '0'. 


NOTE: 
For timing 
purposes, 
a port is no longer 
fkmting 
when 
a l00mV 
change 
from load 


voltage 
occurs, 
and begins 
10 lIoal when a 100mV change 
'rom 
the loaded 
VOt+' 


VOL level occurs. IOHflOl ~ ±..2OrnA. 


10 


FREQUENCY 
(MHz) 


Figure 29. Ice VS. FREQ 
Valid only within frequency 
specifications 
of the device under test 


Vee 


Ice 


Figure 30. Icc Test Condition, Active Mode 


All other pins are disconnected 
Figure 31. Icc Test Condition, Idle Mode 


All other pins are disconnected 


Vee-{)·5 
- - - - 


O.45V 
O.7Vee 
o.2Vee-{)·1 


leHel- 


Figure 32. Clock Signal Waveform for Icc Tests in Active and Idle Modes 
tClCH = tCHCL= 5ns 


Vee 


Ice 


Figure 33. Icc Test Condition, Power Down Mode 
All other pins are disconnected. 
Vcc = 2V to 5.5V 


EPROM CHARACTERISTICS 
To put the 87C575 in the EPROM 
programming mode, PSEN must be held high 
during power up, then driven low with reset 
active. The 87C575 is programmed by using 
a modified Quick-Pulse Programming'" 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEJI5ROO pulses. 


The 87C575 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C575 manufactured by Philips. 


Table 3 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the security bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 34 and 35. Figure 36 shows 
the circuit configuration for normal program 
memory verification. 


Quick-Pulse 
Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 34. Note that 
the 87C575 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 


The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 34. The code byte to be 
programmed into that location is applied to 
port O.RST, I'S'EN and pins of ports 2 and 3 
specified in Table 3 are held at the 'Program 
Code Data' levels indicated in Table 3. The 
ALEJI5ROO is pulsed low 25 times as shown 
in Figure 35. 


To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 1FH, using the 'Pgm 
Encryption Table' ievels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 


To program the security bits, repeat the 25 
pulse programming sequence using the 'Pgm 
Security Bit' levels. After one security bit is 
programmed, further programming of the 
code memory and encryption table is 
disabled. However, the other security bit can 
still be programmed. 


Note that the FANpp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 


Program Verification 
If security bit 2 has not been programmed, 
the on-chip program memory can be read out 
for program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 36. The other pins are held at the 
'Verify Code Data' levels indicated in Table 3. 
The contents of the address location will be 
emitted on port O.External pull-ups are 
required on port 0 for this operation. 


If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 


The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 
(030H) = 
15H indicates manufactured by 
Philips 


(BOH) = 
97H indicates 87C575 


ProgramNerify 
Algorithms 
Any algorithm in agreement with the 
conditions listed in Table 3, and which 
satisfies the timing specifications, is suitable. 


Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary 
effects, 
it 
is recommended 
that an opaque label be 
placed over the window. 
For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-slcml. Exposing the EPROM to an 
ultraviolet lamp of 12,0001lW/cml 
rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 


Erasure leaves the array in an all 1s state. 


MODE 
RST 
J5SEN 
ALEIPR"OG 
Vi./Vpp 
P2.7 
P2.6 
P3.7 
P3.6 
I 


Read signature 
0 
0 
1 
1 
0 
0 
0 
0 


Program code data 
0 
0 
O· 
Vpp 
1 
0 
1 
1 


Verify code data 
0 
0 
1 
1 
0 
0 
1 
1 


Pgm encryption table 
0 
0 
O· 
Vpp 
1 
0 
1 
0 


Pgm security bit 1 
0 
0 
O· 
Vpp 
1 
1 
1 
1 


Pgm security bit 2 
0 
0 
O· 
Vpp 
1 
1 
0 
0 


NOTE:S 
1. '0' = Valid low for that pin. '1' = valid high for that pin. 
2. Vpp = 12.75V ±0.25V. 
3. Vcc = 5V±1 0% during programming and verification. 
ALEJI5ROO receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 100llS (±10IlS) and high for a 
m'nlmum of 1OilS. 


Vcc 


P1 
PO 


RST 
BWpp 


P3.6 
ALEII'I1OG 


P3.7 
87C575 
= 


XTAl2 
P2.7 


P2.6 


XTAL1 
P2.o-P2.4 


VSS 


c' 


1 
10"SMIN --1 1-·-----100IlS±10---~~~··-·1 


o 
1 
~n~ 
~1L- 


Vcc 


Ao-A? 
P1 
PO 
PGM DATA 


RST 
BWpp 


P3,6 
ALEII'I1OG 


P3.7 
87CS75 
= 


XTAL2 
P2.7 
0= 


P2.6 


XTAL1 
P2.o-P2.4 
AB-A12 


vss 


Figure 36. Program Verification 


EPROM PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb = 21°C 
to +27°C, 
VCC = 5V±10%, 
VSS = OV (See 
Figure 
37) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply 
current 
50 
mA 


1ltCLCL 
Oscillator 
frequency 
4 
6 
MHz 


tAVGL 
Address 
setup 
to PROO 
low 
48teLCL 


lGHAX 
Address 
hold 
after 
PROO 
48teLCL 


tOVGL 
Data 
setup 
to PROO 
low 
48teLCL 


lGHOX 
Data 
hold after 
PROO 
48teLCL 


tEHSH 
P2.7 (El\lASCE:) high 
to Vpp 
48teLCL 


tSHGL 
Vpp 
setup 
to PROO 
low 
10 
lJ.S 


lGHSL 
Vpp 
hold after 
PROO 
10 
its 


lGLGH 
PROOwidth 
90 
110 
its 


tAVOV 
Address 
to data 
valid 
48teLCL 


tELOZ 
ENABCE 
low to data 
valid 
48teLCL 


tEHOZ 
Data 
float 
after ENABCE 
0 
48teLCL 


lGHGL 
PROO 
high to PROO 
low 
10 
its 


lGHOX 


lGHAX 


DESCRIPTION 
The Philips 83C576/87C576 is a 
high-performance microcontroller fabricated 
with Philips high-density CMOS technology. 
The Philips CMOS technology combines the 
high speed and density characteristics of 
HMOS with the low power attributes of 
CMOS. Philips epitaxial substrate minimizes 
latch-up sensitivity. 


The 8XC576 contains an 8k x 8 ROM 
(83C576) EPROM (87C576), a 256 x 8 RAM, 
32 I/O lines, three 16-bit counter/timers, a 
Programmable Counter Array (PCA), a 10-bit, 
6 channel AlD, 2 PWM outputs, an 8-bit UPI 
interface, a fifteen-source, two-priority level 
nested interrupt structure, an enhanced 
UART, four analog comparators, power-fail 
detect and oscillator fail detect circuits, and 
on-chip oscillator and clock circuits. 


In addition, the 8XC576 has a low active 
reset, and the port pins are reset to a low 
level. There is also a fully configurable 
watchdog timer, and internal power on clear 
circuit. The part includes idle mode and 
power-down mode states for reduced power 
consumption. 


VDD 


PO.OIADClDBO 


rANpp 


ALEIPROG 


P2.7!A15/ 
PWMlECI 
P2.61A14/ 
CEX4/PWMO 


P2.5/A l3IT2ICS 


P2.4/Al21 
T2EXlAO 


P2.31Al11 
CEX3lCMP3 
P2.21A101 
CEX2lCMP2 
P2.1/A9/ 
CEX1/CMPl 
P2.0IAB1 
CEXO/CMPO 
'8 


44 


34 
33 


PQFP 


11 
23 


12 
22 


ROM 
EPROM1 
TEMPERATURE RANGE °C AND PACKAGE 
FREQ 
DRAWING 


(MHz) 
NUMBER 


P83C576EBP N 
P87C576EBPN 
OTP 
o to +70, 40-Pin Plastic Dual In-line Package 
16 
0415C 


P83C576EBAA 
P87C576EBAA 
OTP 
o to +70, 44-Pin Plastic Leaded Chip Carrier 
16 
0403G 


P87C576EBFFA 
UV 
o to +70, 40-Pin Ceramic Dual In-line Package 
16 
0590B 


P87C576EBL KA 
UV 
o to +70, 44-Pin Ceramic Leaded Chip Carrier 
16 
1472A 


P83C576EHPN 
P87C576EHPN 
OTP 
-40 to +125, 40-Pin Plastic Dual In-line Package 
16 
0415C 


P83C576EHAA 
P87C576EHAA 
OTP 
-40 to +125, 44-Pin Plastic Leaded Chip Carrier 
16 
0403G 


P87C576EHFFA 
UV 
-40 to +125, 40-Pin Ceramic Dual In-line Package 
16 
0590B 


P87C576EHLKA 
UV 
-40 to +125, 44-Pin Ceramic Leaded Chip Carrier 
16 
1472A 


P83C576EBBB 
P87C576EBBB 
OTP 
o to +70, 44-Pin Plastic Quad Flat Pack 
16 
11180 


• 80C51 based architecture 


- 
8k x 8 ROM (83C576) 


- 
8k x 8 EPROM (87C576) 


- 
256x8RAM 


- 
10-bit, 6 channel AlD 


- 
Three 16-bit counter/timers 


- 2 PWM outputs 


- 
Programmable Counter Array 


- 
Universal Peripheral Interface 


- 
Enhanced UART 


- 
Oscillator fail detect 


- 
Low active reset 


- 
Asynchronous low port reset 


- 
Schmitt trigger inputs 


- 4 analog comparators 


- Watchdog timer 


- 
Low Vcc detect 


• Memory addressing capability 


- 
64k ROM and 64k RAM 


+VREF/AVCC 
' 


-VREpAVSS 
2 


(ADINO) PI.O 
3 


(ADIN') Pl.' 
4 


(ADIN2) Pl.2 
5 


• Power control modes: 


- 
Idle mode 


- 
Power-down mode 


• CMOS and TIL compatible 


• 4.0 to 16MHz 


• Extended temperature ranges 


• OTP package available 


• EPROM/OTP versions can be 


programmed in circuit 


• Software Reset 


• 15 source, 2 level interrupt structure 


6 
1 
4078 


39 


17 
Lee 


29 


18 
28 


CERAMIC 
AND PLASTIC 
LEADED 
CHIP 


CARRIER 
PIN FUNCTIONS 
PLASTIC 
QUAD FLAT PACK 


PIN FUNCTIONS 


17 
29 


18 
28 
12 
22 


Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 


1 
NC 
23 
NC 
1 
ADIN3/P1,3 
23 
P2.5/A13IT2ICS 
2 
+VREF/AVCC 
24 
P2.OIABlCEXOlCMPO 
2 
ADIN41P1.4 
24 
P2.6fA 14/CEX4!PWMO 
3 
-VREF/AVSS 
25 
P2,l/A9/CEX1/CMPl 
3 
AOIN5IP1.5 
25 
P2.7/Al5/PWM1/ECI 
4 
ADINO/Pl.D 
26 
P2.2/A1O/CEX2ICMP2 
4 
IlST 
26 
I'Srn 
5 
ADIN11P1.1 
27 
P2.31A 
l1/CEX3ICMP3 
5 
RxD/P3.0 
27 
ALEIPIlOO 


6 
ADIN2IP1.2 
28 
P2.4/A121T2EXfAO 
6 
NC 
28 
NC 


7 
ADIN3IP1.3 
29 
P2.5/A131T2/CS 
7 
TXD1P3.1 
29 
EJWPP 
8 
ADIN4/Pl.4 
30 
P2.61A14!CEX4IPWMO 
8 
TmOlP3.2 
30 
PO.7/AD7/DB7 
9 
ADINS/P1.5 
31 
P2,7/A15IPWM1/ECI 
9 
lNTl/P3.3 
31 
PO.61AD6/DB6 


10 
IlST 
32 
I'Srn 
10 
TOIP3.4/CMPR- 
32 
PO.5/AD5fDBS 


11 
RxD/P3.0 
33 
ALEIPIlOO 
11 
n/P3.5/CMP,+ 
33 
PO.4/AD4!DB4 


12 
NC 
34 
NC 
12 
WR!Pa.61CMP2+ 
34 
PO.3JAD3IOB3 


13 
Tx01P3.1 
35 
EJWPP 
13 
R'O/P3.7CMP3+ 
35 
PO.21AD2IDB2 


14 
TfiITO/P3.21CMP3+ 
36 
PO.7/AD7IDB7 
14 
XTAl2 
36 
PO.l/AD1/D81 


15 
TmlIP3.3JCMP2+ 
37 
PO.61AD6IDB6 
15 
XTALl 
37 
PO.O/ADO/DBa 


16 
TOIP3.4/CMP 
1+ 
38 
PO.51AD5IDB5 
16 
VSS 
38 
VCC 


17 
Tl/P3.51CMPR- 
39 
PO.4/A04/DB4 
17 
NC 
39 
NC 


18 
WRiP3.61CMPO+ 
40 
PO.31AD3IDB3 
18 
P2.0fA8JCEXO/CMPO 
40 
+VREF/AVCC 
19 
ROIP3.7/CMPO- 
41 
PO.21AD2IDB2 
19 
P2.1/A9/CEX1/CMPl 
41 
-VREpAVSS 
20 
XTAL2 
42 
PO.l/A01/OBl 
20 
P2.21A 
10ICEX2/CM?2 
42 
AOIN0IP1.0 


21 
XTAl1 
43 
PO.OJADOJDBO 
21 
P2.3JA l1/CEX3ICM?3 
43 
ADIN1/Pl.1 
22 
VSS 
44 
VCC 
22 
P2.4/A 
12fT2EXlAO 
44 
ADIN2JP1.2 


LOGIC SYMBOL 


4--- 
DBa 


4---081 
4--- 
DB2 


4---- 
DB3 


4--- 
DB4 


4--- 
DBS 


4--- 
DB6 


4--- 
DB7 


4---ADINO 
..e---AOINl 
4---AOIN2 
-c-ADIN3 
<e-ADIN4 
4---ADINS 
4---PWMl 
4--- 
CEX4IPWMO 


4---T2JCS' 
4--- 
T2EX/AO 


4--- 
CEX3lCM?3 


4--- 
CEX2/CMP2 


4--- 
CEX1/CM?1 


4--- 
CEXOICMPQ 


.------------- 
I 
I 


VCCI 
I 
vssl 


~ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


SFRs 


TIMERS 


PeA 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
__________ 
--.J 


zo 
>= 
TIMING 
(J 
AND 
:::> 
CONTROL 
~ 
'!: 


1o-SIT 


ANALOG 
TO DIGITAL 


CONVERTER 


PIN NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


VSS 
20 
22 
16 
I 
Ground: 
OV reference. 


Vcc 
40 
44 
38 
I 
Power Supply: This is the power supply voltage for normal, idle, and power-down 
operation. 


PO.0-0.7 
39-32 
43-36 
37-30 
I/O 
Port 0: Port 0 is an open-drain bidirectional I/O port. Port 0 is also the multiplexed low-order 
address and data bus during accesses to external program and data memory. In this 
application, it uses strong internal pull-ups when emitting 1s. Port 0 also receives code 
bytes during EPROM programming and outputs code bytes during program verification. 
External pull-ups are required during program verification. During reset, the port 0 
pulldowns are turned on asynchronously, and the port register is loaded with D's. Port 0 has 
4 output modes selected on a per bit basis by writing to the POMOD and POOE Special 
Function Registers as follows: 


POMOD.x 
POOE.x 
Mode Description 
0 
0 
Open drain (default). See Note 1. 


0 
1 
Weak pullup. See Note 2. 


1 
0 
High impedance. See Note 3. 


1 
1 
Push-pull. See Note 4. 


Port 0 is also the data I/O port for the Universal Peripheral Interface (UPI). When the UPI is 
enabled, the port 0 drivers are normally disabled. InpuVOutput through POis controlled by 
pin CS, WI1, rID, and A. Output is push-pull when enabled. 


P1.0-P1.5 
3-8 
5-9 
42-44 
I/O 
Port 1: Port 1 is an 8-bit bidirectional I/O port. Port 1 receives the low-order address byte 


1-3 
during program memory verification and EPROM programming. During reset, port 1 is 
configured as a high impedance analog input port. Digital push-pull outputs are enabled by 
writing 1's to the P10E (port 1 output enable) register. The programmer must take care to 
prevent digital outputs from switching while an AiD conversion is in progress. Port 1 pins 
also serve alternate functions as follows: 


1 
2 
40 
I 
+VREF/AVCC 


2 
3 
41 
I 
-VREF/AVSS 


3 
4 
42 
I/O 
P1.0/ADiNO 


4 
5 
43 
I/O 
P1.1/ADIN1 


5 
6 
44 
I/O 
P1.21ADIN2 


6 
7 
1 
I/O 
P1.3/ADIN3 


7 
8 
2 
I/O 
P1.4/ADIN4 
8 
9 
3 
I/O 
P1.5/ADIN5 


P2.0-P2.7 
21-28 
24-31 
18-25 
I/O 
Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 emits the 
high-order address byte during accesses to external program and data memory that use 
16-bit addresses (MOVX @DPTR). In this application, it uses strong internal pull-ups when 
emitting 1s. Port 2 receives the high-order address byte during program verification and 
EPROM programming. During reset, the port 2 pulldowns are turned on synchronously, and 
the port register is loaded with D's. Port 2 has the following output modes which can be 


.. 
selected 0 a per bit basis by writing to P2MA and P2MB: 


P2M1 
P2M2 
Mode Description 
0 
0 
Open drain (defaUlt). See Note 1. 


0 
1 
Weak pullup. See Note 2. 
1 
0 
High impedance. See Note 3. 


1 
1 
PUSh-pull.See Note 4. 


Port 2 pins serve alternate functions as follows: 


21 
24 
18 
P2.0 
CEXO 
PCA module 0 external I/O 
CMPO 
comparator 0 output 


22 
25 
19 
P2.1 
CEX1 
PCA module 1 external I/O 
CMP1 
comparator 1 output 


23 
26 
20 
P2.2 
CEX2 
PCA module 2 external I/O 
CMP2 
comparator 2 output 
24 
27 
21 
P2.3 
CEX3 
PCA module 3 external I/O 
CMP3 
comparator 3 output 
25 
28 
22 
P2.4 
T2EX 
timer 2 capture input 


26 
29 
23 
P2.5 
T2 
timer 2 external I/O 


27 
30 
24 
P2.6 
CEX4 
PCA module 4 external I/O 
PWMO 
Pulse width modulator 0 output 


28 
31 
25 
P2.7 
ECI 
PCA count input 
PWM1 
Pulse width modulator 1 outout 


PIN NUMBER 
., 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


P3.0-P3.7 
10-17 
11, 
5, 
110 
Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins except P3.1 
13-19 
7-13 
that have 1s written to them can be used as inputs but will source current when externally 
pulled low (see DC Electrical Characteristics: IILl. P3.1 will be a high impedance pin except 
while transmitting serial data. in which case the strong pull-up will remain on continuously 
when outputting a 1 level. The P3.1 output drive level when transmitting can be set to one of 
two levels by the writing to the P3.1 register bit. During reset all pins (except P3.1) will be 
asynchronously driven low and will remain low until written to by software. All port 3 pins 
have Schmitt trigger inputs with 200mV hysteresis, except P3.2 and P3.3, which have 50mV 
hysteresis. Port 3 has the following output modes which can be selected on a per bit basis 
by writing to P3Ml and P3M2: 


P3Ml 
P3M2 
Mode Description 
0 
0 
Open drain. See Note 1. 
0 
1 
Weak pullup (default). See Note 2. 


1 
0 
High impedance. See Note 3. 


1 
1 
Push-pull. See Note 4. 


Port 3 pins serve altemate functions as follows: 
10 
11 
5 
I 
P3.0 
RxD 
Serial receive port 


11 
13 
7 
0 
P3.1 
TxD 
Serial transmit port (enabled only when transmitting serial data) 
12 
14 
8 
I 
P3.2 
JNTll 
External interrupt 0 


13 
15 
9 
I 
P3.3 
INTl 
External interrupt 1 
CMP3+ 
Comparator 3 positive input 


14 
16 
10 
I 
P3.4 
TO 
Timer/counter 0 input 
CMP1+ 
Comparator 1 positive input 


15 
17 
11 
I 
P3.5 
T1 
Timer/counter 1 input 
CMPR 
Common reference to comparators 1, 2, 3 


16 
18 
12 
0 
P3.6 
WR 
External data memory write strobe 
CMPO+ 
Comparator 0 positive input 


17 
19 
13 
0 
P3.7 
"RU 
External data memory read strobe 
CMPo- 
Comparator 0 negative input 


flST 
9 
10 
4 
I 
Reset: A low on this pin asynchronously resets all port pins to a low state except P3.1. The 
pin must be held low with the oscillator running for 24 oscillator cycles to initialize the 
internal registers. An internal diffused resistor to VCCpermits a power on reset using only 
an external capacitor to Vss. RST has a Schmitt trigger input stage to provide additional 
noise immunity with a slow rising input voltage. 


ALEIF'ROG 
30 
33 
27 
I/O 
Address 
Latch Enable/Program 
Pulse: Output pulse for latching the low byte of the 
address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is skipped during each access to external data memory. ALE is 
switched off if the bit 0 in the AUXR register (8EH) is set. This pin is also the program pulse 
input (PROO) during EPROM programming. 


PSEI'J 
29 
32 
26 
0 
Program Store Enable: The read strobe to external program memory. When the device is 
executing code from the external program memory, PSEI'J is activated twice each machine 
cycle, except that two PSEI'J activations are skipped during each access to external data 
memory. PSEI'J is not activated during fetches from internal program memory. 


"EANpp 
31 
35 
29 
I 
External Access EnablelProgramming 
Supply Voltage: EA must be externally held low 


to enable the device to fetch code from external program memory locations OOOOHto 
1FFFH. If EA is held high, the device executes from internal program memory unless the 
program counter contains an address greater than 1FFFH. This pin also receives the 
12.75V programming supply voltage (Vpp) during EPROM programming. 


XTALl 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


NOTES: 
1. When Open Drain mode is selected, ports 0 and 2 have weak pulldowns to guarantee positive leakage current (see DC electrical 
characteristic IIH)' 
2. When Weak Pullup mode is selected, ports bits that have 1's written to them can be used as inputs but will source current when externally 
pulled low (see DC electrical characteristic 'ILl. 
3. When High Impedance mode is selected, all pullups and pulldowns are turned off. The only current sourced or sunk by the pin is the 


parasitic leakage current (see DC electrical characteristic IL2or ILc, as applicable. 
4. When Push-Pull mode is selected, strong pullups are on continuously when emitting 1's (see DC electrical characteristic VOH). 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT 
ADDRESS, 
SYMBOL, 
OR ALTERNATIVE 
PORT 
FUNCTION 
RESET 
ADDRESS 
MSB 
LSB 
VALUE 


ACC" 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


ADCOH 
AID 
Channel 
0 MSB 
MH 
OOH 


ADC1H 
AID 
Channel 
1 MSB 
ABH 
OOH 


ADC2H 
AID 
Channel 
2 MSB 
ACH 
OOH 


ADC3H 
AID 
Channel 
3 MSB 
ADH 
OOH 


ADC4H 
AID 
Channel 
4 MSB 
AEH 
OOH 


ADC5H 
AID 
Channel 
5 MSB 
AFH 
OOH 


ADCOL 
AID Channel 
0 2-LSBits 
9AH 
OOH 


ADC1L 
AID Channel 
1 2-LSBits 
9BH 
OOH 


ADC2L 
AID Channel 
2 2-LSBits 
9CH 
OOH 


ADC3L 
AID Channel 
3 2-LSBits 
9CH 
OOH 


ADC4L 
AID Channel 
4 2-LSBits 
9EH 
OOH 


ADC5L 
AID Channel 
5 2-LSBits 
9FH 
OOH 


ADCON 
AID Controi 
B1H 
ADF 
I ADCE 
AD8M 
AMOD1 I AMODO 
ASCA2 
ASCA1 
ASCAO 
OOH 


ADCS 
AID Channel 
Select 
B2H 
OOH 


AUXR# 
Auxiliary 
8EH 
- 
I 
- 
- 
- 
I 
RST 
- 
LO 
AO 
xxxxxxOOB 


B" 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


CCAPOH# 
Module 
0 Capture 
High 
FAH 
xxxxxxxxB 


CCAP1H# 
Module 
1 Capture 
High 
FBH 
xxxxxxxxB 


CCAP2H# 
Module 
2 Capture 
High 
FCH 
xxxxxxxxB 


CCAP3H# 
Module 
3 Capture 
High 
FDH 
xxxxxxxxB 


CCAP4H# 
Module 
4 Capture 
High 
FEH 
xxxxxxxxB 


CCAPOL# 
Module 
0 Capture 
Low 
EAH 
xxxxxxxxB 


CCAP1L# 
Module 
1 Capture 
Low 
EBH 
xxxxxxxxB 


CCAP2L# 
Module 
2 Capture 
Low 
ECH 
xxxxxxxxB 


CCAP3L# 
Module 
3 Capture 
Low 
EDH 
xxxxxxxxB 


CCAP4L# 
Module 
4 Capture 
Low 
EEH 
xxxxxxxxB 


CCAPMO# 
Module 
0 Mode 
DAH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM1# 
Module 
1 Mode 
DBH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM2# 
Module 
2 Mode 
DCH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM3# 
Module 
3 Mode 
DDH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM4# 
Module 
4 Mode 
DEH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 


CCON"# 
PCA 
Counter 
Control 
D8H 
CF 
I 
CR 
- 
CCF4 
I 
CCF3 
CCF2 
CCF1 
I 
CCFO 
OOxOOOOOB 


CH# 
PCA 
Counter 
High 
F9H 
OOH 


CL# 
PCA 
Counter 
Low 
E9H 
OOH 


CMOD# 
PCA 
Counter 
Mode 
D9H 
CIDL 
WDTE 
- 
- 
I 
- 
CPS1 
CPSO I 
ECF 
OOxxxOOOB 


EF 
EE 
ED 
EC 
EB 
EA 
E9 
E8 


CMP"# 
Comparator 
E8H 
EC3DP 
EC2DP 
EC1DP 
ECODP 
C3RO 
I C2RO 
C1RO I CORO 
OOH 


CMPE# 
Comparator 
Enable 
91H 
EC3TDC 
EC2TDC 
EC1TDC 
ECOTDC 
EC30D I EC20D 
EC10D I ECOOD 
OOH 


DPTR: 
Data 
Pointer 
(2 bytes) 


DPH 
Data 
Pointer 
High 
83H 
OOH 
DPL 
Data 
Pointer 
Low 
82H 
OOH 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 
RESET 


ADDRESS MSB 
LSB 
VALUE 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE" 
Interrupt Enable 
A8H 
EA 
I 
EC 
I 
ET2 
I 
ES 
I 
ET1 
I 
EX1 I 
ETO I 
EXO 
OOH 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP" 
Interrupt Priority 
B8H 
- 
I 
PPC I 
PT2 
I 
PS 
I 
PT1 
I 
PX1 I PTO I 
PXO 
xOOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO" 
PortO 
80H 
A07 
I 
A06 
I 
ADS I 
A04 
I 
A03 
I 
A02 
I A01 
I 
ADO 
OOH 


97 
96 
95 
94 
93 
92 
91 
90 


P1" 
Port 1 
90H 
CEX4 I CEX3 I CEX2 I CEX1 I CEXO I 
EXI 
I T2EX I 
T2 
OOH 


A7 
A6 
AS 
A4 
A3 
A2 
A1 
AO 


P2" 
Port 2 
AOH 
A01S I A014 I A013 I A012 I A011 
I A010 I A09 
I 
A08 
OOH 


B7 
B6 
BS 
B4 
B3 
B2 
B1 
BO 


P3" 
Port 3 
BOH 
FIDIWRI 
T1 
I 
TO 
I lNTf 
I lI'JTlj I TxO I 
RxO 
OOH 


POM1 
Port 0 Output Mode 1 
84H 
OOH 
POM2 
Port 0 Output Mode 2 
8SH 
OOH 
P1M1 
Port 1 Output Mode 1 
94H 
FFH 


P1M2 
Port 1 Output Mode 2 
9SH 
OOH 
P2M1 
Port 2 Output Mode 1 
A4H 
OOH 


P2M2 
Port 2 Output Mode 2 
ASH 
FFH 


P3M1 
Port 3 Output Mode 1 
B4H 
OOH 


P3M2 
Port 3 Output Mode 2 
BSH 
FFH 


PCON 
Power Control 
87H 
SMOD1 I SMODO I OSF' 
I POF' I 
LVF' 
IWDTOFI 
PO 
I 
10L 
OOxxxOOOB 


07 
06 
05 
04 
03 
02 
01 
DO 


PSW" 
Program Status Word 
DOH 
CY 
I 
AC 
I 
FO 
I 
RS1 I 
RSO I 
OV 
I - 
I 
P 
OOH 


PWCON 
PWM Control 
BCH 
OOH 


PWMP 
PWM Prescaler 
BOH 
OOH 


PWMO 
PWM Register 0 
BEH 
OOH 
PWM1 
PWM Register 1 
BFH 
OOH 


RACAP2H# 
Timer 2 Capture High 
CBH 
OOH 
RACAP2L# 
Timer 2 Capture Low 
CAH 
OOH 


SAOORII 
Slave Address 
A9H 
OOH 
SAOENII 
Slave Address Mask 
B9H 
OOH 


SBUF 
Serial Data Buffer 
99H 
xxxxxxxxB 


9F 
9E 
90 
9C 
9B 
9A 
99 
98 


SCOW 
Serial Control 
98H 
SMO I 
SM1 I 
SM2 
I REN I 
TB8 
I 
RB8 I 
TI 
I 
RI 
OOH 


SP 
Stack Pointer 
81H 
07H 


8F 
8E 
80 
8C 
8B 
8A 
89 
88 


TCOW 
Timer Control 
88H 
TF1 
I 
TR1 I 
TFO I 
TRO I 
IE1 
I 
IT1 I 
IEO I 
IEO 
OOH 


SFRs are bit addressable. 


II 
SFRs are modified from or added to the 80CS1 SFRs. 
1. Reset value depends on reset source. 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, 
SYMBOL, 
OR ALTERNATIVE 
PORT 
FUNCTION 
RESET 
ADDRESS 
MSB 
LSB 
VALUE 


CF 
CE 
CD 
CC 
CB 
CA 
C9 
C8 


T2COW 
Timer 
2 Control 
C8H 
TF2 
I 
EXF2 
I RCLK 
I TCLK 
I EXEN2 I 
TR2 
I cm I CP/RL2 
DOH 


T2MOD# 
Timer 
2 Mode 
Control 
C9H 
- 
I 
- 
I 
- 
I - 
I 
- 
I 
- 
I 
- 
I DCEN 
xxxxxxxOB 


THO 
Timer 
High 
0 
BCH 
DOH 


TH1 
Timer 
High 
1 
8DH 
DOH 


TH2# 
Timer 
High 
2 
CDH 
DOH 


TLO 
Timer 
Low 
0 
8AH 
DOH 


TL1 
Timer 
Low 
1 
8BH 
DOH 


TL2# 
Timer 
Low 
2 
CCH 
DOH 


TMOD 
Timer 
Mode 
89H 
GATE 
I 
CIT 
I 
M1 
I 
MO 
I GATE 
I 
CIT 
I 
M1 
I 
MO 
DOH 


C7 
C6 
C5 
C4 
C3 
C2 
C1 
CO 


WDCOW# 
Watchdog Timer Control 
COH 
PRE2 
I PRE1 
I PREO I LVRE 
I OFRE 
I WDRUN IWDTOF I WDMOD 
11111101B 


WDL# 
Watchdog Timer Reload 
C1H 
DOH 


WFEED1# 
Watchdog 
Feed 
1 
C2H 
xxH 


WFEED2# 
Watchdog 
Feed 
2 
C3H 
T 
xxH 


SFRs 
are bit addressable. 


# 
SFRs 
are modified 
from 
or added 
to the 80C51 
SFRs. 
1. 
Reset 
value 
depends 
on reset 
source. 


POWER ON CLEAR! 
POWER ON FLAG 
An on-chip Power On Detect Circuit resets 
the 8XC576 and sets the Power Off Flag 
(PCON.4) on power up or if Vcc drops to 
zero momentarily. The POF can only be 
cleared by software. The RST pin is not 
driven by the power on detect circuit. The 
POF can be read by software to determine 
that a power failure has occurred and can 
also be set by software. 


LOW VOLTAGE 
DETECT 
An on-chip Low Voltage Detect circuit sets 
the Low Voltage Flag (PCON.3) if Vcc drops 
below VLQW(see DC Electrical 
Characteristics) and resets the 8XC576 if the 
Low Voltage Reset Enable bit (WDCON.4) is 
set. If the LVRE is cleared, the reset is 
disabled but LVF will still be set if Vcc is low. 
The RST pin is not driven by the low voltage 
detect circuit. The LVF can be read by 
software to determine that Vcc was low. The 
LVF can be set or cleared by software. 


OSCILLATOR 
FAIL DETECT 
An on-chip Oscillator Fail Detect circuit sets 
the Oscillator Fail Flag (PCON.5) if the 
oscillator frequency drops beiow OSCF for 
one or more cycles (see AC Electrical 
Characteristics: OSCF) and resets the 
8XC576 if the Oscillator Fail Reset Enable bit 
(WDCON.3) is set. If OFRE is cleared, the 
reset is disabled but OSF will still be set if the 
oscillator fails. The RST pin is not driven by 
the oscillator fail detect circuit. The OSF can 
be read by software to determine that an 
oscillator failure has occurred. The OSF can 
be set or cleared by software. 


VLOW 
(LOWVCC 
REFERENCE) 


LOW ACTIVE 
RESET 


One of the most notable features on this part 
is the low active reset. At this time this is the 
only 80C51 derivative available that has low 
active reset. This feature makes it easier to 
interface the 8XC576 into an application to 
accommodate the power-on and low voltage 
conditions that can occur. The low active 
reset operates exactly the same as high 
active reset with the exception that the part is 
put into the reset mode by applying a low 
level to the reset pin. For power-on reset it is 
also necessary to invert the power-on reset 
circuit; connecting the 8.2K resistor from the 
reset pin to Vcc and the 10i1lcapacitor from 
the reset pin to ground. Figure 1 shows all of 
the reset related circuitry. 


When reset the port pins on the 87C576 are 
driven low asynchronously. This is different 
from all other 80C51 derivatives. 


The 8XC576 also has Low voltage detection 
circuitry that will, if enabled, force the part to 
reset when Vcc (on the part) fails below a set 
level. Low Voltage Reset is enabled by a 
normal reset. Low Voltage Reset can be 
disabled by clearing LVRE (bit 4 in the 
WDCON SFR) then executing a watchdog 
feed sequence (A5H to WFEED1 followed 
immediateiy by 5A to WFEED2). In addition 
there is a flag (LVF) that is set if a low voltage 
condition is detected. The LVF flag is set 
even if the Low Voltage detection circuitry is 
disabled. Notice that the Low voltage 
detection circuitry does not drive the RST# 
pin so the LVF flag is the only way that the 
microcontroller can determine if it has been 
reset due to a low voltage condition. 


The 8XC576 has an on-chip power-on 
detection circuit that sets the POF (PCON.4) 
flag on power up or if the Vcc level 
momentarily drops to OV.This flag can be 
used to determine if the part is being started 
from a power-on (cold start) or if a reset has 
occurred due to another condition (warm 
start). 


TIMERS 
The 87C576 has four on-chip timers. 


Timers 0 and 1 are identical in every way to 
Timers 0 and 1 on the 80C51. 


Timer 2 on the 8XC576 is identical to the 
80C52 Timer 2 (described in detail in the 
80C52 overview) with the exception that it is 
an up or down counter. To configure the 
Timer to count down the DCEN bit in the 
T2MOD special function register must be set 
and a low level must be present on the T2EX 
pin (P1.1). 


The Watchdog timer operation and 
implementation is the same as that for the 
8XC550 (described in the 8XC550 overview) 
with the exception that the reset values of the 
WDCON and WDL special function registers 
have been changed. The changes in these 
registers cause the watchdog timer to be 
enabled with a timeout of 98304 x Tosc 
when the part is reset. The watchdog can be 
disabled by executing a valid feed sequence 
and then clearing WDRUN (bit 2 in the 
WDCONSFR). 


PROGRAMMABLE 
COUNTER 
ARRAY (PCA) 
The Programmable Counter Array is a 
special TImer that has five 16-bit 
capture/compare modules associated with it. 
Each of the modules can be programmed to 
operate in one of four modes; rising and/or 
falling edge capture, software timer, 
high-speed output, or pulse width modulator. 
Each module has a pin associated with it in 
port 1. Module 0 is connected to P1.3(CEXO), 
module 1 to P1.4(CEX1), etc. The basic PCA 
configuration is shown in Figure 2. 


The PCA timer is a common time base for all 
five modules and can be programmed to run 
at: 1/12 the oscillator frequency, 1/4 the 
oscillator frequency, the TImer 0 overflow, or 
the input on the ECI pin (P1.2). The timer 
count source is determined from the CPS1 
and CPSO bits in the CMOD SFR as follows 
(see Figure 3); 


CPS1 
CPSO PCA Timer Count Source 
o 
0 
1/120scillatorfrequency 


o 
1 
1/4 oscillator frequency 


1 
0 
TImer 0 overflow 


1 
1 
External Input at ECI pin 


In the CMOD SFR are three additional bits 
associated with the PCA. They are CIDl 
which allows the PCA to stop during idle 
mode, WDTE which enables or disables the 
watchdog function on module 4, and ECF 
which when set causes an interrupt and the 
PCA overflow flag CF (in the CCON SFR) to 
be set when the PCA timer overflows. These 
functions are shown in Figure 3. 


The watchdog timer function is implemented 
in module 4 as implemented in other parts 
that have a PCA that are available on the 
market. However, if a watchdog timer is 
required in the target application, it is 
recommended to use the hardware watchdog 
timer that is implemented on the 87C576 
separately from the PCA (see Figure 14). 


MODULE FUNCTIONS, 


16--8IT CAPTURE 
1~BITTIMER 
16--8fT 
HIGH 
SPEED 
OUTPUT 


lH3ITPWM 
WATCHDOG 
TIMER 
(MODULE 
4 ONLY) 


The CCON SFR contains the run control bit 
for the PCA and the flags for the PCA timer 
(CF) and each module (refer to Figure 6). To 
run the PCA the CR bit (CCON.6) must be 
set by software. The PCA is shut off by 
clearing this bit. The CF bit (CCON.7) is set 
when the PCA counter overflows and an 
interrupt will be generated if the ECF bit in 
the CMOD register is set, The CF bit can only 
be cleared by software. Bits 0 through 4 of 
the CCON register are the flags for the 
modules (bit 0 for module 0, bit 1 for module 
1, etc.) and are set by hardware when either 
a match or a capture occurs. These flags 
also can only be cleared by software. The 
PCA interrupt system shown in Figure 4. 


Each module in the PCA has a special 
function register associated with it. These 
registers are; CCAPMO for module 0, 
CCAPM1 for module 1, etc. (see Figure 7). 
The registers contain the bits that control the 
mode that each module will operate in. The 
ECCF bit (CCAPMn.O where n;O, 1,2, 3, or 
4 depending on the module) enables the CCF 
flag in the CCON SFR to generate an 
interrupt when a match or compare occurs in 
the associated module. PWM (CCAPMn.1) 
enables the pulse width modulation mode. 
The TOG bit (CCAPMn.2) when set causes 
the CEX output associated with the module to 
toggle when there is a match between the 
PCA counter and the module's 
capture/compare register. The match bit MAT 
(CCAPMn.3) when set will cause the CCFn 
bit in the CCON register to be set when there 
is a match between the PCA counter and the 
module's capture/compare register. 


The next two bits CAPN (CCAPMn.4) and 
CAPP (CCAPMn.5) determine the edge that 
a capture input will be active on. The CAPN 
bit enables the negative edge, and the CAPP 
bit enables the positive edge. If both bits are 
set both edges will be enabled and a capture 
will occur for either transition. The last bit in 
the register ECOM (CCAPMn.6) when set 


enables the comparator function. Figure 8 
shows the CCAPMn settings for the various 
PCA functions. 


There are two additional registers associated 
with each of the PCA modules. They are 
CCAPnH and CCAPnl 
and these are the 
registers that store the 16-bit count when a 
capture occurs or a compare should occur. 
When a module is used in the PWM mode 
these registers are used to control the duty 
cycle of the output. 


PCA Capture Mode 
To use one of the PCA modules in the 
capture mode either one or both of the 
CCAPM bits CAPN and CAPP for that 
module must be set. The external CEX input 
for the module (on port 1) is sampled for a 
transition. When a valid transition occurs the 
PCA hardware loads the value of the PCA 
counter registers (CH and Cl) into the 
module's capture registers (CCAPnl 
and 
CCAPnH). If the CCFn bit for the module in 
the CCON SFR and the ECCFn bit in the 
CCAPMn SFR are set then an interrupt will 
be generated. Refer to Figure 9. 


16-bit Software 
Timer Mode 


The PCA modules can be used as software 
timers by setting both the ECOM and MAT 
bits in the modules CCAPMn register. The 
PCA timer will be compared to the module's 
capture registers and when a match occurs 
an interrupt will occur if the CCFn (CCON 
SFR) and the ECCFn (CCAPMn SFR) bits for 
the module are both set (see Figure 10). 


High Speed Output Mode 
In this mode the CEX output (on port 1) 
associated with the PCA module will toggle 
each time a match occurs between the PCA 
counter and the module's capture registers. 
To activate this mode the TOG, MAT, and 
ECOM bits in the module's CCAPMn SFR 
must be set (see Figure 11). 


PCA TIMER/COUNTER 
~ 


r-;;;-l1iUl 
U£.J ~ 
TO 
INTERRUPT 
PRIORITY 
DECODER 


CMODooB 
CCAPMn.O I ECCFn I 


CPS1 


CPSO 


Bit Addressable 
I 
CIOL 
I 
WOTE 
CPS1 


2 


Counter Idle control: CIOL = 0 programs the PCA Counter to continue functioning during idle Mode. CIOL = 1 programs 
it to be gated 011 during idle. 


Watchdog TImer Enable: WOTE = 0 disables Watchdog TImer function on PCA Module 4. WOTE = 1 enables it. 


Not implemented, reselVed for future use: 


PCA Count Pulse Select bit 1. 


PCA Count Pulse Select bit o. 
CPS1 
CPSO 
Selected PCA Input" 
o 
0 
0 
Internal clock, Fosc .•.12 
o 
1 
1 
Internal clock, Fosc .•.4 
1 
0 
2 
TImer 0 overflow 
1 
1 
3 
External clock at ECI/P1.2 pin (rnax. rate = Fosc .•.8) 


PCA Enable Counter Overflow interrupt: ECF = 1 enables CF bit in CCON to generate an interrupt. ECF = 0 disables 
that function of CF. 


NOTE: 
·User software 
should 
nol write 
15 10 reserved 
bits. These 
bits may be used in future 
8051 family 
products 
to invoke 
new features 
In that case, 
the reset or inactive 
value of the new 


bit will be O. and its active 
value will be 1. The value read from a reserved 
bit is indeterminate 
. 
••-rose 
z oscillator 
frequency 


Symbol 


CF 


CCF4 


CCF3 


CCF2 


CCF1 


CCFO 


Bit Addressable 
I 
CF 
I 
CCF2 


2 


CCFO 


o 


Function 


PCA Counter Overflow flag. Set by hardware when the counter rolls over. CF flags an interrupt If bit ECF in CMOO is 
set. CF may be set by either hardware or software but can only be cleared by software. 


PCA Counter Run control bit. Set by software to turn the PCA counter on. Must be cleared by software to turn the PCA 
counter 011. 


Not implemented, reselVed for future use'. 


PCA Module 4 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 3 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 2 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 1 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 0 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


NOTE: 


·User software 
should 
not write 
15 10 reserved 
bits. These 
bits may be used in future 
8051 family 
products 
to invoke 
new features. 
In thaI case, the reset or inactive 
value altha 
new 
bit will be 0, and its active 
value will be 1. The value 
read from a reserved 
bit is indeterminate. 


CCON 
Address 
CCAPMO 
CCAPM1 
CCAPM2 
CCAPM3 
CCAPM4 


ODAH 
ODBH 
ODCH 
ODDH 
ODEH 


Not Bit Addressable 
I~ 
I-E-C-O-M-n-I-c-A-p-p-n-,CA,P,Nn, ~_M_A_Tn_~_T_O_G_n 
p_W_M_n E_C_C_F_n_ 


Bit: 
7 
6 
5 
4 


ECOMn 


CAPPn 


CAPNn 


MATn 


Not implemented, reserved for future use'. 


Enable Comparator. ECOMn = 1 enables the comparator function. 


Capture Positive, CAPPn = 1 enables positive edge capture. 


Capture Negative, CAPNn = 1 enables negative edge capture. 


Match. When MATn = 1, a match of the PCA counter with this module's compare/capture register causes the CCFn bit 
in CCON to be set, flagging an interrupt. 


Toggle. When TOGn = 1, a match of the PCA counter with this module's compare/capture register causes the CEXn 
pin to toggle. 


Pulse Width Modulation Mode. PWMn = 1 enables the CEXn pin to be used as a pulse width modulated output. 


Enable CCF interrupt. Enabies compare/capture flag CCFn in the CCON register to generate an interrupt. 


PWMn 


ECCFn 


NOTE: 
·User 
software 
should 
not write 
15 to reserved 
bils. These 
bils may be used in future 
8051 family 
products 
10 invoke 
new features, 
In that case, 
the reset or inactive 
value of the new 


bit will be 0, and its active 
value will be 1. The value read from a reserved 
bit is indeterminate. 


- 
ECOMn 
CAPPn 
CAPNn 
MATn 
TOGn 
PWMn 
ECCFn 
MODULE FUNCTION 


X 
0 
0 
0 
0 
0 
0 
0 
No operation 


X 
X 
1 
0 
0 
0 
0 
X 
16-bit capture by a positive-edge trigger on CEXn 


X 
X 
0 
1 
0 
0 
0 
X 
16-bit capture by a negative trigger on CEXn 


X 
X 
1 
1 
0 
0 
0 
X 
16-bit capture by a transition on CEXn 


X 
1 
0 
0 
1 
0 
0 
X 
16-bit Software Timer 


X 
1 
0 
0 
1 
1 
0 
X 
16-bit High Speed Output 


X 
1 
0 
0 
0 
0 
1 
0 
B-bit PWM 


X 
1 
0 
0 
1 
X 
0 
X 
Watchdog Timer 


~ 
PCAINTERRUPT 


···r·····················~,' 


~ 
PCAINTERRUPT 


Pulse Width Modulator Mode 
All of the PCA modules can be used as PWM 
outputs, Figure 12 shows the PWM function, 
The frequency of the output depends on the 
source for the PCA timer, All of the modules 
will have the same frequency of output 
because they all share the PCA timer, The 
duty cycle of each module is independently 
variable using the module's capture register 
CCAPLn, When the value of the PCA CL 
SFR is less than the value in the module's 
CCAPLn SFR the output will be low, when it 
is equal to or greater than the output will be 
high, When CL overflows from FF to 00, 
CCAPLn is reloaded with the value in 
CCAPHn, the allows updating the PWM 
without glitches, The PWM and ECOM bits in 
the module's CCAPMn register must be set 
to enable the PWM mode, 


WATCHDOG 
TIMER 


The watchdog timer is not directly loadable 
by the user, Instead, the value to be loaded 
into the main timer is held in an autoload 
register or is part of the mask ROM 
programming, In order to cause the main 
timer to be loaded with the appropriate value, 
a special sequence of software action must 
take place, This operation is referred to as 
feeding the watchdog timer, 


To feed the watchdog, two instructions must 
be sequentially executed successfully, No 


intervening instruction fetches are allowed, so 
interrupts should be disabled before feeding 
the watchdog, The instructions should move 
A5H to the WFEED1 register and then 5AH 
to the WFEED2 register, If WFEED1 is 
correctly loaded and WFEED2 is not correctly 
loaded, then an immediate underflow will 
occur, 


The watchdog timer subsystem has two 
modes of operation, Its principal function is a 
watchdog timer, In this mode it protects the 
system from incorrect code execution by 
causing a system reset when the watchdog 
timer underflows as a result of a failure of 
software to feed the timer prior to the timer 
reaching its terminal count. If the user does 
not employ the watchdog function, the 
watchdog subsystem can be used as a timer, 
In this mode, reaching the terminal count sets 
a flag, In most other respects, the timer mode 
possesses the characteristics of the 
watchdog mode, This is done to protect the 
integrity of the watchdog function, 


The watchdog timer subsystem consists of a 
prescaler and a main counter, The prescaler 
has B selectable taps off the final stages and 
the output of a selected tap provides the 
clock to the main counter, The main counter 
is the section that is loaded as a result of the 
software feeding the watchdog and it is the 
section that causes the system reset 


(watchdog mode) or time-out flag to be set 
(timer mode) if allowed to reach its terminal 
count. 


Programming 
the Watchdog 
Timer 


Both the EPROM and ROM devices have a 
set of SFRs for holding the watchdog 
autoload values and the control bits. The 
watchdog time-out flag is present in the 
watchdog control register and operates the 
same in all versions, In the EPROM device, 
the watchdog parameters (autoload value 
and control) are always taken from the SFRs, 
In the ROM device, the watchdog parameters 
can be mask programmed or taken from the 
SFRs, The selection to take the watchdog 
parameters from the SFRs or from the mask 
programmed values is controlled by EA 
(ex1emal access), When EA is high (internal 
ROM access), the watchdog parameters are 
taken from the mask programmed values, If 
the watchdog is mask programmed to the 
timer mode, then the autoload vaiues and the 
pre-scaler taps are taken from the SFRs, 
When EA is low (external access), the 
watchdog parameters are taken from the 
SFRs, The user should be able to leave code 
in his program which initializes the watchdog 
SFRs even though he has migrated to the 
mask ROM part, This allows no code 
changes from EPROM prototyping to ROM 
coded production parts, 


EPROM 
Device (and ROMless Operation: 


EA=O) 
In the ROMless operation (ROM part, EA = 0) 
and in the EPROM device, the watchdog 
operates in the following manner (see 
Figure 14). 


Whether the watchdog is in the watchdog or 
timer mode, when external RESET is applied, 
the following takes place: 


• Watchdog mode bit set to watchdog mode. 


• Watchdog run control bit set to ON. 


• Autoload register set to 00 (min. count). 


• Watchdog time-out flag cleared. 


• Prescaler is cleared. 


• Prescaler tap set to the highest divide. 


• Autoload takes place. 


The watchdog can be fed even though it is in 
the timer mode. 


Note that the operational concept is for the 
watchdog mode of operation, when coming 
out of a hardware reset, the software should 
load the autoload registers, set the mode to 
watchdog, and then feed the watchdog 
(cause an autoload). The watchdog will now 
be starting at a known point. 


If the watchdog is in the watchdog mode and 
running and happens to underflow at the time 


the external RESET is applied, the watchdog 
time-out flag will be cleared. 


When the watchdog is in the watchdog mode 
and the watchdog underflows, the following 
action takes place (see Figure 16): 


• Autoload takes place. 


• Watchdog time-out flag is set 


• Mode bit unchanged. 


• Watchdog run bit unchanged. 


• Autoload register unchanged. 


• Prescaler tap unchanged. 


• All other device action same as external 


reset. 


Note that if the watchdog underflows, the 
program counter will start from OOHas in the 
case of an external reset. The watchdog 
time-out flag can be examined to determine if 
the watchdog has caused the reset condition. 
The watchdog time-out flag bit can be cleared 
by software. 


When the watchdog is in the timer mode and 
the timer software underflows, the following 
action takes place: 


• Autoload takes place. 


• Watchdog time-out flag is set 


• Mode bit unchanged. 


• Watchdog run bit unchanged. 


• Autoload register unchanged. 


• Prescaler tap unchanged. 


Mask ROM Device (EA = 1) 
In the mask ROM device, the watchdog 
mode bit (WDMOD) is mask programmed 
and the bit in the watchdog command register 
is read only and reflects the mask 
programmed selection. If the mask 
programmed mode bit selects the timer 
mode, then the watchdog run bit (WDRUN) 
operates as described under EPROM 
Device. If the mask programmed bit selects 
the watchdog mode, then the watchdog run 
bit has no effect on the timer operation (see 
Figure 15). 


Watchdog 
Function 


The watchdog consists of a programmable 
prescaler and the main timer. The prescaler 
derives its clock from the on-chip oscillator. 
The prescaler consists of a divide by 12 
followed by a 13 stage counter with taps from 
stage 6 through stage 13. This is shown in 
Figure 17. The tap selection is 
programmable. The watchdog main counter 
is a down counter clocked (decremented) 
each time the programmable prescaler 
underflows. The watchdog generates an 
underflow signal (and is autoloaded) when 
the watchdog is at count a and the clock to 
decrement 
the watchdog 
occurs. 
The 


watchdog is 8 bits iong and the autoload 
value can range from a to FFH. (The 


autoload value of a is permissible since the 
prescaler is cleared upon autoload). 


This leads to the following user design 
equations. Definitions :Iose is the oscillator 
period, N is the selected prescaler tap value, 
W is the main counter autoload value, tMINis 
the minimum watchdog time-out value (when 
the autoload value is 0), tMAXis the maximum 
time-out value (when the autoload value is 
FFH), to is the design time-out value. 


tMIN= tose x 12 x 64 


tMAX= tMINx 128 x 256 


to = tMINX 2PREseALERx W + 1 
(where prescaler = 0, 1, 2, 3, 4, 5, 6, or 7) 


Note that the design procedure is anticipated 
to be as follows. A tMAXwill be chosen either 
from equipment or operation considerations 
and will most likely be the next convenient 
value higher than to. (If the watchdog were 
inadvertently to start from FFH, an overflow 
would be guaranteed, barring other 
anomalies, to occur within tMAX)'Then the 
value for the prescaler would be chosen from: 


prescaler = log2 (tMAX/ (tose x 12 x 256)) - 6 


This then also fixes tMIN.An autoload value 
would then be chosen from: 


W = to / tMIN- 1 


The software must be written so that a feed 
operation takes place every to seconds from 
the last feed operation. Some tradeoffs may 
need to be made. It is not advisable to 
include feed operations in minor loops or in 
subroutines unless the feed operation is a 
specific subroutine. 


Watchdog 
Control 
Register (WDCON) 


(Bit Addressable) 
Address 
CO 


The following bits of this register are read 
only in the ROM part when EA is high: 
WDMOD, PREO, PRE1, and PRE2. That is, 
the register will reflect the mask programmed 
values. In the ROM part with EA high, these 
bits are taken from mask coded bits and are 
not readable by the program. WDRUN is read 
only in the ROM part when EA is high and 


WDMOD is in the watchdog mode. When 
WDMOD is in the timer mode, WDRUN 
functions normally. 


The parameters written into WDMOD, PREO, 
PRE1, and PRE2 by the program are not 
applied directly to the watchdog timer 
subsystem. The watchdog timer subsystem is 
directly controlled by a second register which 
stores these bits. The transfer of these bits 
from the user register (WDMOD) to the 
second control register takes place when the 
watchdog is fed. This prevents random code 
execution from directly foiling the watchdog 
function. This does not affect the operation 
where these bits are taken from mask coded 
values. 


The reset values of the WDCON and WDL 
registers will be such that the timer resets to 
the watchdog mode with a timeout period of 
12 x 64 x 128 x tose. The watchdog timer 
will not generate an interrupt. Additional bits 
in WDCON are used to disable reset 
generation by the oscillator fail and low 
voltage detect circuits. WDCON can be 
written by software only by executing a valid 
watchdog feed sequence. 


WDCON Register Bit Definitions 
WDCON.7 
PRE2 
Prescaler Select 2, 
reset to 1 
WDCON.6 
PRE1 
Prescaler Select 1, 
reset to 1 
WDCON.5 
PREO 
Prescaler Select 0, 
reset to 1 
WDCON.4 
LVRE 
Low Voltage Reset 
Enable, reset to 1 
(enabled) 


WDCON.3 
OFRE 
Oscillator Fail Reset 
Enable, resetto 1 
(enabled) 
WDCON.2 
WDRUN 
Watchdog Run, 
reset to 1 (enabled) 


WDCON.1 
WDTOF 
Watchdog Timeout 
Flag, reset to a 
WDCON.O 
WDMOD 
Watchdog Mode, 
reset to 1 (watchdog 
mode) 


Enhanced 
UART 
The UART operates in all of the usual modes 
that are described in the first section of this 
book for the 80C51. In addition the UART can 
perform framing error detect by looking for 
missing stop bits, and automatic address 
recognition. The 87C576 UART also fully 
supports multiprocessor communication as 
does the standard 80C51 UART. 


When used for framing error detect the UART 
looks for missing stop bits in the 
communication. A missing bit will set the FE 
bit in the SCON register. The FE bit shares 
the SCON.7 bit with SMa and the function of 
SCON.7 is determined by PCON.6 (SMODO) 
(see Figure 19). If SMODO is set then 
SCON.7 functions as FE. SCON.7 functions 
as SMa when SMODO is cleared. When used 
as FE SCON.7 can only be cleared by 
software. Refer to Figure 18. 


Automatic 
Address 
Recognition 


Automatic Address Recognition is a feature 
which allows the UART to recognize certain 
addresses in the serial bit stream by using 
hardware to make the comparisons. This 
feature saves a great deai of software 
overhead by eliminating the need for the 
software to examine every serial address 
which passes by the serial port. This feature 
is enabled by setting the SM2 bit in SCON. In 
the 9 bit UART modes, mode 2 and mode 3, 
the Receive Interrupt flag (RI) will be 
automatically set when the received byte 
contains either the "Given" address or the 
"Broadcasf 
address. The 9 bit mode requires 


that the 9th information bit is a 1 to indicate 
that the received information is an address 
and not data. Automatic address recognition 
is shown in Figure 20. 


The 8 bit mode is called Mode 1. In this mode 
the RI flag will be set if SM2 is enabled and 
the information received has a valid stop bit 
following the 8 address bits and the 
information is either a Given or Broadcast 
address. 


Mode a is the Shift Register mode and SM2 
is ignored. 


l:llIIIElfI. 
WD 
PRE2:0 
WDMOD 


AI!IlIIESli 
2032H 
2031H 
2030H 
WATCHDOG 
FEED 
SEQUENCE 


MOY 
WFEED1,fOASH 
MaY 
WFEED2,15AH 


RD~ODE 


~~ 
PRE2:0 
2031H 


WDMOD 
2030H 


=B.~ . 
.0.10 ......................................• 


DECaDEnt 


.101. 
. 


110 
. 
111.. 


Bit Addressable 
I SMOIFE I 
SM1 
SM2 
REN 
TB8 
RB8 
TI 
RI 


Bit: 
7 
6 
5 
4 
3 
2 
0 


(SMODO = 0/1)' 


Framing Error bit. This bit is set by the receiver when an invalid stop bit is detected. The FE bit is not cleared by valid 
frames but should be cleared by software. The SMODO bit must be set to enable access to the FE bit. 


Serial Port Mode Bit 0, (SMODO must = 0 to access bit SMO) 


Serial Port Mode Bit 1 
SMO 
SM1 
Mode 
Description 
Baud Rate" 


o 
0 
0 
shift register 
Foscl12 


o 
1 
1 
8-bit UART 
variable 


1 
0 
2 
9-bit UART 
Foscl64 or Foscl32 


1 
1 
3 
9-bit UART 
variable 


Enables the Automatic Address Recognition feature in Modes 2 or 3. If 5M2 = 1 then RI will not be set unless the 
received 9th data bit (RB8) is 1, indicating an address, and the received byte is a Given or Broadcast Address. 
In Mode 1, if 5M2 = 1 then RI will not be activated unless a valid stop bit was received, and the received byte is a 
Given or Broadcast Address. In Mode 0, 5M2 should be O. 


Enables serial reception. Set by software to enable reception. Clear by software to disable reception. 


The 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired. 


In modes 2 and 3, the 9th data bit that was received. In Mode 1, if 5M2 = 0, RB8 is the stop bit that was received. In 
Mode 0, RB8 is not used. 


Transmit interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or at the beginning of the stop bit in the 
other modes, in any serial transmission. Must be cleared by software. 


Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or halfway through the stop bit time in 
the other modes, in any serial reception (except see 5M2). Must be cleared by software. 


NOTE: 
·SMOOO 
is located 
at PCON6. 


uFosc '" oscillator frequency 


START 
DATA BYTE 
ONLY IN 
STOP 
BIT 
MODE 
2, 3 
BIT 


Using the Automatic Address Recognition 
feature allows a master to selectively 
communicate with one or more slaves by 
invoking the Given slave address or 
addresses. All of the slaves may be 
contacted by using the Broadcast address. 
Two special Function Registers are used to 
define the slave's address, SAD DR, and the 
address mask, SADEN. SADEN is used to 
define which bits in the SADDR are to bused 
and which bits are "don't care". The SADEN 
mask can be logically ANDed with the 
SADDR to create the "Given" address which 
the master will use for addressing each of the 
slaves. Use of the Given address allows 
multiple slaves to be recognized while 
excluding others. The following examples will 
help to show the versatility of this scheme: 


Slave 0 
SADDR 
1100 0000 


SADEN 
1111 1101 


Given 
1100 OOXO 


Slave 1 
SADDR 
1100 0000 
SADEN 
lli.1...J.11Q 
Given 
1100 OOOX 


In the above example SADDR is the same 
and the SADEN data is used to differentiate 
between the two slaves. Slave 0 requires a 0 
in bit 0 and it ignores bit 1. Slave 1 requires a 
o in bit 1 and bit 0 is ignored. A unique 
address for Slave 0 would be 1100 0010 
since slave 1 requires a 0 in bit 1. A unique 
address for slave 1 would be 1100 0001 
since a 1 in bit 0 will exclude slave O.Both 


slaves can be selected at the same time by 
an address which has bit 0 = 0 (for slave 0) 
and bit 1 = 0 (for slave 1). Thus, both could 
be addressed with 11000000. 


In a more complex system the following could 
be used to select slaves 1 and 2 while 
excluding slave 0: 


Slave 0 
SADDR 
1100 0000 
SADEN 
1111 1001 
Given 
1100 OXXO 


Slave 1 
SADDR 
1110 0000 
SADEN 
1111 1010 
Given 
1110 OXOX 


Slave 2 
SADDR 
1110 0000 
SADEN 
11.1L11.OO 
Given 
1110 OOXX 


In the above example the differentiation 
among the 3 slaves is in the lower 3 address 
bits. Slave 0 requires that bit 0 = 0 and it can 
be uniquely addressed by 11100110. Slave 1 
requires that bit 1 = 0 and it can be uniquely 
addressed by 1110 and 0101. Slave 2 
requires that bit 2 = 0 and its unique address 
is 11100011. To select Slaves 0 and 1 and 
exclude Slave 2 use address 11100100, 
since it is necessary t make bit 2 = 1 to 
exclude slave 2. 


The Broadcast Address for each slave is 
created by taking the logical OR of SADDR 
and SADEN. Zeros in this result are treated 


as don't-cares. In most cases, interpreting 
the don't-cares as ones, the broadcast 
address will be FF hexadecimal. 


Upon reset SADDR (SFR address OA9H) and 
SADEN (SFR address OB9H) are leaded with 
Os.This produces a given address of all 
"don't cares" as well as a Broadcast address 
of all "don't cares". this effectively disables 
the Automatic Addressing mode and allows 
the microcontroller to use standard 80CSl 
type UART drivers which do not make use of 
this feature. 


Analog Comparators 
Four analog comparators are provided on 
chip. Three comparators have a common 
negative reference CMPR- and independent 
positive inputs CMPl +, CMP2+, CMP3+ on 
port 3. The fourth comparator has 
independent positive and negative inputs 
CMPO+ and CMPO- on port 1. The CMP 
register contains an output and enable bit for 
each comparator. The CMP register is bit 
addressable and is located at SFR address 
E8H. Figure 21 shows the connection of the 
comparators. 


Pullups at the comparator input pins will be 
disabled by hardware when the comparator is 
enabled. In addition, to make inputs high 
impedance, the corresponding port SFR bits 
must be set by software to disable the 
pulldowns. 


IN UART 
MODE 
2 OR MODE 
3 AND SM2 = 1: 
INTERRUPT 
IF REN,..1, RB8=1 
AND "RECEIVED 
ADDRESS" 
= "PROGRAMMED 
ADDRESS" 


- WHEN 
OWN ADDRESS 
RECEIVED, 
CLEAR 
SM2 TO RECEIVE 
DATA BYTES 
- WHEN 
ALL DATA BYTES 
HAVE 
BEEN 
RECEIVED: 
SET SM2 TO WArT FOR NEXT 
ADDRESS. 


CMP Register Bit Definitions 
CMP.7 
enable comparator 3, 
disable pUliups at P3.4, P3.7 
CMP.6 
enable comparator 2, 
disable pullups at P3.4, P3.6 


CMP.5 
enable comparator 1, 
disable pullups at P3.4, P3.5 


CMP.4 
enable comparator 0, 
disable pUliups at P1.0, P1.1 


CMP.3 
comparator 3 output (read only) 


CMP.2 
comparator 2 output (read only) 


CMP.1 
comparator 1 output (read only) 


CMP.O 
comparator 0 output (read only) 


All comparators are disabled automatically in 
power down mode, in idie mode unused 
comparators should be disabled by software 
to save power. A comparator can generate an 
interrupt that will terminate idle mode when 
used to drive a PCA capture input. 


The CMPE register contains bits to enable 
each comparator to drive eldernal output pins 
or intemal PCA capture inputs. Pullups at the 
output pins are disabled by hardware when 
the eldernal comparator output is enabled. 
The comparator output is wire-ORed with the 
corresponding port SFR bit, so the SFR bit 
must also be set by software to enable the 
output. 


CMPE Register Bit Definitions 
CMPE.7 
enables comparator 3 to drive 
CEX3 
CMPE.6 
enables comparator 2 to drive 
CEX2 


CMPE.5 
enables comparator 1 to drive 
CEX1 
CMPE.4 
enables comparator 0 to drive 
CEXO 
CMPE.3 
enables comparator 3 output on 
P1.6 (open drain) 
CMPE.2 
enables comparator 2 output on 
P1.5 (open drain) 
CMPE.1 
enables comparator 1 output on 
P1.4 (open drain) 
CMPE.O 
enables comparator 0 output on 
P1.3 (open drain) 


When 1s are written to CMPE bits 7-4, the 
comparator outputs will drive the 
corresponding capture input. When 1s are 
written to CMPE bits 3-0 the comparator 
output will also drive the corresponding port 1 
pin. If the comparator's enabled to drive the 
capture input but not the port pin, then the 
port pin can be used for general purpose 1/0. 
When a comparator output is enabled, 
pullups at the output pin are disabled and the 
output becomes open drain. 


There are two special function registers 
associated with the comparators. They are 
CMP which contains the comparator enables 
and a bit that can be read by software to 
determine the state of each comparator's 
output, and CMPE which controls whether 
the output from each comparator drives the 


associated output pin or a capture input 
associated with one of the PCA modules. 


The CMP registers bits 0-3 can be read by 
software to determine the state of the output 
of each comparator. To do this the associated 
comparator must be enabled but the output in 
port 1 can be disabled. This allows easy 
polling of the comparator output value without 
the need to use up a port pin. 


The CMPE register allows the comparator to 
drive the associated PCA module capture 
input, so that on compare a capture can be 
generated in the PCA. Bits 0-3 of this 
register enable the comparator output to drive 
the associated port 1 output circuitry. Used as 
a comparator output this circuitry is open 
drain. To enable the comparator output to 
drive to port 1, the corresponding port bit 
must also be set to disable the pulldown. If 
the comparator is not enabled to drive the 
port 1 circuitry, the associated port 1 pin can 
be used for other 1/0. This includes when a 
comparator is enabled to drive the capture 
input to a PCA module. 


Reduced 
EMI Mode 


There are two bits in the AUXR register that 
can be set to reduce the intemal clock drive 
and disable the ALE output. AO (AUXR.O) 
when set tums off the ALE output. LO 
(AUXR.1) when set reduces the drive of the 
internal clock circuitry. Both bits are cleared 
on Reset. With LO set the 87C576 will still 
operate at 12MHz, but will have reduced EMI 
in the range above 1OOMHz. 


P3.7I 
CMP3+ 


P3.4I 
CMPR- 


8XC576 Reduced 
EMI Mode 


AUXR (OX8E) 


AO: 
Turns off ALE output. 


LO: 
Reduces drive of internal clock 
circuitry. 8XC576 spec'd to 12MHz 
when LOset. 


INTERNAL 
RESET 
Internal resets generated by the power on, 
low voltage, and oscillator fail detect circuits 
are self timed to guarantee proper 
initialization of the 8XC576. Reset will be held 
approximately 24 oscillator periods after 
normal conditions are detected by all enabled 
detect circuits. Internal resets do not drive 
FIST but will cause missing pulses on ALE. 


Analog 
to Digital 
Converter 
The 8XC576 has a 6 channel1 0 bit 
successive approximation NO converter with 
separate result registers for each channel. 
Operating modes are provided for single or 
multiple channel conversions and multiple 
conversions of a single channel without 
software intervention. The ADC can also be 
operated in 8 bit mode with faster conversion 
times. Registers ADCOH-ADC5H contain the 
MSBs and ADCOL-ADC5L bits 6 and 7 
contain the 2 LSBs of the conversion result 
for each channel. The ADCS register 
determines which channels are converted in 
multiple channel modes. If the ADCS bit 


corresponding to a channel is set, that 
channel is converted, else if the bit is clear 
the channel is skipped. 


AID Channel Select (ADCS) Register 
(Reset Value = OOH) 
ADCS5 
ADCS.5 - NO channel 5 select bit 
ADCS4 
ADCSA - NO channel 4 select bit 
ADCS3 
ADCS.3 - NO channel 3 select bit 
ADCS2 
ADCS.2 - NO channel 2 select bit 
ADCS1 
ADCS.1 - NO channel 1 select bit 
ADCSO 
ADCS.O - NO channel 0 select bit 


NO Control 
(ADCON) Register 
(Reset Value = OOH) 
ADF 
ADCON.7 - NO conversion 


complete flag 
ADCON.6 - ND conversion enable 
ADCON.5 - ND 8-bit mode 
ADCONA - ND mode select bit 1 
ADCON.3 - NO mode select bit 0 
ADCON.2 - ND channel address 
bit2 
ASCA 1 
ADCON.1 - ND channel address 
bit 1 
ASCAO 
ADCON.O - ND channel address 
bitO 


ADCE 
AD8M 
AMOD1 
AMODO 
ASCA2 


AMODO 
o 
Single Conversion Mode - 
channel selected by bits 
ASCA2 ..0 in ADCON is 
converted, the result placed 
in the associated result 
registers; ADF is set on 
completion. 


o 
Mulitple Channel Scan Mode 
- all channels elected in the 
ADCS register are converted 
starting with the channel 
addressed by bits ASCA2 ..0 
in ADON, conversion results 
are placed in the 
corresponding result registers 
for each channel. ADF is set 
when the last conversion is 
completed. 
o 
Single Channel Multiple 
Conversion - channel 
selected by bits ASCA2 ..0 in 
ADCON is converted 6 times 
and all 6 results are saved in 
ADCOH-ADC5H and 
ADCOL-ADC5L, ADF is set 
when all conversions are 
complete. 
Multiple Channel Continuous 
- same as Multiple Channel 
Scan mode but repeats as 
long as ADCE=1, ADF is set 
when all channels have been 
converted once. Hardware 
will prevent the ADC from 
wiritin to the result registers 
while they are being read. 


Flag ADF is set upon completion of a 
conversion, if the ADC interrupt enable bit 
EAD is set, the program will vector to the 
ADC interrupt location when ADF is set. 


PWM'S 
The pulse width modulator system of the 
8XC576 contains two PWM output channels. 
These channels generate pulses of 
programmable length and interval. The 
prescaler and counter are common to both 
PWM channels. 


The prescaler is loaded with the complement 
of the PWMP register during counter 
overflow, internal reset, and when 
EN/CLR# = O.The repetition frequency is 
defined by the 8-bit prescaler which clocks 
the counter. The prescaler division factor = 
PWMP+ 1. Reading the PWMP gives the 
current reload value. The actual count of the 
prescaler cannot be read. 


The 8-bit counter counts from 0-254 
inclusive. The vaiue of the counter is 
compared to the contents of the compare 
registers PWMO and PWM1. When the 
counter compares to the compare register, 
that register's output goes LOW. When the 
counter reaches zero the output is set HIGH 
unless PWMn = OOH.The duty cycle of each 
channel is defined by the contents of its 
compare register an is in the range of 0 to 1, 
programmed in increments of 1/255. 


The outputs can be set continuously low by 
loading PWMn with OOHand continuously 
high by loading with FFH. 


The PWM counter is enabled with bit 
EN/CLR# of the PWCON register. Output to 
the port pin is separately enabled by selting 
the PWEn bits in the PWCON register. The 
counter remains active if EN/CLR# is set 


even if both PWEn bits are reset. The PWM 
function is reset by a chip reset. In idie mode, 
the PWM will function as configured by 
PWCON. In power-down the state of the 
PWM will freeze when the internal clock 
stops. If the chip is awakened with an 
external interrupt, the PWM will continue to 
function from its state when power-down was 
entered. The EN/CLR# bit of PWCON will 
clear the counter and load the contents of the 
PWMP into the prescaler when set LOW. If 
PWEn is set at this time the output will go 
HIGH unless PWMn is OOH. 


The repetition frequency is given by: 


f 
- 
fose 
PWM 
- 
((510 x (1 + PWMP)) 


An oscillator frequency of 12MHz results in a 
repetition range of 92Hz to 23.5KHz. 


The high/low ratio of PWMn if 
PWMn/(255-PWMn) 
for PWMn values 
except 255. A PWMn vlaue of 255 results in a 
high PWMn output. 


In order for the PWMn output to be used as a 
standard I/O pin, PWMn must be reset. The 
PWM counter can still be used as an internal 
timer by selting EN/CLR#. 


Auxiliary 
Register Bit Definitions 
(AUXR=8EH) 
AO 
AUXR.O 
ALE Off, when set turns off 
ALE 
LO 
AUXR.1 
Low Speed, reduces internal 
clock drive 
AUXR.2 
RST AUXR.3 
Software reset bit 


Interrupt 
Enable 0 (IEO) Register 


EA 
IEO.7 
Enable all interrupts 


EC 
IEO.6 
Enable PCA interrupt 


ET2 
IEO.5 
Enable Timer 2 interrupt 
ES 
IEO.4 
Enable Serial I/O interrupt 


ET1 
IEO.3 
Enable Timer 1 interrupt 


EX1 
IEO.2 
Enable External interrupt 1 


ETO 
IEO.1 
Enable Timer 0 interrupt 
EXO 
IEO.O 
Enable External interrupt 0 


Interrupt 
Enable 1 (IE1) Register 


EOB 
IE1.7 
Enable OBF interrupt 


EIB 
IE1.6 
Enable IBF interrupt 


EAD 
IE1.5 
Enable ADC interrupt 


EC4 
IE1.4 
Enable PCA module 4 
interrupt 


EC3 
iE1.3 
Enable PCA module 3 
interrupt 


EC2 
IE1.2 
Enable PCA moduie 2 
interrupt 


EC1 
IE1.1 
Enable PCA module 1 
interrupt 


ECO 
IE1.0 
Enable PCA module 0 
interrupt 


Interrupt 
Priority 
0 (IPO) Register 


IPO.7 
(reserved) 


PC 
IPO.6 
PCA interrupt priority 


PT2 
IPO.5 
Timer 2 interrupt priority 


PS 
IPO.4 
Serial I/O interrupt priority 


PT1 
IPO.3 
Timer 1 interrupt priority 


PX1 
IPO.2 
External interrupt 1 priority 


PTO 
IPO.1 
Timer 0 interrupt priority 
PXO 
IPO.O 
External interrupt 0 priority 


Interrupt 
Priority 
1 (IP1) Register 
POB 
IPL7 
OBF interrupt priority 


PIB 
IP1.6 
IBF interrupt priority 
PAD 
IPL5 
ADC interrupt priority 


PC4 
IP1A 
PCA module 4 interrupt 
priority 


PC3 
IP1.3 
PCA module 3 interrupt 
priority 


PC2 
IP1.2 
PCA module 2 interrupt 
priority 


PC1 
IP1.1 
PCA module 1 interrupt 
priority 
PCO 
IP1.0 
PCA module a interrupt 
priority 


Priority 
Source 
Flag 
Vector 
highest 
1 
INTO 
lEa 
03H 
priority 
2 
ADC 
ADF 
3BH 


3 
TIMER a 
TFO 
OBH 


4 
INT1 
IE1 
13H 


5 
TIMER 1 
TF1 
1BH 


6 
SERIAL 
RI,TI 
23H 


7 
PCAO 
CCO 
43H 


8 
PCA1 
CC1 
4BH 


g 
PCA2 
CC2 
53H 
10 
PCA3 
CC3 
5BH 


11 
PCA4 
CC4 
63H 


12 
PCA 
ECF 
33H 


13 
TIMER 2 
TF2/ 
EXF2 
2BH 


14 
UPI 
IBF 
6BH 


15 
UPI 
OBF 
73H 
lowest 
priority 


Power Control (PCON Register 
SMOD1 
PCON.7 
double baud rate bit 


SMODO 
PCON.6 
SCON.7 access control 


OSF 
PCON.5 
oscillator fail flag 
POF 
PCONA 
power off flag 
lVF 
PCON.3 
low voltage flag 
WDTOF 
PCON.2 
watchdog timeout flag 


PD 
PCON.1 
power down mode bit 
IDl 
PCON.O 
idle mode bit 


Auxiliary 
Register Bit Definitions 
(AUXR=8EH) 
AO 
AUXR.O 
ALE Off, 
when set turns off ALE 


lO 
AUXR.1 
low Speed, 
reduces internal clock drive 


UNIVERSAL 
PERIPHERAL 
INTERFACE 
UPI mode allows the 8XC576 to function as a 
slave processor connected to a host CPU 
bus via port O.The interface consists of port 
a input and output buffer registers and the 
UPI control/status register (UCS). UPI mode 
is enabled by setting the UPI enable bit (UE) 
in the UCS. When operating in UPI mode, 
port a pins normally float. Access to port a is 
controlled by inputs WR#, RD#, CS#, and AO. 
RD# and WR# are the external read and 
write strobes controlled by the host CPU. 


CS# is the chip select input, normally a 
decoded address from the host CPU bus, 
which qualifies RD# and WR# (these pins 
have no effect when CS#=1). The AO pin is 
an address input from the host CPU which 
selects either the port a output buffer or the 
UCS register to be output during a read 
operation. During a write operation, the value 
of the AOpin is latched in the UA flag in the 
UCS register. The following is a summary of 
the UPI data control inputs: 


cs# 
RD# 
WR# 
A 
a 
a 
1 
a 
read port a output 
buffer, clear OBF 


a 
a 
read UPI controV 
status register 


a 
a 
a 
write data to input 
buffer set IBF, clear 
AF 


a 
a 
write command to 
input buffer set ISF, 
AF 


x 
x 
disable inpuVoutput 


UPI Control 
Status Register 
(UCS, Reset value = DOH) 
User defined status bit 
User defined status bit 
User defined status bit 
User defined status bit 
UPi Enable bit - if UE=1, 
UPI is enabled, if UE=O, UPI 
is disabled and port a 
functions normally. 
Address Flag - contains 
status of the AO (address) 
pin during the last write. If 
AO=O,the input buffer 
should be interpreted as 
data by the 8XC576 
software, if AO=1, the input 
buffer should be interpreted 
as a command. 
Input Buffer Full flag - set by 
hardware on trailing (rising) 
edge of WR# when CS#=O, 
cleared by hardware when 
port a SFR is read (by the 
8XC576 software). 
Output Buffer Full flag - set 
by hardware during writes 
(by 8XC576 software) to the 
port a SFR, cleared by 
hardware on the trailing 
(rising) edge of RD# when 
CS#=O and AO=O. 


The IBF and OBF flag bits reflect the status 
of the inpuVoutput buffers. The host CPU 
writes to the 8XC576 by driving data on the 
external bus connected to port a and strobing 
the WR# pin while CS#=O. The WR# strobe 
latches port a data in the input buffer and 
sets the ISF flag on the trailing (rising) edge. 
When the 8XC576 reads from port a in UPI 


UCS.7 
ST7 
UCS.6 
ST6 


UCS.5 
ST5 


UCSA 
ST4 
UCS.3 
UE 


mode, it reads from the input buffer and 
clears the ISF. When the 8XC576 writes to 
port a in UPi mode, it writes to the output 
buffer which sets the OBF. The host CPU can 
read the output buffer or the UCS register 
enabling the port a drivers, the OBF flag is 
cleared when the output buffer is read. 


OSCILLATOR 
CHARACTERISTICS 
XTAl1 and XTAl2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic Symbol, 
page 741. 


To drive the device from an external clock 
source, XTAl1 should be driven while XTAl2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 


IDLE MODE 
In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER-DOWN 
MODE 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. The control bits for the reduced 
power modes are in the special function 
register PCON. Power-down mode can be 
terminated with either a hardware reset or 
external interrupt. With an external interrupt 
Tf\ITIj or mTf must be enabled and 
configured as level sensitive. Holding the pin 
low restarts to oscillator and bringing the pin 
back high completes the exit. 


DESIGN CONSIDERATIONS 
At power-on, the voltage on Vcc must come 
up with RST low for a proper start-up. 


Table 2 shows the state of I/O ports during 
low current operating modes. 


MODE 
PROGRAM MEMORY 
ALE 
J5SEfl 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
I 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


ROM CODE SUBMISSION 
When submitting ROM code for the 83C576, the following must be specified: 
1. 8k byte user ROM data 
2. 32 byte ROM encryption key 
3. 
ROM security bits 
4. The watchdog timer parameters. 


ADDRESS 
CONTENT 
BIT(S) 
COMMENT 


OOOOHto 1FFFH 
DATA 
7:0 
User ROM Data 


2000H to 201FH 
KEY 
7:0 
I 
ROM Encryption Key 


FFH ; no encryption 


2020H 
SEC 
0 
ROM Security Bit 1 


2020H 
SEC 
1 
ROM Security Bit 2 


o ; enable security 
1 ; disable security 


2030H 
WMOD 
0 
Watchdog mode bit; 


OOH; timer mode 


. 
01H; 
watchdog mode 


2031H 
PRE2:0 
2:0 
Watchdog prescaler selection; 


OOH; divide by 12 x 64 
07H; 
divide by 12 x 64 x 128 
(see specification) 


2032H 
WD 
7:0 
Watchdog autoload value 
(see specification) 


Security 
Bit 1: When programmed, this bit has two effects on masked ROM parts: 
1. Extemal MOVC is disabled, and 
2. 
EA# is latched on Reset. 


Security 
Bit 2: When programmed, this bit inhibits Verify User ROM. 


PARAMETER 
RATING 
UNIT 


Operating temperature under bias 
-55 to +125 
°c 


Storage temperature range 
-65 to +150 
°c 


Voltage on FANpp pin to Vss 
o to +13.0 
V 


Voltage on any other pin to Vss 
-0.5 to +6.5 
V 


Maximum IOLper I/O pin 
15 
mA 


Power dissipation (based on package heat transfer limitations, not 
1.5 
W 


device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 


functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 
2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 


charge, Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 
3, 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°Cto +70°C and -40°C to +125°C, Vcc = 5V ±20%, Vss = OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
Typ1 
MAX 
UNIT 


VIL 
Input low voltage (Ports 0, 2, 3, except 3.2, 3.3) 
-0.5 
0.5Vcc-D·6 
V 


VIU 
Input low voltage (Ports 1, 3.2, 3.3) 
-0.5 
0.65Vcc-o·5 
V 


VIL2 
Input low voltage (EA) 
0 
0.2Vcc-o.45 
V 


VIL3 
Input low voltage (XTAL1, RST) 
-0.5 
0.2Vcc-D·1 
V 


VIH 
Input high voltage (Ports 0, 2, 3, except 3.2, 3.3) 
0.5Vcc+0.8 
Vcc+0.5 
V 


VIH1 
Input high voltage (Ports 1, 3.2, 3.3) 
0.8Vcc+0.3 
Vcc+0.5 
V 


VIH2 
Input high voltage (EA) 
0.2Vcc+0.9 
Vcc+0.5 
V 


VIH3 
Input high voltage (XTAL1, RST) 
0.7Vcc 
Vcc+0.5 
V 


HYS 
Hysteresis (Ports 0, 2, 3, except 3.2, 3.3) 
200 
mV 


HYS1 
Hysteresis (Ports 1,3.2,3.3) 
50 
mV 


VOL 
Output voltage low (Ports 1, 2, 3, except 3.1) 
IOL= 1.6mA 
0.45 
V 


VOU 
Output voltage low (Ports 0, ALE, PSE1\Il 
IOL=3.2mA 
0.45 
V 


VOL2 
Output voltage low 
P3.1 with bit cleared 
IOL= 1O.0mA 
0.50 
V 
P3.1 with bit set 
IOL= 1.6mA 
0.45 
V 


VOH 
Output voltage high (Ports 1,2, 3, except P3.1) 
IOH=-3OIlA 
Vcc-o·7 
V 


IOH= -101lA 
Vcc-o·3 
V 


VOH1 
Output voltage high (Port 0 in extemal bus mode, ALE, 
IOH=-3.2mA 
Vcc-D·7 
V 
PSEI\l) 
IOH=-2OOIlA 
Vcc-D·3 
V 


VOH2 
Output voltage high 
P3.1 with bit cleared 
IOH= -10.0mA 
Vcc-1.5 
V 


P3.1 with bit set 
10ft= -1.6mA 
Vcc-1.5 
V 


VIO 
Offset voltage comparator inputs 
-35 
+35 
mV 


VCR 
Common mode range comparator inputs 
0 
Vcc 
V 


IlL 
Logical 0 input current (Ports 1, 2, 3, except 3.1) 
VIN = 0.45V 
-75 
IlA 


ITL 
Logical 1-to-0 transition current 
See Note 4 
-600 
IlA 
(Ports 2, 3, except 3.1, 3.2, 3.3) 4 


ITU 
Logical 1-to-0 transition current (Ports 1, 3.2, 3.3) 
See Note 4 
-450 
IlA 


Iu 
Input leakage current (Port 0, Port2 in open 
0.45 < VIN < Vcc 
2 
40 
IlA 
drain mode)9 


1L2 
Input leakage current (EA, P3.1) 
0.45 < VIN < Vcc 
-10 
+10 
IlA 


ILC 
Input leakage current comparator inputs 
0< VIN < Vcc 
-1.0 
+1.0 
IlA 


Icc 
Power supply current:? 
See note 6 
Active mode @ 16MHz5 
20 
30 
mA 
Idle mode @ 16MHz 
8 
12 
mA 
Power-down mode 
5 
75 
IlA 


RRST 
Internal reset pull-up resistor 
VIN = OV 
50 
200 
kn 


VLOW 
Low Vcc detect voltage 
4.0 
4.45 
V 


Clo 
Pin capacitance 10 
f= 1MHz 
10 
pF 


NOTES TO THE DC ELECTRICAL 
CHARACTERISTICS 
TABLE: 
1. Typical ratings are not guaranteed. The values listed are at room temperature, 5V. 
2. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLsof ALE and ports 1 and 3. The noise is due 


to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 
100pF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmit! Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 
3. Capacitive loading on ports 0 and 2 may cause the VOHon ALE and f'SEl\I to momentarily fall below the 0.9Vee specification when the 
address bits are stabilizing. 


4. 
Pins of ports 1,2 and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when VIN is between VIH and VIL. 
5. 
leeMAX at other frequencies can be determined from Figure 30. 
6. See Figures 30 through 34 for Ice test conditions. 
7. 
Load capacitance for port 0, ALE, and f'SEl\I = 100pF, load capacitance for all other outputs = 80pF. 
8. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 


Maximum IOLper port pin: 
10mA 


Maximum IOLper 8-bit port: 
26mA 


Maximum total IOLfor all outputs: 
71mA 
If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 


9. Specification applies to Port 2 when P20D bit is set. 
10.15pF MAX for the FANpp and PO.Opins. 


AID CONVERTER 
DC ELECTRICAL 
CHARACTERISTICS 
Tamb=-40°C 
to +125°C, vee = 5V ±10% 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MfN 
MAX 
UNIT 


AVec 
Analog supply voltage 
AVec = Vee ± 0.2 
4.0 
6.0 
V 


Alec 
Analog supply current 
1.2 
mA 


AE 
Absolute voltage error 
±3 
LSB 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb= O·C to +70·C and -40·C to +125·C, VCC= 5V ±20%, Vss = OV'. 2 


VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
UNIT 


1/lcLCL 
23 
Oscillator frequency: 
Speed Versions 


8XC576 
E 
6 
16 
MHz 


OSCF 
Oscillator fail detect frequency 
0.6 
5.5 
MHz 


TR 
Comparator response time 
10 
I's 


tLHLL 
23 
ALE pulse width 
2lcLCL-40 
ns 


tAVLL 
23 
Address valid to ALE low 
tCLCL-25 
ns 


tLLAX 
23 
Address hold after ALE low 
tCLCL-25 
ns 


tLLlV 
23 
ALE low to valid instruction in 
4lcLCL-75 
ns 


tLLPL 
23 
ALE low to PSEJIllow 
tCLCL-25 
ns 


tPLPH 
23 
PSEJIl pulse width 
3tCLCL-45 
ns 


tPLIV 
23 
PSEJIllow to valid instruction in 
3tCLCL-70 
ns 


tPXIX 
23 
Input instruction hold after PSEJIl 
0 
ns 


tPXIZ 
23 
Input instruction float after PSEJIl 
lcLCL-25 
ns 


tAVIV 
23 
Address to valid instruction in 
5lcLCL-85 
ns 


tpLAZ 
23 
PSEJIllow to address float 
10 
ns 


Data Memory 


tRLRH 
24,25 
!10 pulse width 
6lcLCL-100 
ns 


tWLWH 
24,25 
WR pulse width 
6lcLCL-100 
ns 


tRLDV 
24,25 
!10 low to valid data in 
5lcLCL-110 
ns 


tRHDX 
24,25 
Data hold after !10 
0 
ns 


tRHDZ 
24,25 
Data float after!1O 
2lcLCL-28 
ns 


tLLDV 
24,25 
ALE low to valid data in 
8lcLCL-150 
ns 


tAVDV 
24.25 
Address to valid data in 
9lcLCL-165 
ns 


tLLWL 
24,25 
ALE low to !10 or WR low 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
24,25 
Address valid to WR low or!1O low 
4lcLCL-75 
ns 


tovwx 
24,25 
Data valid to WR transition 
tCLCL-30 
ns 


tWHOX 
24,25 
Data hold after WR 
tCLCL-25 
ns 


tRLAZ 
24,25 
!10 low to address float 
0 
ns 


tWHLH 
24,25 
!10 or WR high to ALE high 
lcLCL-25 
lcLCL+25 
ns 


External Clock 


tCHCX 
27 
High time 
12 
ns 


tCLCX 
27 
Low time 
12 
ns 


tCLCH 
27 
Rise time 
20 
ns 


tCHCL 
27 
Fall time 
20 
ns 


Shift Register 


tXLXL 
26 
Serial port clock cycle time 
12lcLCL 
ns 


toVXH 
26 
Output data setup to clock rising edge 
1OlcLCL-133 
ns 


tXHOX 
26 
Output data hold after clock rising edge 
2lcLCL-{l0 
ns 


tXHDX 
26 
Input data hold after clock rising edge 
0 
ns 


tXHDV 
26 
Clock rising edge to input data valid 
1OlcLCL-133 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and PSEJIl = 100pF, load capacitance for all other outputs = 8DpF. 
3. 
Interfacing the 80C32/52 to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port 0 
drivers. 


UPI AC ELECTRICAL 
CHARACTERISTICS 


Tamb; 
-40°C to +125°C, AVec; 
Vcc ; 5V ±20% 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


tAR 
CS#, A setup to RD# 
0 
ns 


tRA 
CS#, A hold after RD# 
0 
ns 


tRR 
RD# pulse width 
60 
ns 


tAD 
CS#, A to data out delay 
70 
ns 


tRD 
RD# to data out delay 
60 
ns 


tDF 
RD# to data float delay 
5 
ns 


tAW 
CS#, A setup to WR# 
0 
ns 


tWA 
CS#, A hold after WR# 
0 
ns 


tww 
WR# pulse width 
" 
60 
ns 


tow 
Data setup to WR# 
.' 
60 
ns 


two 
Data hold after WR# 
0 
ns 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters, The 
P - !'SEJII 


first character is always 't' (; time), The other 
Q - 
Output data 


characters, depending on their positions, 
R - l'ilJ signal 


indicate the name of a signal or the logical 
t 
- Time 


status of that signal. The designations are: 
V - 
Valid 


A - Address 
W- 
WR: signal 


C - 
Clock 
X - 
No longer a valid logic level 


D - 
Input data 
Z - 
Float 


H - 
Logic level high 
Examples: tAVLL; Time for address valid to 


I - 
Instruction (program memory contents) 
ALE low, 


L - 
Logic level low, or ALE 
tLLPL; Time for ALE low to 
!'SEJIIlow. 


r-- tXLXL-1 


1 
-I rtXHQX 
I 
taVXH 
~ 


OUTPUT 
DATA, 
t 


WRITE 
TO SBUF 


INPUT 
DATA 
'---t' 


CLEAR 
AI 


VcC-O·5 


O.45V 


VCC-0 


5=X 
>C 


o 2VCC+O 9 


o 45V 
._O_2_V_C_C-O 
__ 
' 
~ 


TIMING 


REFERENCE 


POINTS 


NOTE: 


AC inputs during 
testing 
afe driven 
at VCC 
-0.5 
for a logic '" 
and O.45V for a logic '0'. 


Timing 
measurements 
are made al VIH min for a logic '1' and VIL for a logic '0', 


NOTE: 


For timing 
purposes, 
a port is no longer 
floating 
when a 100mV 
change 
from load 


voltage 
occurs, 
and begins 
to floal when a 100mV change 
from the loaded VoK' 


VOL 
level 
occurs. 
IOHflOL 
~ ±..2DmA. 


Figure 30. Icc vs. FREQ 


Valid only within frequency specifications 
of the device under test 


VCC 


ICC 
VCC 


vcc 


RST 


EA 


(NC 
XTAL2 


CLOCK 
SIGNA 
XTAL1 
- 


vss 


(NC 


CLOCK 
SIGNA 


Figure 31. Icc Test Condition, Active Mode 


All other pins are disconnected 
Figure 32. Icc Test Condition, Idle Mode 


All other pins are disconnected 


VCC-Q·5 
- 
- 
- 
- 


O.45V 


Figure 33. Clock Signal Waveform for Icc Tests 


in Active and Idle Modes 


tCLCH= tCHCL= 5ns 
Figure 34. Icc Test Condition, Power Down Mode 
All other pins are disconnected. 
Vcc = 2V to 5.5V 


EPROM CHARACTERISTICS 
To put the 87C576 in the EPROM 
programming mode, PSEN must be held high 
during power up, then driven low with reset 
active. The 87C576 is programmed by using 
a modified Quick-Pulse Programming'· 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEIP"ROO pulses. 


The 87C576 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C576 manufactured by Philips. 


Table 3 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the security bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 35 and 36. Figure 37 shows 
the circuit configuration for normal program 
memory verification. 


On-Board 
Programming 
(OBP) 


The On-Board Programming facility consists 


of a series 
of internal 
hardware 
resources 
coupled with internal firmware to facilitate 
remote programming of the 87C576 through 
the serial port. 


The OBP function is invoked by having the 
EANpp pin at the Vpp voltage level at the 
time that the part exits reset. the OBP 
function only requires that the TxD, RxD, 
Vss, Vcc, and Vpp pins be connected to an 
external circuit in order to use this feature. 


The OBP feature provides for the use of a 
wide range of baud rates independent of the 
oscillator frequency used. It is aiso adaptable 
to a wide range of oscillator frequencies. The 
OBP facility provides for both auto-echo and 
no-echo of received characters. The OBP 
feature requires that an initiai character, 
either an uppercase U or a 5 be sent to the 
87C576 to establish the baud rate to be used. 
This character also indicates whether an 
auto-echo (a U) or no-echo (a 5) is to be 
used. 


Once baud rate initialization has been 
performed, the OBP facility only accepts Intel 
Hex records. The record-type field of these 
hex records are used to indicate either 
commands or data for the OBP faciiity. The 
maximum number of data bytes in a record is 


Record 
CommandlData 
Type 
Function 


00 
Data record, programs the part 
with data indicated in record 
starting with load address in the 
record 


01 
EOF record, no operation 


02 
Specify timing parameters 
- 
rec length = 3 bytes 
- 
load address = 0000 
- 
1st byte = timer count for 50f's 
programming pulse 
- 
2nd byte = timer count for 
1Of'Sdelay between pulses 


- 
3rd byte = OAH 


03 
Program security bits 
- 
rec length = 1 byte 
- 
load address = 0000 
- 
1st byte = sec bit values 
(xxxx xxB2B1) 


04 
Display contents of USER 
EPROM array 
- 
rec length = 00 
- 
load address = 0000 


05 
Verify security bit status 
- 
rec length = 00 
- 
load address = 0000 


06 
Pulse timing test, pulses P3.2 for 
timing verification 
- 
rec length = 00 
- 
load address = 0000 


Quick-Pulse 
Programming 
The setup for microcontroiler quick-puise 
programming is shown in Figure 35. Note that 
the 87C576 is running with a 4 to 6MHz 
oscillator. The reason the osciilator needs to 
be running is that the device is executing 
internal address and program data transfers. 


The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 35. The code byte to be 
programmed into that location is applied to 
port O.RST, PSEN and pins of ports 2 and 3 
specified in Table 3 are held at the 'Program 
Code Data' levels indicated in Table 3. The 
ALEIP"ROO is pulsed low 25 times as shown 
in Figure 36. 


To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 1FH, using the 'Pgm 


Encryption Table' levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 


To program the security bits, repeat the 25 
pulse programming sequence using the 'Pgm 
Security Bit' levels. After one security bit is 
programmed, further programming of the 
code memory and encryption table is 
disabled. However, the other security bit can 
still be programmed. 


Note that the FANpp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 


Program 
Verification 


If security bit 2 has not been programmed, 
the on-chip program memory can be read out 
for program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 37. The other pins are held at the 
'Verify Code Data' levels indicated in Table 3. 
The contents of the address location will be 
emitted on port O.External pull-ups are 
required on port 0 for this operation. 


If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 


The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 
(030H) = 
15H indicates manufactured by 
Philips 
(BOH) = 
B6H indicates 87C576 


ProgramNerify 
Algorithms 


Any algorithm in agreement with the 
conditions listed in Table 3, and which 
satisfies the timing specifications, is suitable. 


Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 


erasure. For this and secondary 
effects, it 
is recommended 
that an opaque label be 
placed over the window. 
For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 


angstroms) to an integrated dose of at least 
15W-s/cm2. Exposing the EPROM to an 
ultraviolet lamp of 12,000~W/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 


Erasure leaves the array in an all 1s state. 


MODE 
RST 
J5SJ:R 
ALEfI5ROO 
~pp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
0 
0 
1 
1 
0 
0 
0 
0 


Program code data 
0 
0 
O' 
Vpp 
1 
0 
1 
1 


Verify code data 
0 
0 
1 
1 
0 
0 
1 
1 


Pgm encryption table 
0 
0 
O' 
Vpp 
1 
0 
1 
0 


Pgm security bit 1 
0 
0 
O' 
Vpp 
1 
1 
1 
1 


Pgm security bit 2 
0 
0 
O' 
Vpp 
1 
1 
0 
0 


NOTES: 
1. '0'; 
Valid low for that pin, '1' ; valid high for that pin. 
2. 
Vpp; 
12.75V ±0.25V. 
3. 
Vcc; 
5V±10% during programming and verification. 
ALEIF'ROO receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 1OO~s(±1O~s) and high for a 
minimum of 1O~s. 


Vcc 


P' 
PO 


RST 
~PP 


P3.6 
ALEII'ROO 


P3.7 
87C576 
I'SE'l 


XTAl2 
P2.7 


P2.6 


XTAL1 
P2.~.4 


VSS 


, 
',,"sMIN ---1 1-·-----l00~5±10-----·1 


o I 
~n~ __ 
~n'___ 


Vcc 


AQ-A7 
P' 
PO 
PGM 
DATA 


RST 
~PP 


P3.6 
ALEII'ROO 


P3.7 
87C576 
I'SE'l 


XTAl2 
P2.7 
o "Em\ll[E 


P2.6 


XTAl1 
P2.{~.p2.4 
A6--A12 


vss 


Figure 37. Program Verification 


EPROM PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb = 21'C 
to +27'C, 
VCC = 5V±10%, 
VSS = OV (See 
Figure 
38) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply 
current 
50 
mA 


1/tCLCL 
Oscillator 
frequency 
4 
6 
MHz 


tAVGL 
Address 
setup 
to l"l'!OO 
low 
48teLCL 


tGHAX 
Address 
hold 
after l"l'!OO 
48tCLCL 


tDVGL 
Data 
setup 
to l"l'!OO 
low 
48tCLCL 


tGHDX 
Data 
hold 
after l"l'!OO 
48tCLCL 


tEHSH 
P2.7 
(~) 
high 
to Vpp 
48tCLCL 


tSHGL 
Vpp setup 
to l"l'!OO 
low 
10 
~s 


laHSL 
Vpp 
hold 
after l"l'!OO 
10 
~s 


tGLGH 
l"l'!OO 
width 
, 
90 
110 
~s 


tAVQV 
Address 
to data 
valid 
48tCLCL 


tELQZ 
~ 
low to data 
valid 
48tCLCL 


tEHQZ 
Data 
float 
after 
~ 
0 
48tCLCL 


tGHGL 
l"l'!OO 
high to l"l'!OO 
low 
10 
~s 


Philips Semiconductors 
Microcontroller 
Products 


GENERAL 
DESCRIPTION 


The 83CL580 is manufactured in an 
advanced CMOS technology. The instruction 
set of the 83CL580 is based on that of the 
8051. The 83CL580 is an 8-bit general 
purpose microcontroller especially suited for 
cordless telephones and mobile 
communication applications. The device has 
low power consumption and a wide range of 
supply voltages. For emulation purposes, the 
85CL580 (Piggy-back version) with 256 bytes 
of RAM is recommended. The 83CL580 has 
two software selectable modes of reduced 
activity for further power reduction: Idle and 
Power-down. The 83CL580 also functions as 
an arithmetic processor having facilities for 
both binary and BCD arithmetic plus 
bit-handling capabilities. The instruction set 
consists of over 100 instructions: 
49 one-byte, 46 two-byte, and 16 three-byte. 


FEATURES 


• Full static 80C51 CPU 


• 8-bit CPU, ROM, RAM, 1/0 in a single 
56-lead VS056 or 64-lead QFP64 package 


• 6K x 8 ROM, expandable externally to 64K 
bytes 


• 256 bytes RAM, expandable externally to 
64K bytes 


• Five 8-bit ports, 40 1/0 lines 


• Three 16-bit timer I event counters 


• External memory expandable up to 128K, 


external ROM up to 64K and I or RAM up 
to 64K 


• On-chip oscillator suitable for RC, LC, 
quartz crystal or ceramic resonator 


• Fifteen source, fifteen vector interrupt 
structure with two priority levels 


• Full duplex serial UART 


• 12C-businterface for serial transfer on two 


lines 


• AID converter with power-down mode 


(8-bit, 4 inputs) 


• Puise width modulated output (8-bit 
resolution) 


• Watchdog timer 


• Enhanced architecture with: 


non-page oriented instructions 


four eight byte RAM register banks 


direct addressing 


muitiply, divide, subtract and compare 
instructions 


stack depth limited only by available 
internal RAM (max. 256 bytes) 


• Power-Down and IDLE instructions 


• Wake-up via external interrupts at Port 1 


• Single supply voltage of 2.5V to 6.0V 


• Frequency range of 0 to 12MHz 


• Very low current consumption: 


typically 4.5mA at 2.5V 18MHz 


• Operating temperature range: 


-40 to +850C 


PHILIPS PART ORDER 
PHILIPS NORTH AMERICA 1 
NUMBER PART MARKING 
PART ORDER NUMBER 
TEMPERATURE RANGE °C 
DRAWING 
AND PACKAGE 
FREQUENCY 
NUMBER 
ROMless 
ROM 
ROMless 
ROM 


-40 to +85 
P80CL580HFT 
P83CL580HFT 
P80CL580HF D 
P83CL580HF D 
56-Lead Plastic VSO (Very Small 
32KHz to 12MHz 
SOT190 


Outline) Dual In-line Package 


P80CL580HFH 
P83CL580HFH 
P80CL580HF B 
P83CL580HF B 
-40 to +85 
32KHz to 12MHz 
SOT319 
64-Lead Plastic Quad Flat Pack 
NOTE: 
1. Parts ordered by the Philips North America part number will be marked with the Philips part marking. 


PIN CONFIGURATIONS 


Voo 


P2.0 


P2.1 


PU 
10 I'" 
., '": 
"! 
..., 
..., .• 
~ ~ 
~ ~ 
u ~ ~ 
~ ~ f f 
~ ~ ~ 
z 


ALE 


ALE 
P3.5ITI 


JlSER 
P3.4ITO 


P2.2 
P3.3IlIlTl 


P2.1 
P3.:wmI 


P2.0 
2 
P3.1ITXD 


P3.llIRXD 
P2.7 
83CL580HFH 


PO.7 
VSS 
XTALI 
P4.7 
P0.6 


RST 
PO.S 
EWR 


PO.4 
PWIIll 
Pl.l 
PO.3 
Pl.7/SDA 
AVREFP 
• 


Pl.2 
PO.2 
Pl.6IIRTIISCL 
AVSS 


Pl.3 
PO.l 
1 
1 


P1.4 
PO.O 
t l ~ t ., '": t ~ ~ t 
Iii l: ~ g I~I~ ~ ~ I~ 
it it 
P1.5 
P3.7 
'" I" t: ;! :;; ~ 
Iii 
Pl .• 
P3•• 
~I~I~.,;.,; 
0: 
i!! 
" i ••.••. 


P3.S 
[ : ~ 
... 
.,; 


P3.4 
... 


P3.3 


P3.2 


P3.1 


Vss 
P3.0 


PIN 
FUNCTION 
DESIGNATION 


VS056 
QFP64 


16 
12 
Pi .01l1\lT2lT2 
Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pullups. Port 1 pins that have 1s 
17 
13 
P1.1~2EX 
written to them are pulled HIGH by the internal pullups, and in that state can be used as inputs. 
18 
14 
P1.2/Jl\IT4/STADC 
The Port 1 output buffer can sink/source 4 LS TIL loads. As inputs, Port 1 pins that are 
19 
15 
P1.31T1'1T5 
externally pulled LOW will source current (IlL in the characteristics) due to the internal pullups. 
20 
16 
P1.41T1'ml 
Port 1 also serves the alternative functions IIIIT2 to Tf\IT8,Timer T2 external input external 


21 
19 
P1.511li1T7 
trigger of AID conversion, and for the 12C-bus intertace. 
22 
20 
P1.61T1'ml/SCL 


23 
21 
P1.7/SDA 


15 
11 
RST 
Reset: A high level on this pin for two machine cycles while the oscillator is running resets the 
device. 


29 -36 
27 - 34 
P3.0 - P3.7 
Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. The Port 3 output buffers 
can sink/source 4 LS TIL inputs. Port 3 pins that have is written to them are pulled HIGH by 
the internal pull-ups, and in that state can be used as inputs. As inputs, Port 3 pins that are 
externally pulled LOW will source current (IlL in the characteristics) due to the internal pull-ups. 


29 
27 
P3.0/RXD/data 
RXD/data: UART serial port receiver data input (asynchronous) or data inpuVoutput 
(synchronous) 


30 
28 
P3.1ITxD/clock 
TXD/clock: 
UART serial port transmitter data output (asynchronous) or clock output 
(synchronous) 


31 
29 
P3.2JTIilTO 
mTll: external interrupt O. 


32 
30 
P3.31ll'JTf 
mT1: external interrupt 1. 


33 
31 
P3.41T0 
TO: Timer 0 external input. 


34 
32 
P3.51T1 
T1: Timer 1 external input. 


35 
33 
P3.6JWR: 
~: 
external data memory write strobe. 


. 


36 
34 
P3.71R1J 
RU: external data memory read strobe. 


6 
64 
AVss 
Analogue ground 


5 
63 
AVREFP 
High-end of analogue to digital conversion reference resistor 


1 -4 
59 - 62 
AD3-ADO 
Four input channels to ADC 


24 
22 
PWMlj 
Pulse width modulation output 0 


25 
23 
EWN 
Enable watchdog timer 


26 
24 
XTAL2 
Crystal output: Output of the inverting amplifier of the oscillator. Lef1open when external clock 
is used. 


27 
25 
XTAL1 
Crystal 
input: Input to the inverting amplifier of the oscillator, also the input for an externally 


generated clock source. 


28 
26 
VSS 
Ground: circuit ground potential. 


55 - 53 
56 - 54 
P2.0 - P2.2 
Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pullups. Port 2 pins that have 1s 
49 - 45 
49 - 45 
P2.3 - P2.7 
written to them are pulled HIGH by the internal pullups, and in that state can be used as inputs. 
The Port 2 output buffer can sink/source 4 LS TIL loads. 
Port 2 emits the high-order address byte during accesses to external memory that use 16-bit 
addresses (MOVX @DPTR). In this application it uses the strong internal pullups when emitting 
1s. During accesses to external memory that use 8-bit addresses (MOVX @Ri). Port 2 emits 
the contents of the P2 Special Function Register. 


52 
53 
PSEl'l 
Program store enable output: 
Read strobe to external program memory. When executing 
code out of external program memory, PSEl'l is activated twice each machine cycle. However, 
during each access to external data memory two PSEl'l activations are skipped. 


51 
52 
ALE 
Address 
Latch Enable: Output pulse for latching the low byte of the address during access to 
external memory. ALE is emitted at a constant rate of 1/6 of the oscillator frequency, and may 
be used for external timing or clocking purposes 


50 
51 
EA 
External Access: When EA is held High the CPU executes out of internal program memory 
(unless the program counter exceeds 17FFH). Holding EA LOW forces the CPU to execute out 
of external memory regardless of the value of the program counter 


37 - 44 
37 - 44 
PO.O- PO.7 
Port 0: Port 0 is an 8-bit open drain bidirectional I/O port. As an open drain output port it can 
sink 8 LS TIL loads. Port 0 pins that have 1s written to them float, and in that state will function 
as high impedance inputs. Port 0 is also the multiplexed low order address and data bus during 
access to external memory. In this application it uses strong internal pull-ups when emitting 
logic 1s 


7-14 
1 - 2, 
P4.0 - P4.7 
Port 4: 8-bit bidirectional I/O port. 
4 - 8,10 


56 
57 
Voo 
Power supply. 


General 
The 83CL580 is a stand-alone 
high-performance CMOS microcontroller 
designed for use in real-time applications 
such as cordless telephone and mobile 
communications, instrumentation, industrial 
control, intelligent computer peripherals and 
consumer products. 


The device provides hardware features, 
architectural enhancements and new 
instructions to function as a controller for 
applications requiring up to 64K bytes of 
program memory and/or up to 64K bytes of 
data storage. 


The 83CL580 contains a non-volatile 6K byte 
x 8 read-only program memory; a static 256 
byte x 8 read/write data memory; 40 I/O lines; 
three 16-bit timer/event counters; a 
fifteen-source two priority-level, nested 
interrupt structure and on-chip oscillator and 
timing cirCUit,4-channel 8-bit AID converter, 
watchdog timer, and pulse width modulation 
output. 


The device has two software selectable 
modes of reduced activity for power 
reduction; IDLE and Power-down. The Idle 
mode freezes the CPU while allowing the 
RAM, timers, serial I/O and interrupt system 
to continue functioning. The Power-down 
mode saves the RAM contents but freezes 


the oscillator causing all other chip functions 
to be inoperative. 


In addition, the device provides an 12C-bus 
serial I/O port with byte oriented master and 
slave functions, which allows communication 
with the whole family of 12C-bus compatible 
ICs and a standard UART serial interface. 


CPUTiming 
A machine cycle consists of a sequence of 6 
states. Each state time lasts for two oscillator 
periods, thus a machine cycle takes 12 
oscillator periods or 1 fls if the oscillator 
frequency is 12 MHz. 


1.1 
Memory Organization 
The 83CL580 has a 6K Program Memory 
(ROM) plus 256 bytes of Data Memory 
(RAM) on board. The device has separate 
address spaces for Program and Data 
Memory (see Figure 1). Using Ports POand 
P2, the 83CL580 can address up to 64K 
bytes of external memory. The CPU 
generates both read and write signals (~ 
and WI1) for external Data Memory 
accesses, and the read strobe (l'SEN) for 
external Program Memory. 


1.1.1 Program 
Memory 
The 83CL580 contains 6K bytes of internal 
ROM. After reset the CPU begins execution 
at location OOOOH.The lower 6K bytes of 
Program Memory can be implemented in 


either on-chip ROM or external Memory. If 
the EA pin is strapped to VDO, then program 
memory fetches from addresses OOOH 
through 17FFH are directed to the internal 
ROM. Fetches from addresses 1800H 
through FFFFH are directed to external ROM. 
Program counter values greater than 17FFH 
are automatically addressed to external 
memory regardless of the state of the EA pin. 


1.1.2 Data Memory 
The 83CL580 contains 256 bytes of internal 
RAM and 40 Special Function Registers 
(SFR). Figure 1 shows the internal Data 
Memory space divided into the Lower 128, 
the Upper 128, and the SFR space. Internal 
RAM locations 0-127 are directly and 
indirectly addressable. Internal RAM 
locations 128-255 are only indirectly 
addressable. The special function register 
locations 128-255 are only directly 
addressable. 


1.1.3 Special Function 
Registers 


The upper 128 bytes are the address 
locations of the SFRs. Figure 3 shows the 
Special Function Register (SFR) space. 
SFRs include the port latches, timers, 
peripheral contrOl, serial I/O registers, etc. 
These registers can only be accessed by 
direct addressing. There are 128 bit 
addressable locations in the SFR address 
space (SFRs with addresses divisible by 
eight). 
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1.1.4 Addressing 
The 83CL580 has five methods for 
addressing source operands: 
• Register 


• Direct 
• Register-Indirect 
• Immediate 


• Base-Register-plus Index-Register-indirect 


The first three methods can be used for 
addressing destination operands. Most 
instructions have a "destination/source" field 
that specifies data type, addressing methods 
and operands involved. For operations other 
than MOVs, the destination operand is also a 
source operand. 


Access to memory addressing is as follows: 
• Registers in one of the four register banks 


through register, direct or indirect. 


• Internal RAM (256 bytes) through direct or 


register-indirect. 


• Special Function Registerthrough 
Direct. 


• External data memory through 
Register-Indirect 


• Program memory look-up tables through 
Base-Register-plus index-Register-indirect. 


1.2 
VO facilities 


1.2.1 Porls 
The 83CL580 has 40 1/0 lines treated as one 
port plus 32 individually addressable bits or 


as five parallel 8-bit addressable ports. 
Port 0, 1, 2 and 3 perform the following 
alternate functions: 
• Port 0: provides the multiplexed low-order 


address and data bus for expanding the 
device with standard memories and 
peripherals. 


• Port 1: 
(1) provides the inputs for the external 


interrupts ~ 
I JIilTlJ 


(2) External activation of TImer 2 
(3) External trigger of ADC 
(4) 
12C-bus 


• Port 2: provides the high-order address 


when expanding the device with external 
program or data memory. 


• Port 3: pins can be configured individually 
to provide: 
(1) external interrupt request inputs 
(2) counter input 
(3) control signals to read and write to 
external memories 


(4) UART input and output 


• Port 4 has no alternate function. 


To enable a Port pin alternate function, the 
Port bit latch in its SFR must contain a 
logic 1. 


Each port consists of a latch (Special 
Function Registers POto P4). an output 
driver and an input buffer. Ports 1,2,3,4 have 
internal pull-ups. Figure 4(a) shows that the 


strong transistor p1 is turned on for only 2 
oscillator periods after a 0-to-1 transition in 
the port latch. When on, it turns on p3 
(a weak pull-up) through the inverter. This 
inverter and p3 form a latch which hold the 1. 
In Port 0 the pull-up p1 is only on when 
emitting 1S for external memory access . 
Writing a 1 to a Port 0 bit latch leaves both 
output transistors switched off so the pin can 
be used as a high-impedance input. 


1.2.2 Pori Options 
Thirty-eight of the 40 parallel port pins 
(excluding P1.6 and P1.7, fixed option 2s) 
may be individually configured with one of the 
following options (see Figure 4): 


Option 1: Standard 
Pori; 


quasi-bidirectional 
1/0 with pull-up. The 


strong booster pull-up p1 is turned on for 
two oscillator periods after a 0-to-1 
transition in the port latch (see 
Figure 4(a)). 


Option 2: Open drain; 
quasi-bidirectional 
I/O with n-channel 
open drain output. Use as an output 
requires the connection of an external 
pull-up resistor (see Figure 4(c)). 


Option 3: Push-Pull; 


output with drive capability in both 
polarities. Under this option, pins can only 
be used as outputs (See Figure 4(b)). 


FROM 
PORT 


LATCH 


11 


FROM 
POAT 
LATCH 
11 
• 


The definition of port options for port 0 is 
slightly different. Two cases have to be 
examined. First, accesses to extemal 
memory (EA;O or access above the buill -in 
memory boundary), second, I/O accesses. 


EXTERNAL 
MEMORY 
ACCESSES 


Option 1: 


True 0 and 1 are written as address to the 
external memory (strong pUll-up is used). 


Option 2: 


An external pull-up resistor is needed for 
external accesses. 


Option 3: 


Not allowed for external memory 
accesses as the port can only be used as 
output. 


ItO ACCESSES 
Option 1: 
When writing a 1 to the port-latch, the 
strong pull-up p1 will be on for 2 oscillator 
periods. No weak pull-up exists. Without 
an external pull-up, this option can be 
used as a high-impedance input. 


Option 2: 
Open drain; quasi-bidirectional 
I/O with 


n-channel open drain output. Use as an 
output requires the connection of an 
external pull-up resistor (see Figure 4(c)). 


Option 3: 


Push-Pull; output with drive capability in 
both polarities. Under this option, pins 
can only be used as outputs. 


Individual mask selection of the post-reset 
state is available on any of the above pins. 


Make your selection by appending OS"or "R" 
to option 1, 2, or 3 above (e.g., 1S for a 
standard I/O to be set after RESET or 2R for 
an open-drain I/O to be reset after RESET). 


Option S: 


SET; after reset this pin will be initialized 
HIGH. 


Option R: 
RESET; after reset this pin will be 
initialized LOW. 


1.3 
Timer/Event 
Counter 
The 83CL580 contains three 16-bit 
Timer/Counter registers; TImer 0, TImer 1, 
and Timer 2 which can perform the following 
functions: 
• Measure time intervals and pulse durations 


• Count events 
• Generate interrupts requests 


Timer 0 and Timer 1 can be independently 
programmed to operate as follows: 
• Mode 0; 8-bit timer or counter with 
divide-by-32 prescaler 


• Mode 1; 16-bit time-interval or event 


counter 


• Mode 2; 8-bit time interval or event counter 


with automatic reload upon overflow 


• Mode 3; Timer 0 establishes TLO and THO 
as two separate 
counters. 


In the "TImer" function, the register is 
incremented every machine cycle. Since a 


Symbol 
Position 
TF2 
T2CON.7 


EXF2 
T2CON.6 


GF2 
T2CON.5 


RTCLK 
T2CONA 


EXEN2 
T2CON.3 


TR2 
T2CON.2 
Cm 
T2CON.1 


CPIRI2 
T2CON.0 


machine cycle consists of 12 oscillator 
periods, the count rate is 1/12 of the oscillator 
frequency. 


In the "Counter" function, the register is 
incremented in response to a 1-to-0 
transition. Since it takes 2 machine cycles 
(24 oscillator periods) to recognize a 1-to-0 
transition, the maximum count rate is 1/24 of 
the oscillator frequency. To ensure a given 
levei is sampled, it should be held for at least 
one full machine cycle. 


1.3.1 Timer 2 
TImer 2 is a 16-bit TImer/Counter. Like TImers 
o and 1, it can operate either as a timer or as 
an event counter. This is selected by bit CIT2 
in the Special Function Register T2CON 
(Figure 5). It has three operating modes: 
"capture", "auto-load" and "baud rate 
generator", which are selected by bits in 
T2CON as shown in Table 1. 


Timer 2 Operating 
Modes 


RTCLK 
CP/Ra 
TR2 
MODE 


0 
0 
1 
16-Bit 
Auto-reload 


0 
1 
1 
16-Bit 
Capture 


1 
x 
1 
Baud Rate 
Generator 


x 
x 
0 
(Off) 


Name and Significance 


Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when 
RTCLK; 
1. 


Timer 2 external flag set when either a capture or reload is caused by a negative transition of T2EX and 
EXEN ; 1. When TImer 2 Interrupt is enabled, EXF2 ; 1 will cause the CPU to vector to the TImer 2 interrupt 
routine. EXF2 must be cleared by software. 
General purpose flag bit. 


Receive/transmit clock flag. When set, causes the UART to use Timer 2 overflow pulses for its receive and 
transmit clock in modes 1 and 3. RTLCK ; 0 causes Timer 1 overflows to be used for the receive and transit 
clock. 


Timer 2 external enable flag. When set, allows a capture or reload to occur as a result of a negative transition on 
T2EX if Timer 2 is not being used to clock the serial port. EXEN2 ; 0 causes Timer 2 to ignore events at T2EX. 
Start/stop control for TImer 2. A logic 1 starts the timer. 
Timer or counter select. (Timer 2) 


0; 
Internal timer (OSC/12) 
1 ; External event counter (falling edge triggered) 
Capture/Reload fiag. When set, captures will occur on negative transitions at T2EX if EXEN2 ; 1. When 
cleaned, auto-reloads will occur either with TImer 2 overflows or negative transitions at T2EX when EXEN2 ; 1. 
When RTCLK ; 1, this bit is ignored and the timer is forced to auto-reload on Timer 2 overflow. 


In the Capture Mode there are two options 
which are selected by bit EXEN2 in T2CON. 
If EXEN2=0, then Timer 2 is a 16-bit timer or 
counter which upon overflowing sets bit TF2, 
the Timer 2 overflow bit, which can be used 
to generate an interrupt. " EXEN2=1, then 
Timer 2 still does the above, but with the 
added feature that a 1-10-0transition at 
external input T2EX causes the current value 
in the Timer 2 registers, TL2 and TH2, to be 
captured into registers RCAP2L and 
RCAP2H, respectively. In addition, the 
transition at T2EX causes bit EXF2 in 
T2CON to be set, and EXF2, like TF2, can 
generate an interrupt. The Capture Mode is 
illustrated in Figure 6. 


In the auto-reload mode there are again two 
options, which are selected by bit EXEN2 in 
T2CON. If EXEN2=0, then when Timer 2 rolls 
over it not only set TF2 but also causes the 
Timer 2 registers to be reloaded with the 
16-bit value in registers RCAP2L and 
RCAP2H, which are preset by software. If 
EXEN2=1, the Timer 2 still does the above, 
but with the added feature that a 1-to-0 
transition at external input T2EX will also 
trigger the 16-bit reload and set EXF2. 


The auto-reload mode is illustrated in 
Figure 7. 


The baud rate generator mode is selected by 
RTCLK=1. It will be described in conjunction 
with the serial port. 


1.3.2 The Watchdog 
Timer 
In addition to Timer T2 and the standard 
timers, a watchdog timer consisting of an 
11-bit prescaler and an B-bit timer are also 
incorporated. See Figure B. 


The timer frequency is derived from the 
oscillator frequency using the following 
formula: 


fose 
fHme, 
= (12 x 204B) 


When a timer overflow occurs, the 
microcontroller is reset and a reset output 
pulse is generated at pin RST. To prevent a 
system reset the timer must be reloaded in 
time by the application software. If the 
processor suffers a hardware/software 
malfunction, the software will fail to reload the 
timer. This failure will produce a reset upon 
overflow thus preventing the processor 
running out of control. 


The watchdog timer can only be reloaded if 
the condition flag WLE = PCON .4 has been 
previously set by software. 


At the moment the counter is loaded the 
condition flag is automatically cleared. 


The time interval between the timer's 
reloading and the occurrence of a reset is 
dependent upon the reloaded value. For 
example, this may range from 2ms to 0.5s 
when using an oscillator frequency of 12MHz. 


In the Idle state the watchdog timer and reset 
circuitry remain active. 


The watchdog timer is controlled by the 
watchdog enable pin (EWfJ). A logic 0 
enables the watchdog timer and disables the 
Power-down mode. A logic 1 disables and 
resets the watchdog timer and enables the 
Power-down mode. 


1.3.3 Pulse Width Modulated Output 
One pulse width modulated output channel is 
provided in the B3CL5BO(Figure 9). This 
channel outputs pulses of programmable 
length and interval. The repetition frequency 
is defined by an B-bit prescaler PWMP which 
generates the clock for the counter. The B-bit 
counter counts modulo 255, i.e., from 0 to 
254 inclusive. The value of the B-bit counter 
is compared to the content of the register 
PWMO. Provided the contents of this 
registers is greater than the counter value, 
the output of PWMO is set LOW. If the 
content of this register is equal to, or less 
than the counter value, the output will be 
HIGH. The pulse-width-ratio is therefore 
defined by the contents of the register 
PWMO. The pulse-width-ratio is in the range 
of 0 to 255/255 and may be programmed in 
increments of 1/255. 


The repetition frequency fpWM,at PWMO 
output is given by: 


f 
- 
fose 


PWM 
- 
[2 x (1 + PWMP) x 255] 


When using an oscillator frequency of 12MHz 
for example, the above formula gives a 
repetition frequency range of 92Hz to 
23.5kHz. 


By loading the PWMO register with either OOH 
or FFH, the PWMO output can be retained at 
a constant HIGH or LOW level respectively. 
When loading FFH to the PWMO register, the 
B-bit counter will never actually reach this 
value. 


The PWMO output pin is driven by push-pull 
drivers, and is not shared with any other 
function. 


Prescaler 
Frequency 
Control 
Register 


PWMP 


~ 


B 
B 


PWMP 
(FEH) 
7 
6 
5 
4 
3 
2 
1 
0 


m 
FUNCTION 
PWMP.0-7 Prescaler division 


factor = (PWMP)+ 1 


Pulse Width Register PWMO 


~ 


B 
B 


PWMO 
(FCH) 
7 
6 
5 
4 
3 
2 
1 
0 


FUNCTION 
LOW/HIGH ratio of ~ 
signal = (PWMO)/ (255 - (PWMO)) 


1.3.4 AID Converter 
The analogue input circuitry consists of an 
4-input analogue multiplexer and an ADC 
with B-bit resolution. The analogue reference 
voltage and analogue ground are connected 
via separate input pins. The conversion is 
selectable from 24 machine cycles (241-'sat 
12MHz oscillator frequency) to 4B machine 
cycles. 


The ADC is controlled using the ADCON 
control register. Input channels are selected 
by the analogue multiplexer, care of ADCON 
register bits 0-1 . 


m 
ADCON.6 


SYMBOL 
FUNCTION 


ADPD 
This power down bit 
switches off the 
resistor reference to 
save power even 
while the CPU is 
operating. 


ADEX 
Enable extemal start 
of conversion by pin. 
o = Conversion 
cannot be started 
extemally by 
STADC. 
1 = Conversion can 
be started extemally 
by STDAC. 
ADCI 
ADC interrupt flag: 
this flag is set when 
an ADC conversion 
result is ready to be 
read. An interrupt is 
invoked if this is 
enabled. The flag 
must be cleared by 
software. It cannot 
be set by software. 


ADCS 
ADC start and 
status: setting this bit 
starts an ADC 
conversion. It may 
be set by software or 
by the extemal 
signal STADC. The 
ADC logic ensures 
that this signal is 
HIGH while the ADC 
is busy. On 
completion of the 
conversion, ADCS is 
reset after that the 
interrupt flag ADCI is 
set. ADCS cannot 
be reset by software. 


ADCI 
ADCS 
OPERATION 


0 
0 
ADC not busy, a 
conversion can be started 


0 
1 
ADC busy, start of a new 
conversion is blocked 


1 
0 
Conversion completed, 
start of a new conversion 
is blocked 


1 
1 
Intermediate status for a 
max of one machine 
cycle before conversion is 
compieted (ADCI=l, 
ADCS=O). 


FUNCTION 
In order to run the 
CPU at the 
maximum frequency 
(12MHz) and keep 
the AD timing at low 
frequency, the 
setting of this bit 
divides the CPU 
clock by a factor 2. 
o = 24 instruction 
cycles conversion 
time. 
1 = 48 instruction 
cycles conversion 
time. 


The conversion time 
includes a sampling 
time of 6 cycles. 


Analogue input 
select: this binary 
coded address 
selects one of the 
four analogue port 
bits. 


It can only be 
changed when ADCI 
and ADCS are both 
Law. AADRl is the 
most significant bit 
(11 selects the AD3 
analogue input 
channel). 


ADCON.l 
ADCON.O 
CHANNEL 


0 
0 
ADO 


0 
1 
ADl 


1 
0 
AD2 


1 
1 
AD3 


The completion of the 8-bit ADC conversion 
is flagged by ADCI in the ADCON register 
and the result is stored in special function 
register ADCH (C5H). 


An ADC conversion in progress is unaffected 
by an extemal or software ADC start. The 
result of a completed conversion remains 
unaffected provided ADCI ; logic 1. While 
ADCS ; logic 1 or ADCI ; logic 1, a new 
ADC START will be blocked and 


consequenUy lost. An ADC conversion 
already in progress is aborted when the 
Power-down mode is entered. The result of a 
completed conversion (ADCI ; logic 1) 
remains unaffected when entering the Idle 
and Power-down mode. 


The AID conversion can be started in 3 ways: 


a) Start in operating mode, continue 


operating mode. 


b) Start in operating mode, by setting the 


ADCS bit, go to idle mode. 


c) Set the ADEX bit, go to idle mode and 


start conversion extemally via the STADC 


pin. 


For all 3 cases a - c the interrupt flag ADCI is 
set upon completion of the conversion. 


&-BIT AID 
CONVERTER 


(SUCCESSIVE 
APPROXIMATION) 


AVSS 
ANALOGUE 
GROUND 


1.4 
Idle and Power-down 
Operation 
Idle mode operation permits the interrupt, 
serial ports, timer blocks and ADC to 
continue functioning while the clock to the 
CPU is halted. The following functions remain 
active during Idle mode. These functions may 
generate an interrupt or reset and thus end 
the Idle mode. 


• Timer 0, Timer 1, Timer 2, Timer 3 


• PWMO (reset, output=HIGH) 


• ADC 


The Power-down operation freezes the 
oscillator. The Power-down mode can only be 
activated by setting the PD bit in the PCON 
register. The PD bit can only be set if the 
EWN input is HIGH. 


1.4.1 Power Control 
Register (PCON) 
These special modes are activated by 
software via the Special Function Register 
PCON. Its hardware address is 87H. [PCON 
is not bit addressable.) 


6 
5 
4 


MSB 
LSB 


BIT 
~ 
FUNCTION 


PCON.7 
SMOD 
Double Baud rate 
bit. When set to 
logic 1 baud rate is 
doubled when the 
UART serial port is 
being used in 
modes 1, 2, or 3. 


PCON.6 
(reserved) 


PCON.5 
(reserved) 
PCON.4 
WLE 
Watchdog load 
enable. This flag 
must be set by by 
software prior to 
loading T3 
(watchdog timer). It 
is cleared when T3 
is loaded. 


PCON.3 
GF1 
General-purpose 
flag bit 


PCON.2 
GFO 
General-purpose 
flag bit 


PCON.1 
PD 
Power-down bit. 
Setting this bit 
activates the 
Power-down mode. 
It can only be set if 
input EWN is high. 


PCON.O 
IDL 
Idle mode bit. 
Setting this bit 
activates the Idle 
mode. 


If logic 1s are written to PD and IDL at the 
same time, PD takes precedence. The reset 
value of PCON is (OXXOOOOO). 


1.4.2 Power-down 
Mode 


The instruction setting PCON.1 is the last 
executed prior to going into the Power-down 
mode. In Power-down mode the oscillator is 
stopped. The contents of the on-chip RAM 
and SFRs are preserved. The port pins 
output the values held by their respective 
SFRs. ALE and PSEN are held LOW. 


1.4.3 Wake-up Mode 
Setting the PD flag in the PCON register 
forces the controller into the Power-down 
mode. Setting this flag enables the controller 
to be woken-up from the Power-down mode 
with either the external interrupts JlilT2' I JlIlT8, 


or a reset operation. 


The wake-up operation after power-down in 
this controller has two basic approaches: 


1.4.3.1 
Wake-up Using ~ 
to rnT8 
If any of lNT2 to JlIlT8 are enabled, the 
83CL580 can be woken-up from power-down 
mode with the external interrupts. To ensure 
that the oscillator is stable before the 
controller restarts, the internal clock will 
remain inactive for 1536 oscillator periods. 
This is controlled by an on-chip delay 
counter. 


1.4.3.2 
Wake-up Using RESET 
To wake-up the 83CL580 the RESET pin has 
to be kept HIGH for a minimum of 24 periods. 
The on-chip delay counter is inactive. The 
user has to ensure that the oscillator is stable 
before any operation is attempted. Figure 11 
illustrates the two possibilities for wake-up. 


1.4.4 Idle Mode 
The instruction that sets PCON.O is the last 
instruction executed in the normal operating 
mode before Idle mode is activated. Once in 
the Idle mode, the CPU status is preserved in 
its entirety: the Stack Pointer, Program 
Counter, Program Status Word, Accumulator, 
RAM and all other registers maintain their 
data during Idle mode. The status of the 
extemal pins during Idle mode is shown in 
Table 2. 


There are two methods used to terminate the 
Idle mode. Activation of any enabled interrupt 
will cause PCON.O to be cleared by 
hardware, terminating Idle mode. The 
interrupt is serviced, and following the 
return-from-interrupt instruction RETI, the 
next instruction to be executed will be the one 
which follows the instruction that wrote a 
logic 1 to PCON.O. 


Flag bits GFO and GFl may be used to 
determine whether the interrupt was received 
during normal execution or during Idle mode. 
For example, the instruction that writes to 
PCON.O can also set or clear one or both flag 
bits. When Idle mode is terminated by an 


interrupt, the service routine can examine the 
status of the flag bits. 


The second method of terminating the Idle 
mode is with an external hardware reset, or 
an internal reset caused by an overflow of 
Timer T3. Since the oscillator is still running, 
the hardware reset is required to be active for 
two machine cycles (24 oscillator periods) to 
complete the reset operation. 


Reset redefines all SFRs, but does not affect 
the on-Chip RAM. 


In the Power-down mode, Voo may be 
reduced to minimize power consumption. 
However, the supply voltage must not be 
reduced until Power-down mode is active, 
and must be held active until the oscillator 
has restarted and stabilized. 


The status of the external pins during Idle 
and Power-down mode is shown in Table 2. If 
the Power-down mode is activated whilst 
accessing external memory, port data held in 
the Special Function Register P2 is restored 
to Port 2. If the data is a logic 1, the port pin 
is held HIGH during the Power-down mode 
by the strong pull-up transistor pl (see 
Figure 4(a)). 


The serial port supports the twin line 12C-bus. 
The 12C-bus consists of a data line (SDA) 
and a clock line (SCl). These lines also 
function as 1/0 port lines Pl. 7 and Pl.6 
respectively. The system is unique because 
data transport, clock generation, address 
recognition and bus control arbitration are all 
controlled by hardware. The 12C-busserial 
1/0 has complete autonomy in by1ehandling 
and operates in four modes: 


• Master transmitter 


These functions are controlled by the SlCON 
register. S1STA is the status register whose 
contents may also be used as a vector to 
various service routines. Sl DAT is the data 
shift register and SlADR the slave address 
register. Slave address recognition is 
performed by hardware. 


Ta le2. 
tatus 0 the External 
PinS Durina 
Idle and Power-down 
Modes 


MODE 
MEMORY 
ALE 
J5SER 
PORTO 
PORT 1 
PORT 2 
PORT 3 
PORT 4 
J5WMO 


Idle 
Intemal 
1 
1 
Port data 
Port data 
Port data 
Port data 
Port data 
Active 


Idle 
Extemal 
1 
1 
Floating 
Port data 
Address 
Port data 
Port data 
Active 


Power-down 
Intemal 
0 
0 
Port data 
Port data 
Port data 
Port data 
Port data 
HIGH 


Power-down 
Extemal 
0 
0 
Floating 
Port data 
Port data 
Port data 
Port data 
HIGH 


CRO, CR1, CR2 
These three bits determine the serial clock frequency when SIO is in a master mode. See Table 3. 


AA 
Assert acknowledge bit. When the AA flag is set, an acknowledge (low level to SDA) will be returned during the 
acknowledge clock pulse on the SCL line when: 


• own slave address is received 
• general call address is received (Sl ADR.O=l) 


• data byte received while device is programmed as master 


• data byte received while device is a selected slave 


With AA = 0, no acknowledge will be returned. Consequently, no interrupt is requested when the "own slave address" or 
general call address is received. 


SIO interrupt flag. When the Sl flag is set, an acknowledge is returned after anyone of the following conditions: 


• a start condition is generated in master mode 


• own slave address received during AA = 1 
• general call address received while Sl ADR.O and AA = 1 
• data byte received or transmitted in master mode (even if arbitration is lost) 


• data byte received or transmitted as selected slave 


• stop or start condition received as selected slave receiver or transmitter 


STOP flag. With this bit set while in master mode a STOP condition is generated. When a STOP condition is detected on 
the bus, the SIO hardware clears the STO flag. In the slave mode, the STO flag may also be set to recover from an error 
condition. In this case no STOP condition is transmitted to the 12C-bus. However, the SIO hardware behaves as if a STOP 
condition has been received and releases SDA and SCL. The SiO then switches to the "not addressed" slave receiver 
mode. The STO flag is automatically cleared by hardware. 


START flag. When the STA bit is set in slave mode, the SIO hardware checks the status of the 12C-bus and generates a 
START condition if the bus is free. If STA is set while the SIO is in master mode, SIO transmits a repeated START 
condition. 


When ENSl = 0, the SIO is disabled. The SDA and SCL outputs are in a high-impedance state; P1.6 and Pl.7 function 
as open drain ports. When ENS = 1, the SIO is enabled. The Pl.6 and Pl.7 port latches must be set to logic 1. 


Bit Rate (kHz) at fose 


CR2 
CR1 
CR2 
losc Divided By 
3.58MHz 
6MHz 
12MHz 


0 
0 
0 
256 
14.0 
23.4 
46.9 


0 
0 
1 
224 
16.0 
26.8 
53.6 


0 
1 
0 
192 
18.6 
31.3 
62.5 


0 
1 
1 
160 
22.4 
37.5 
75.0 


1 
0 
0 
960 
3.73 
6.25 
12.5 


1 
0 
1 
120 
29.8 
50 
100 


1 
1 
0 
60 
59.7 
100 
- 


1 
1 
1 
not allowed 
- 
- 
- 


SlSTA is an 8-bit read-only special function 
register. SlSTA.3-S1STA.7 
hold a status 
code. SlSTA.0-S1STA.2 
are held LOW. The 
contents of Sl STA may be used as a vector 
to a service routine. This optimizes response 
time of the software and consequen~y that of 
the 12C-bus. 


The following is a list of the status code: 


Abbreviations 
used: 


SLA: 
7-bit slave address 


R: 
Read bit 
W: 
Write bit 


ACK: 
Acknowledgement 
(acknowledge bit = 0) 
ACKNOT: 
Not Acknowledge 
(acknowledge bit = 1) 
8-bit byte to or from the 12C bus 


Master 


Slave 


Transmitter 


Receiver 


DATA: 


MST: 


SLV: 


TRX: 


REC: 


MSTITRX Mode 
SlSTA Value 


08H 
A START condition has been 
transmitted 


10H 
A repeated START condition has 
been transmitted 


18H 
SLA and W have been transmitted, 
ACK received 


20H 
SLA and W have been transmitted, 
ACKNOT received 


28H 
DATA of Sl DAT has been 
transmitted, ACK received 


30H 
DATA of Sl DAT has been 
transmitted, ACKNOT received 


38H 
Arbitration lost in SLA, RJWor 
DATA 


MST/REC Mode 
SlSTAValue 


08H 
A START condition has been 
transmitted 


10H 
A repeated START condition has 
been transmitted 
38H 
Arbitration lost while returning 
ACKNOT 


40H 
SLA and R have been transmitted, 
ACK received 


48H 
SLA and R have been transmitted, 
ACKNOT received 


50H 
DATA has been received, 
ACKretumed 


58H 
DATA has been received, 
ACKNOT retumed 


SLVlREC Mode 
SlSTA Value 


60H 
Own SLA and W have been 
received, ACK returned 


68H 
Arbitration lost in SLA, RW as 
MST. Own SLA and W have been 
received, ACK returned. 


70H 
General Call has been received, 
ACK returned 


78H 
Arbitration lost in SLA, RW as 
MST. General Call has been 
received. 


80H 
Previously addressed with own 
SLA. DATA byte received, 
ACK returned. 


88H 
Previously addressed with own 
SLA. DATA byte has been 
received, ACKNOT has been 
returned. 


90H 
Previously addressed with 
General Call. DATA byte has been 
received, ACK has been returned. 


98H 
Previously addressed with 
General Call. DATA byte has been 
received, ACKNOT has been 
returned. 


AOH 
A STOP condition or repeated 
START condition has been 
received while still addressed as 
SLV/REC or SLVITRX. 


SLVITRX Mode 
SlSTA Value 


A8H 
Own SLA and R have been 
received, ACK returned. 


BOH 
Arbitration lost in SLA, RJW as 
MST. Own SLA and R have been 
received, ACK returned. 


B8H 
DATA byte has been transmitted, 
ACK received. 


COH 
DATA byte has been transmitted, 
ACKNOT received. 
C8H 
Last data byte has been 
transmitted (AA = logic 0), 
ACK received. 


Miscellaneous 
SlSTA Value 


OOH 
Bus error during MST mode or 
selected SLV mode, due to an 
erroneous START or STOP 
condition. 


F8H 
No 
relevant 
state 
information 


available, SI = o. 


This register contains the serial data to be 
transmitted or data that has just been 
received. Bit 7 is transmitted or received first; 
i.e., data is shifted from left to right. 


Own Address 
Register 
S1ADR 


(DBH) 


This 8-bit register may be loaded with the 7-bit 
address to which the controller will respond 
when programmed as a slave receiverl 
transmitter. The LSB bit (GC) is used to 
determine whether the general CALL address 
is recognized. 


Sl ADR.O, GC: 0 = general CALL address 
is not recognized. 


1 = general CALL is 
recognized. 


SlADR.7 
-1: 
own slave address 


1.6 
Standard 
serial interface 


5100: UART 
This serial port is full duplex, meaning it can 
transmit and receive simullaneously. It is also 
receive-buffered, meaning it can commence 
reception of a second byte before a 
previously received byte has been read from 
the register. (However, if the first byte still has 
not been read by the time reception of the 
second byte is complete, one of the bytes will 
be lost). The serial port receive and transmit 
registers are both accessed at Special 
Function Register SOBUF. Writing to SOBUF 
loads the transmit register, and reading 
SOBUF accesses a physically separate 
receive register. 


The serial port can operate in 4 modes: 


Mode 0: Serial data enters and exits through 
RxD. TxD outputs the shift clock. 8 bits are 
transmitted/received 
(LSB first). The baud is 


fixed at 1/12 the oscillator frequency. 


Mode 1: 10 bits are transmitted (through 
TxD) or received (through RxD): a start bit 
(0), 8 data bits (LSB first), and a stop bit (1). 
On receive, the stop bit goes into RB8 in 
Special Function Register SCON. The baud 
rate is variable. 


Mode 2: 11 bits are transmitted (through 
TxD) or received (through RxD): start bit (0), 
8 data bits (LSB first), a programmable 9th 
data bit, and a stop bit (1). On Transmit, the 
9th data bit (TB8 in SCON) can be assigned 
the value of 0 or 1. Or, for example, the parity 
bit (P, in the PSW) could be moved into TB8. 
On receive, the 9th data bit goes into RB8 in 
Special Function Register SCON, while the 
stop bit is ignored. The baud rate is 
programmable to either 1/32 or 1/64 the 
oscillator frequency. 


Mode 3: 11 bits are transmitted (through 
TxD) or received (through RxD): a start bit 
(0), 8 data bits (LSB first), a programmable 
9th data bit and a stop bit (1). In fact, Mode 3 
is the same as Mode 2 in all respects except 
baud rate. The baud rate in Mode 3 is 
variable. 


In all four modes, transmission is initiated by 
any instruction that uses SOBUF as a 
destination register. Reception is initiated in 
Mode 0 by the condition RI = 0 and REN = 1. 
Reception is initiated in the other modes by 
the incoming start bit if REN = 1. 


1.6.1 Multiprocessor 
Communications 


Modes 2 and 3 have a special provision for 
multiprocessor communications. In these 
modes, 9 data bits are received. The 9th one 
goes into RB8. Then comes a stop bit. The 
port can be programmed such that when the 
stop bit is received, the serial port interrupt 
will be activated only if RB8 = 1. This feature 
is enabled by setting bit SM2 in SCON. A 
way to use this feature in multiprocessor 
systems is as follows. 


When the master processor wants to transmit 
a block of data to one of several slaves, it 
first sends out an address byte which 
identifies the target slave. An address byte 
differs from a data byte in that the 9th bit is 1 
in an address byte and 0 in a data byte. With 
SM2 = 1, no slave will be interrupted by a 
data byte. An address byte, however, will 
interrupt all slaves, so that each slave can 
examine the received byte and see if it is 
being addressed. The addressed slave will 
clear its SM2 bit and prepare to receive the 
data bytes that will be coming. The slaves 
that were not being addressed leave their 
SM2s set and go on about their business, 
ignoring the coming data bytes. 


SM2 has no effect in Mode 0, and in Mode 1 
can be used to check the validity of the stop 
bit. In a Mode 1 reception, if SM2 = 1, the 


receive interrupt will not be activated unless a 
valid stop bit is received. 


1,6,2 Serial port control 
register 
The serial port control and status register is 
the Special Function Register SOCON, 
shown in Figure 13. The register contains not 
only the mode selection bits, but also the 9th 
data bit for transmit and receive (TB8 and 
RB8), and the serial port interrupt bits (TI and 
RI). 


Baud Rates-The 
baud rate in Mode 0 is 


fixed: Mode 0 Baud Rate = Oscillator 
Frequency /12. The baud rate in Mode 2 
depends on the value of bit SMOD in Special 
Function Register PCON. If SMOD = 0 
(which is the value on reset), the baud rate is 
1/64 the oscillator frequency. If SMOD = 1, 
the baud rate is 1/32 the oscillator frequency. 


Mode 2 Baud Rate = (2SMOO /64) (Oscillator 
Frequency) 


The baud rates in Modes 1 and 3 are 
determined by the Timer 1 or Timer 2 
overflow rate. 


Using Timer 1 to Generate Baud 
Rates-When 
Timer 1 is used as the baud 
rate generator, the baud rates in Modes 1 
and 3 are determined by the Timer 1 overflow 
rate and the value of SMOD as follows: 


Modes 1,3 Baud Rate = 
(2SMOD/32) (Timer 1 Overflow Rate) 


The Timer 1 interrupt should be disabled in 
this application. The Timer itself can be 
configured for either '1imer" or "counter" 
operation, and in any of its 3 running modes. 
In most typical applications, it is configured 
for "timer operation, in the auto-reload mode 
(high nibble of TMOD = 001OB). In that case 
the baud rate is given by the formula: 


Mode 1, 3 Baud Rate = 
«2SMOD/32) x (Oscillator Frequency)} / 
(12 x (256 - (TH1)} 


One can achieve very low baud rates with 
Timer 1 by leaving the Timer 1 interrupt 
enabled, and configuring the Timer to run as 
a 16-bit timer (high nibble of TMOD = 
0001 B), and using the Timer 1 interrupt to do 
a 16-bit software reload. Table 4 lists various 
commonly used baud rates and how they can 
be obtained from Timer 1. 


Using Timer 2 to Generate Baud 
Rates-Timer 
2 is selected as the baud rate 
generator by setting RTCLK in T2CON 
(Figure 14). 


The baud rate generator mode Is similar to 
the auto-reload mode, in that a rollover in 
TH2 causes the Timer 2 registers to be 
reloaded with the 16-bit value in registers 
RCAP2H and RCAP2L, which are preset by 
software. 


Now, the baud rates in Modes 1 and 3 are 
determined by Timer 2's overflow rate as 
follows: 


Modes 1,3 Baud Rate = 
(Timer 2 Overflow Rate) /16 


The Timer 2 can be configured for either 
"timer" or "counter" operation. In the most 
typical applications, it is configured for "timer" 
operation (C1T2= 0 ). "Timer" operation is a 
little different for Timer 2 when irs being used 
as a baud rate generator. Normally, as a 
timer is would increment every machine cycle 
(thus at 1/12 the oscillator frequency). As a 
baud rate generator, however, it increments 
every state time (thus at 1/2 the oscillator 
frequency). In that case the baud rate is 
given by the formula: 


Modes 1,3 Baud Rate = 
(Oscillator Frequency) / 
(32 x (65536 - (RCAP2H, RCAP2L» 


where (RCAP2H, RCAP2L) is the content of 
RCAP2H and RCAP2L taken as a 16-bit 
unsigned integer. 


Note that a rollover does not set TF2, and will 
not generate an interrupt. Therefore, the 
Timer 2 interrupt does not have to be 
disabled when Timer 2 is in the baud rate 
generator mode. Note too, that if EXEN2 is 
set, a 1-to-0 transition in T2EX will set EXF2 
but will not cause a reload from (RCAP2H, 
RCAP2L) to (TH2, TL2). Thus when Timer 2 
is in use as a baud rate generator, T2EX can 
be used as an extra extemal interrupt, if 
desired. 


It should be noted that when Timer 2 is 
running (TR2 = 1) in "timer" function in the 
baud rate generator mode, one should not try 
to read or write TH2 or TL2. Under these 
conditions the Timer is being incremented 
every state time, and the results of a read or 
write may not be accurate. The RCAP 
registers may be read, but shouldn't be 
written to, because a write might overlap a 
reload and cause write and/or reload errors. 
Tum the Timer off (clear TR2) before 
accessing the Timer 2 or RCAP register, in 
this case. 


SMa SM1 
a 
a 
a 
1 
1 
a 
1 
1 


DESCRIPTION 
BAUD RATE 


Shift register 
lose /12 
8-bit UART 
variable 
9-bit UART 
lose / 64 or lose /32 
9-bit variable UART 


MODE 
a 
1 
2 
3 


SM2 
enables the multiprocessor communication leature in Modes 2 
and 3. In Mode 2 or 3, il SM2 is set to 1 then R1 will not be 
activated if the received ninth data bit (RB8) is O. In Mode 1, if 
SM2;1 then R1 will not be activated il a valid stopbit was not 
received. In Mode 0, SM2 should be O. 


REN 
enables serial reception. Set by software to enable reception. 
Clear by software to disable reception. 


TB8 
is the ninth data bit that will be transmitted in Modes 2 and 3. Set 
or clear by software as desired. 


RB8 
in Modes 2 and 3, is the ninth data bit that was received. In Mode 
1, if SM2;0, 
RB8 is the stop bit that was received. In Mode 0, 


RB8 is not used. 


TI 
is transmit interrupt Ilag. Set by hardware at the end 01the eighth 
bit time in Mode 0, or at the beginning of the stop bit in the other 
modes, in any serial transmission. Must be cleared by software. 


RI 
is receive interrupt Ilag. Set by hardware at the end 01the 8th bit 
time in Mode 0, or halfway through the stop bit time in the other 
modes, in any serial reception (except see SM2). Must be 
cleared by software. 


BAUD RATE 
lose 
SMOD 
CfT 
TIMER 1 MODE 
RELOAD VALUE 


Mode 0 Max: 1MHz 
12MHz 
X 
X 
X 
X 


Mode 2 Max: 375K 
12MHz 
1 
X 
X 
X 


Mode 1, 3: 62.5K 
12MHz 
1 
0 
2 
FFH 


19.2K 
11.059MHz 
1 
0 
2 
FDH 


9.6K 
11.059MHz 
0 
0 
2 
FDH 


4.8K 
11.059MHz 
0 
0 
2 
FAH 
2.4K 
11.a59MHz 
0 
0 
2 
F4H 


1.2K 
11.059MHz 
0 
0 
2 
E8H 


137.5K 
11.986MHz 
0 
0 
2 
1DH 


110K 
6MHz 
0 
0 
2 
72H 


110K 
12MHz 
0 
0 
1 
FEEBH 


~ '-~ 


I 
CONTROL 


EXEN2 
/ 


TIMER 1 
OVERFLOW 
cgJ 


\--SMOD 


"1" 
":.J 


---- 
RTCLK 


~CLK 


UART 
RECEIVE 
TRANSMIT 
CLOCK 


Start 


TX Control 


56 
Send 


Serial 
Port 


Interrupt 


RX Clock 
Rl 


RX Control 
Shift 


REN 
Start 
m 


RxD 
P3.0 Ah 
Output 
Function 


TxD 
P3.1 Alt 
Output 


Function 


RxD 
P3.0 Alt 
Input 
Function 


.... 
56151.... 
561 51 .... 
56151.... 
56151.... 
56151.... 
56l 
51 .... 
561 51 .. 


ALE 


~ 
W<I'.'o 
SBUF 


send 
56P2 Ir----------------------------------~ 
_ 


Shift 


~ 
Write to 5CON 
(Clear 
RI) 


;:u--1 •. 
......I 
) 


Receive 


Shift 


RxO (Data In) 
- 


TxD (Shift 
Clock) 


TImer 1 
Timer 2 
OVerflow 
Overflow 


."oo.~ 
~ 


RX Clock 
RI 


RXControl 


Load 
SBUF 


Shift 


TX 
Clock 
-" 


WritetoSBUF 


Data 
LSO:Plj 


Shift 


TxD 


TI 


-+ 16 Reset 
RX 


{ 


Clock 


R• 
RxD 


c 
Bh Detector 
• 
Sa 
Ie Tlmes 
I 
v 
Shift 
· 
RI 


Lsena 
C-S-1P-l-,;========================================================.: 
•... 
_ 


~{ ~~t:~e:lor 
e 
Sam 
leTlmes 
I 
v 
Shift 
e 
RI 


Timer 1 
Timer 2 


Overflow 
Overflow 


'"".~ 
~ 


SerIalPort 
Interrupt 


RX 
Clock 
R1 


RX Control 


Load 
SBUF 


Shift 


c 
sena 


-"------------------------------ 
•...• 
SlP"r-----------------------------o- 
_ 


RX 


= { 
~::~:~tor 
c 
Sam 
leTtme 
. 
I 
Shift 
v 
• 
RI 
______________________________________ 
.J 


1.7 
Interrupt system 
External events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronous to execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution, a multiple-source, 
two-priority-Ievel, nested interrupt system is 
provided. The 83CL580 acknowledges 
interrupt requests from fifteen sources as 
follows: 


• lliITli through II\ITS' 


• Timer 0, Timer 1, and Timer 2 


• 12Cbus serial I/O 


• UART 


·ADC 


Each interrupt vectors to a separate location 
in program memory for its service routine. 


Each source can be individually enabled or 
disabled by corresponding bits in the Interrupt 
Enable Registers (lENa, IEN1). The priority 
level is selected via the Interrupt Priority 
register (IPO,IP1). All enabled sources can 
be globally disabled or enabled. 


1.7.1 External interrupts 
INT2IINT8 
Port 1 lines serve an alternative purpose as 
seven additional interrupts fIiJT2 to TIIlT8. 
When enabled, each of these lines may 
"wake-up" the device from Power-down 
mode. Using the IX1 register, each pin may 
be initialized to either active HIGH or LOW. 
IRQ1 is the interrupt request flag register. 
Each flag, if the interrupt is enabled, will be 
set on an interrupt request but must be 
cleared by software, i.e., via the interrupt 
software or when the interrupt is disabled. 


A low-priority interrupt can be interrupted by a 
high-priority interrupt, but not by another 
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low-priority interrupt. A high-priority interrupt 
cannot be interrupted by any other interrupt 
source. If two interrupt requests of different 
priority levels are received simultaneously, 
the request of higher priority levei is serviced. 
If interrupt requests of the same priority level 
are received 
simultaneously, 
an internal 


polling sequence determines which request is 
serviced. Thus within each priority level there 
is a second priority structure determined by 
the polling sequence (see Figure 19). 


The port 1 interrupts are level sensitive. A 
port 1 interrupt will be recognized when a 
level (HIGH or LOW depending on Interrupt 
Polarity Register IX1) on P1x is held active 
for at least one machine cycie. The Interrupt 
Request is not served until the next machine 
cycle. 


Interrupt 
Enable Register 
Interrupt 
Priority Register 
Interrupt 
Polarity 
Register 
IENO,IEN1 
IPO,IP1 
IX1 


IENO(A8H)~ 
IPO(B8H)~ 
IX1(E9H)~ 


IDI 
~ 
FUNCTION 
fill 
~ 
FUNCTION 
Writing either a "1" or "0" to an IX1 register bit 
sets the polarity level of the corresponding 
IENO.7 
EA 
General enable! 
IPO.7 
Unused 
external interrupt to active HIGH or LOW 
disable control 
IPO.6 
PT2 
Timer 2 interrupt 
respectively. 
o ; no interrupt is 
enabled; 
priority level 
.!ill 
~ 
FUNCTION 
1=any individually 
IPO.5 
P81 
12Cinterrupt priority 
IX1.7 
Unused 
enabled interrupt 
level 


will be accepted 


IPOA 
P80 
UART 810 interrupt 
IX1.6 
IL8 
External interrupt 8 


IENO.6 
ET2 
Enable T2 interrupt 
priority level 
polarity level 


IENO.5 
E81 
Enable 12Cinterrupt 
IPO.3 
PT1 
Timer 1 interrupt 
IX1.5 
IL7 
External interrupt 7 


IENOA 
E80 
Enable UART 810 
priority level 
polarity level 


interrupt 
IPO.2 
PX1 
External interrupt 1 
IX1.4 
IL6 
External interrupt 6 


IENO.3 
ET1 
Enable Timer T1 
priority level 
polarity level 


interrupt 
iPO.1 
PTO 
Timer 0 interrupt 
IX1.3 
IL5 
External interrupt 5 


IENO.2 
EX1 
Enable external 
priority level 
polarity level 


interrupt 1 
IPO.O 
PXO 
External interrupt 0 
IX1.2 
IL4 
External interrupt 4 


IENO.1 
ETO 
Enable Timer TO 
priority level 
polarity level 


interrupt 
IXU 
IL3 
External interrupt 3 


IENO.O 
EXO 
Enable external 
poiarity level 


interrupt 0 
IX1.0 
IL2 
External interrupt 2 
polarity level 


IEN1 (E8H 
lP1 (F8H) 
Interrupt 
Request 
Flag Register 


IDI 
~ 
FUNCTION 
IRQ1 


IDI 
~ 
FUNCTION 
IRQ1(COH)~ 
IEN1.7 
EAD 
EnabieADC 
IP1.7 
PADC 
ADC interrupt prior- 
interrupt 
ity level 
IEN1.6 
EX8 
Enable external 
IP1.6 
.!ill 
SYMBOL 
FUNCTION 
interrupt 8 
PX8 
External interrupt 8 
IR01.7 
Unused 
priority level 


IEN1.5 
EX7 
Enable external 
IR01.6 
108 
External interrupt 8 
IP1.5 
PX7 
External interrupt 7 
request flag 
interrupt 7 
priority level 
IEN1A 
EX6 
Enable external 
IR01.5 
107 
External interrupt 7 


interrupt 6 
IP1A 
PX6 
External interrupt 6 
requestflag 


priority level 
IR01A 
106 
External interrupt 6 
IEN1.3 
EX5 
Enable external 
IP1.3 
PX5 
External interrupt 5 
requestflag 
interrupt 5 
priority level 
IR01.3 
105 
External interrupt 5 
IEN1.2 
EX4 
Enable external 
IP1.2 
PX4 
External interrupt 4 
request flag 


interrupt 4 
priority level 
IR01.2 
104 
External interrupt 4 
IEN1.1 
EX3 
Enable external 
IP1.1 
PX3 
External interrupt 3 
request flag 
interrupt 3 
priority level 
IR01.1 
103 
External interrupt 3 
IEN1.0 
EX2 
Enable external 
IP1.0 
PX2 
External interrupt 2 
request flag 


interrupt 2 
IR01.0 
102 
External interrupt 2 
priority level 
request flag 


where 0 ; interrupt disabled 
Interrupt priority is as follows: 
1 ; interrupt enabled 
o = low priority 
1 = high priority 


1.7.2 
Interrupt vectors 


(highest) 
~ 


XO 
0003H 


81 
002BH 


X5 
0053H 


TO 
OOOBH 


T2 
0033H 
X6 
005BH 


X1 
0013H 
X2 
003BH 


X7 
0063H 
T1 
001BH 


X3 
0043H 
X8 
006BH 


80 
0023H 
X4 
004BH 
ADC 
0073H 
(lowest) 


~ 
external 0 


12C port 
externai 5 
timer 0 
timer 2 
external 6 
external 1 
external 2 
external 7 
timer 1 
external 3 
external 8 
UART 
external 4 
ADC 


1.7.3 
Related Registers 
The following registers are used in 
conjunction with the interrupt system: 


REGISTER 
FUNCTION 


IX1 
Interrupt polarity 
register 
IRQ1 
Interrupt request 
flag register 
IENO 
Interrupt enable 
register 
IEN1 
Interrupt enable 
register 
(INT2-INT8, ADC) 
IPO 
Interrupt priority 
register 
IP1 
Interrupt priority 
register 
(INT2-INT8, ADC) 


1.8 
Oscillator Circuitry 
The on-chip oscillator circuitry of the 
83CL580 is a single-stage inverting amplifier 
biased by an internal feedback resistor 
(Figure 21). For operation as a standard 
quartz oscillator, no external components are 
needed, except at 32kHz. When using 
external capacitors, ceramic resonators, coils 
and RC networks to drive the oscillator, five 
different configurations are supported (see 
Figure 22 and oscillator options). 


Interrupt Priority-Each 
interrupt priority 
source can be set to either high or low 
priority. If both priorities are requested 
simultaneously, the controller will branch to 
the high priority vector. 


A low priority interrupt can only be interrupted 
by a high priority interrupt. A high priority 
interrupt routine cannot be interrupted. 


In the Power-down mode the oscillator is 
stopped and XTAL1 is pulled HIGH. The 


TO INTERNAL 
TIMING 
CIRCUITS 


oscillator inverter is switched off to ensure no 
current wiil flow regardless of the voltage at 
XTAL 1. To drive the device with an external 
clock source, apply the external clock signal 
to XTAL1, and leave XTAL2 to float, as 
shown In Figure 18(f). There are no 
requirements on the duty cycle of the external 
clock, since the input to the internal clocking 
circuitry is buffered by a flip-flop. 


The following options are provided for 
optimum on-chip oscillator performance. 
Please state option when ordering. 


1.8.1 Oscillator Options (see Figure 22) 


Osc 1: 
Figure 22(c). An option for 32kHz 
clock applications with external 
trimmer for frequency adjustment. A 
4.7MU bias resistor is needed for 
use in parallel with the crystal. 


Osc 2: 
Figure 22(e): An option for 
low-power, low-frequency operations 
using LC components or quartz. 


Osc 3: 
An option for medium frequency 
range applications. 


Osc 4: 
An option for high frequency range 
applications. 


RC: 
Figure 22(g). An option for an RC 
oscillator. 


MAX. RESONATOR 
RESONATOR 
f(MHz) 
OPTION 
Cl EXT. (pF) 
C2 EXT. (pF) 
SERIES RESISTANCE 


MIN 
MAX 
MIN 
MAX 
15kn1 


Quartz 
0.032 
Osc.l 
0 
0 
5 
15 
soon 


Quartz 
1.0 
Osc.2 
0 
30 
0 
30 
lOOn 


Quartz 
3.58 
Osc.2 
0 
15 
0 
15 
75n 


Quartz 
4.0 
Osc.2 
0 
20 
0 
20 
son 


Quartz 
S.O 
Osc.3 
0 
10 
0 
10 
son 


Quartz 
10.0 
Osc.4 
0 
15 
0 
15 
40n 


Quartz 
12.0 
Osc.4 
0 
10 
0 
10 
20n 


Quartz 
lS.0 
Osc.4 
0 
15 
0 
15 
10n 


PXE 
0.455 
Osc.2 
40 
50 
40 
50 
lOOn 


PXE 
1.0 
Osc.2 
15 
50 
15 
50 
10n 


PXE 
3.58 
Osc.2 
0 
40 
0 
40 
10n 


PXE 
4.0 
Osc.2 
0 
40 
0 
40 
5n 


PXE 
S.O 
Osc.2 
0 
20 
0 
20 
sn 


PXE 
10.0 
Osc.3 
0 
15 
0 
15 
sn 


PXE 
12.0 
Osc.4 
10 
40 
10 
40 
lO~H = 1Q 


LC 
Osc.2 
20 
90 
20 
90 
100~H = 5n 
lmH -75n 


NOTES: 
1. 32kHz quartz crystals with a series resistance higher than 15kn will reduce the guaranteed supply voltage range to 2.5 - 3.5V. 
2. The equivalent circuit data of the intemal oscillator compares with that of matched crystals. 


PARAMETER 
OPTION 
SYMBOL 
CONDITION 
MIN 
TYP 
MAX 
UNIT 


Transconductance 
Osc.l 
9m 
T = +25°C, Voo = 4.5V 
- 
15 
- 
lIS 


Osc.2 
9m 
T = +25°C, Voo = 4.5V 
200 
600 
1000 
lIS 


Osc.3 
9m 
T = +25°C, Voo = 4.5V 
400 
1500 
4000 
lis 


Osc.4 
9m 
T = +25°C, Voo = 4.5V 
1000 
4000 
10000 
lis 


Input capacitance 
Osc.l 
Clj 
- 
3.0 
- 
pF 


Osc.2 
Clj 
- 
8.0 
- 
pF 


Osc.3 
Clj 
- 
8.0 
- 
pF 


Osc.4 
Clj 
- 
8.0 
- 
pF 


Oulpul capacitance 
Osc.l 
C2j 
- 
23 
- 
pF 


Osc.2 
C2j 
- 
8.0 
- 
pF 


Osc.3 
C2j 
- 
8.0 
- 
pF 


Osc.4 
C2j 
- 
8.0 
- 
pF 


Output resistance 
Osc.l 
R2 
- 
3800 
- 
kCl 


Osc.2 
R2 
- 
65 
- 
kCl 


Osc.3 
R2 
, 
- 
18 
- 
kCl 


Osc.4 
R2 
- 
5.0 
- 
kCl 


r 


1.8.3 
RC Oscillator 
The extemally adjustable RC-oscillator has a 
frequency range from 1OOkHzto 500kHz. 


\ 
I\. 


t'--..•.... 


1.9 
Reset Circuitry 
To initialize the 83CL580, a reset is 
performed by either of two methods: 


• via the RST pin 


• via a power-on-reset 


It leaves the internal registers as follows: 
~ 
ACC 
ADCH 
ADCON 
B 
DPL 
DPH 
IENO 
IEN1 
IPO 
IP1 
IX1 
IRQ1 
PCH 
PCL 
PCON 
PO- P4 
PWMO 
PWMP 
RCAP2H 
RCAP2L 
SOBUF 
SOCON 
S1ADR 
S1CON 
S1DAT 
S1STA 
PSW 
SP 
TCON 
T2CON 
T3 
THO, TH1, TH2 
TLO,TL1, Tl2 
TMOD 


~ 
0000 0000 
1111 1111 
XOOO0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
XOOO0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
OXXO0000 
1111 1111 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
XXXXXXXX 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
1111 1000 
0000 0000 
0000 0111 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 


The reset state of the port pins is 
mask-programmable and can therefore be 
defined by the user. The standard reset value 
for port PO·P4 is 11111111. 


The reset input to the 83CL580 is the RST 
pin. A Schmitt trigger qualifies the input for 
noise rejection. The output of the Schmitt 
trigger is sampled by the reset circuitry every 
machine cycle. 


A reset is accomplished by holding the RST 
pin HIGH for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. The CPU responds by generating an 
internal reset. Port pins adopt their reset state 
immediately after RST goes HIGH. During 
reset ALE and PS'rn are held HIGH. 


The external reset is asynchronous to the 
internal clock. The RST pin is sampled during 
State 5, Phase 2 of every machine cycle. 
After a HIGH is detected at the RST pin, an 
internal reset is repeated every cycle until 
RST goes LOW. The reset circuitry is also 
affected by the watchdog timer T3, see 
paragraph 1.3.2. 


The internal RAM is not affected by reset. 
When VDOis turned on the RAM contents are 
indeterminate. 


1.9.1 Power-on 
Reset 
The 83CL580 contains on-chip circuitry which 
switch the port pins to the customer defined 
logic level as soon as Voo exceeds 1.3V if 


the mask option "ON" has been chosen. As 
soon as the minimum supply voltage is 
reached, the oscillator will start up. However, 
to ensure that the oscillator is stable before 
the controller starts, the clock signals are 
gated away from the CPU for a further 1536 
oscillator periods. During that time the CPU is 
held in a reset state. 


A hysteresis of approximately 50mV at a 
typical power-on switching level of 1.3V will 
ensure correct operation. 


The on-chip Power-on reset circuitry can also 
be switched off via the mask option "OFF". 
This option reduces the Power-down current 
to typically 800nA and can be chosen if 
external reset circuitry is used. For 
applications not requiring the internal reset, 
option 'OFF' should be chosen. 


An automatic reset can be obtained at 
power-on by connecting the RST pin to Voo 
via a 10IlF capacitor. At power-on, the 
voltage on the RST pin is equal to Voo minus 
the capacitor voltage, and decreases from 
Voo as the capacitor discharges through the 
intemal resistor RRSTto ground. The larger 
the capacitor, the more slowly VRST 
decreases. VRSTmust remain above the 
lower threshold of the Schmitt trigger long 
enough to effect a complete reset. The time 
required is the oscillator start-up time, plus 
2 machine cycles. 
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2.0 
RATINGS 


ABSOLUTE 
MAXIMUM 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


LIMITS 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Voo 
Supply voltage 
-0.5 
+6.5 
V 


VI 
All input voltages 
-{).5 
Voo+0.5 
V 


11.10 
DC current into any input or output 
- 
5 
mA 


P1o1 
Total power dissipation 
- 
300 
mW 


Ts1g 
Storage temperature range 
-65 
+150 
°C 


Tamb 
Operating ambient temperature range 
-40 
+85 
°C 


Tj 
Operating junction temperature 
- 
125 
°C 


3.0 
DC ELECTRICAL 
CHARACTERISTICS 


voo = 2.5V to 6V; vss = OV;Tamb= -40°C to +85°C, all voltages with respect to Vss; unless otherwise specified. 


TEST 
LIMITS 
I 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Supply voltage 


Voo 
Supply voltage 
2.5 
- 
6.0 
V 


RAM retention voltage in power-down mode 
1.0 
- 
6.0 
V 


Supply current 


100 
Operating Supply current (note 1) 
Voo = 5V; fclk = 12 MHz 
- 
- 
27.0 
mA 


Voo = 3V; fclk = 3.58 MHz 
- 
- 
5.0 
mA 


Idle mode Supply current (note 2) 
Voo = 5V; fclk = 12 MHz 
- 
- 
10.0 
mA 


Voo = 3V; fclk = 3.58 MHz 
- 
- 
3.0 
mA 


Ipo 
Power-down mode (note 3) 
Voo = 1.8V; Tamb= 25°C 
- 
- 
10 
~A 


Inputs (Note 6) 


VIL 
Input voltage lOW 
Vss 
- 
0.3Voo 
V 


VIH 
Input voltage HIGH 
0.7Voo 
- 
Voo 
V 


±Iu 
Input leakage current) 
port 0, EA) 
Vss <VI < Voo 
- 
- 
10 
~ 


Outputs 


IOL 
Output sink current lOW (except SDA, SCl) 
voo = 5V; VOL= OAV 
1.6 
- 
- 
mA 


Voo = 2.5V; VOL= OAV 
0.7 
- 
- 
mA 


Output sink current, SDA, SCl 
Voo = 5V; VOL = 0.4V 
3.0 
- 
- 
mA 


PWMO 
Voo = 5V; VOL= 0.4V 
3.2 
- 
- 
mA 


Voo = 2.5V; VOL= OAV 
1.6 
- 
- 
mA 


-IOH 
PWMO 
Voo = 5V; VOH= Voo-D.4V 
3.2 
- 
- 
mA 


Voo = 2.5V; VOH= Voo-D.4V 
1.6 
- 
- 
mA 


Output source current HIGH, push-pull options only 
Voo = 5V; VOH= Voo-DAV 
1.6 
- 
- 
mA 


Voo = 2.5V; VOH= Voo-DAV 
0.7 
- 
- 
mA 


-IlL 
Input current logic 0 
Voo = 5V; VIN = OAV 
- 
- 
100 
~A 


Voo = 2.5V; VIN = 0.4V 
- 
- 
50 
~A 


-ITL 
Input current logic 0, 1-to-0 transition 
Voo = 5V; VIN = Vool2 
- 
- 
1.0 
mA 


Voo = 2.5V; VIN = Vool2 
- 
- 
500 
~ 


RRST 
RST pull-down resistor 
10 
- 
200 
kn 


Voo - 2.5V to 6V; Vss - OV;AVss; - OV;AVREFP- Voo; Tamb= -40°C to +85°C, unless otherwise specified. 


Analogue 
Inputs 


AVIN 
Analog input voltage 
AVSS 
- 
AVoo 
V 


AVREFP 
Reference voltage 
2.5 
- 
Voo 
V 


RREF 
Resistance between AVREFP and AVss 
25 
- 
100 
kn 


CAIN 
Analog on-chip input capacitance 
- 
3 
- 
pF 


Absolute error (note 7); 
+/-1 lSB 


Zero-offset error (note 8): 
+/-1 lSB 


Differential non-linearity (note 9): 
+/-1 lSB 


Channel to channel variation (note 10): 
+/-1/2 lSB 


NOTES TO DC CHARACTERISTICS: 
1. The operating supply current is measured with all output pins disconnected; XTAL1 driven with t, = tf = 10ns; VIL = Vss; VIH= VDD ; 


XTAL1 not connected; EA = RST + PORT 0 = VDD. 
2. The idle mode supply current is measured with all output pins disconnected; XTAL1 driven with t, = tf = 10ns; VIL= Vss; VIH= VDD; 
XTAL2 is not connected; EA = PORT 0 = VDD. 


3. The power-down current is measured with all output pins disconnected; XTAL1 not connected; EA = Port 0 = VDD; RST = Vss. 
4. 
Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the LOW level output voltage of ALE, 
Port 1 and Port 3 pins when these pins make a Ho-O transition during bus operations. In the most adverse conditions (capacitive 
loading> 1OOpF)the noise pulse on the ALE line may exceed 0.8V. In this event it may be required to qualify ALE with a Schmitt trigger, or 
use an address latch with a Schmitt trigger strobe input. 


5. Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALE and !'SEliI to momentarily fall below the 0.9% of 
VDDspecification when the address bits are stabilizing. 
6. The input threshold voltage of P1.6/SCL and P1.7/SDA meet the 12C-bus specification, so an input voltage below 0.3VDD will be recognized 


as a logic 0, while an input voltage above 0.7VDD will be recognized as a logic 1. 


7. Absolute error - 
The maximum difference between actual and ideal code transitions. Absolute error accounts for all deviations of an actual 
converter from an ideal converter. 


8. Zero offset - 
The difference between the actual and ideal input voltage corresponding to the first actual code transition. 
9. 
Differential non-linearity - 
The difference between the actual and ideal code widths. 


10.Channel to channel variation - 
The difference between corresponding code transitions of actual characteristics taken from different 
channels under the same temperature, voltage and frequency conditions. Not tested, but verified on sampling basis. 


(1) EXAMPLE 
OF AN ACTUAL 
TRANSFER 
CURVE 


(2) THE IDEAL TRANSFER 
CURVE 


(3) DIFFERENTIAL 
NON·L1NEARITY 


(4) ABSOLUTE 
ERROR 


_ {AVREFP-AVss} 
1LSB 
- 
256 


4.0 
AC CHARACTERISTICS 


AC ELECTRICAL 
CHARACTERISTICS 


VDD= 5V; Vss = OV;Tamb= -40 to +850C; CL = 50pF for Port 0, ALE and PSEN; CL = 40pF for all other outputs unless otherwise specified. 


12MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


Program 
Memory (see Figure 30) 


tLL 
ALE pulse duration 
127 
- 
2tCK-40 
- 
ns 


tAL 
Address set-up time to ALE 
43 
- 
tCK-40 
- 
ns 


tLA 
Address hold time after ALE 
48 
- 
tCK-35 
- 
ns 


tLC 
Time from ALE to control pulse PSEJIl 
58 
- 
tCK-25 
- 
ns 


tuv 
Time from ALE to valid instruction input 
- 
233 
- 
4tCK-100 
ns 


tcc 
Control pulse duration PSEJIl 
215 
- 
3tCK-35 
- 
ns 


tCIV 
Time from PSEJIl to valid instruction input 
- 
125 
- 
3tCK-125 
ns 


tCI 
Input instruction hoid time after PSEJIl 
0 
- 
0 
- 
ns 


tCIF 
Input instruction float delay after PSEJIl 
- 
63 
- 
tCK-20 
ns 


tAC 
Address valid after PSEJIl 
75 
- 
tCK-8 
ns 


tAIV 
Address to valid instruction input 
- 
302 
- 
5tCK-115 
ns 


tAFC 
Address float time to PSEJIl 
12 
- 
0 
- 
ns 


AC ELECTRICAL 
CHARACTERISTICS 


VDD= 5V; Vss = OV;Tamb= -40'C to +85'C; CL = 50pF for Port 0; ALE and PSEN, CL = 40pF for all other outputs unless otherwise specified. 


12MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


External 
Data Memory (see Figures 31 and 32) 


tRR 
RlJ pulse duration 
400 
- 
6tCK-100 
- 
ns 


tww 
WR puise duration 
400 
- 
6tCK-100 
- 
ns 


tLA 
Address hold time after ALE 
48 
- 
tCK-35 
- 
ns 


tRD 
RlJ to valid data input 
- 
150 
- 
5tCK-165 
ns 


tDFR 
Data float delay after RlJ 
- 
97 
- 
2tCK-70 
ns 


tLD 
Time from ALE to valid data input 
- 
517 
- 
8tCK-150 
ns 


tAD 
Address to valid data input 
- 
585 
- 
9tCK-165 
ns 


tLw 
Time from ALE to RlJ and WR 
200 
300 
3tCK-50 
3tCK+50 
ns 


tAW 
Time from address to RlJ or WR 
203 
- 
4 
- 
ns 


tWHLH 
Time from RlJ or WR HIGH to 
tCK-130 
ALE HIGH 
43 
123 
tCK-40 
tCK+40 
ns 


tDWX 
Data valid to WR transition 
23 
- 
tCK-60 
- 
ns 


tDW 
Data set-up time before WR 
433 
- 
7tCK-150 
- 
ns 


tWD 
Data hold time after WR 
33 
- 
tCK-50 
- 
ns 


tAFR 
Address float delay after RlJ 
- 
12 
- 
12 
ns 
NOTES: 
1. Interfacing the PCF83C580 to devices with float times up to 75ns is permitted. This limited bus contention will not cause damage to Port 0 
drivers. 
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Figure 36. Typical Operating 
Current 
YS. Frequency 
and Voo. 


Tamb= 25°C 


Figure 37. Typical Idle Current 
YS. Frequency 
and Voo. 


Tamb = 25°C 
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Figure 38. Typical Power-down 
Current YS. Voo. 
Tamb = 25°C 


Single-chip 
a-bit microcontroller 


with CAN controller 


DESCRIPTION 
The 80C592/83C592/87C592 
(hereafter 


referred to generically as the 8XC592) is a 
stand-alone high-performance microcontroller 
designed for use in automotive and general 
industrial applications. In addition to the 
80C51 standard features, this device 
provides a number of dedicated hardware 
functions for these applications. Three 
versions of this derivative will be offered: 
- 83C592 (ROM version) 


- 80C592 (ROMless version) 


- 87C592 (EPROM/OTP version) 


It combines the functions of the existing 
8XC552 and the Philips CAN-Controller 
PCA82C200 (CAN: Controller Area Network) 
with the following enhanced features: 


• 16K byte Program Memory 


• 2 x 256 byte Data Memory 


• DMA between CAN TransmiVReceive 


buffer and internal RAM 


The temperature range includes -40°C to 
+85°C as well as automotive temperature 
range -40°C to +125°C for the ROM and 
ROMless version with a maximum clock 
frequency of 16MHz. The 87C592 has a 
temperature range of -40°C to +85°C. 


The main differences to the 8XC552 
microcontroller are: 
- a CAN-controller substitutes the 
12C-serial 


interface 


- 
16K byte programmable ROM resp. 
EPROM instead of 8K byte 


- additional 256 byte RAM. 


The 8XC592 contains a 16k x 8 EPROM 
(87C592), ROM (83C592) program memory, 
a volatile 512 x 8 read/write data memory, a 
Controller Area Network (CAN) controller, six 
8-bit I/O ports, one 8-bit input port, two 16-bit 
timer/event counters (identical to the timers of 
the 80C51), an additional 16-blt timer coupled 
to capture and compare latches, a 15-source, 
two-priority-Ievel, nested interrupt structure, a 
1O-input ADC, a dual DAC pulse width 
modulated interface, two serial interfaces 


(UART and CAN), a "watchdog" timer and 
on-chip oscillator and timing circuits. For 
systems that require extra capability, the 
8XC592 memory can be expanded externally 
using standard TTL compatible memories 
and logic. 


FEATURES 
• 80C51 core architecture 


• 16k X 8 EPROM (87C592) 


• 16k X 8 ROM (83C592) 


• ROMless (80C592) 
.512 
X 8 RAM, expandable externally to 
64k bytes 


• Two standard 16-bit timer/counters 


• An additional 16-bit timer/counter coupled 


to four capture registers and three compare 
registers 


• A 1O-bit ADC with eight multiplexed analog 
inputs 


• Two 8-bit resolution, pulse width 
modulation outputs 


• 15 interrupt sources with 2 priority levels 


• Five 8-bit I/O ports plus one 8-bit input port 


shared with analog inputs 


• CAN controller with DMA transfer between 


internal data RAM and CAN registers 


• Up to 1 MbiVs CAN-Controller with bus 


failure management facility 


• VDoI2 reference voltage 


• Full-duplex UART compatible with the 


standard 80C51 


• On-chip watchdog timer 
• Extended temperature ranges (-40 to 


+1250C) 


• OTP package available 


• ROM code protection 


Pin 
Function 
Pin 
Function 


I 
P5.0/ADCO 
35 
vss 
2 
vDD 
36 
P2.OIA08 


3 
STADe 
37 
P2.1/A09 
4 
l'Wml 
36 
P2.2fAl0 


5 
PWm 
39 
P2.3/Al1 


6 
EW 
40 
P2.4/A12 


7 
P4.OICMSRO 
41 
P2.5/A13 


8 
P4.1/CMR$1 
42 
P2.61A14 


9 
P4.2CMSR2 
43 
P2.7/A15 


10 
P4.31CMSR3 
44 
J'SEil 


11 
P4.4/CMSR4 
45 
AlEll'ROO 


12 
P4.51CMSR5 
46 
FJVVpp 


13 
P4.61CMTO 
47 
PO.l/AD? 


14 
P4.7fCMTl 
48 
PO.GlADS 


IS 
RST 
49 
PO.5/ADS 


16 
P 1.0/CTOI/INT2 
50 
PO.4/AD4 


17 
Pl.1fCTlI/lNT3 
51 
PO.31AD3 


18 
Pl.21CT2I/1NT4 
52 
PO.21AD2 
19 
Pl.31CT31I1NT5 
53 
PO.l/AD1 


20 
Pl.4rr2 
54 
PO.OIADO 


21 
Pl.5IRT2 
55 
REF 
22 
CVss 
56 
CRXI 


23 
Pl,61CTXO 
57 
CRXO 


24 
Pl.7/CTXl 
58 
AVrel- 
25 
P3.0/RxD 
59 
AVref+ 
26 
P3.1TxD 
60 
AVSS 
27 
P3.2JrnTll 
61 
AVOC 
28 
P3.3ITI'ITI 
62 
P5.7/ADC7 
29 
P3.4fTO 
63 
P5.61ADC6 


30 
P3.Srrl 
64 
PS.5/ADCS 
31 
P3.6IWR 
65 
P5.4/ADC4 


32 
P3.7/RU 
66 
PS.31ADC3 


33 
XTAL2 
67 
PS.21ADC2 


34 
XTAl1 
68 
PS.l/ADC1 


FREQUENCY 
DRAWING 


ROMless 
ROM 
EPROM 
TEMPERATURE RANGE DCAND PACKAGE 
MHZ 
NUMBER 


P80C592FFA 
P83C592FFA 
- 
-40 to +85, 68-Pin Plastic Leaded Chip Carrier 
1.2 to 16 
0398 


P80C592FHA 
P83C592FHA 
- 
-40 to +125, 68-Pin Plastic Leaded Chip Carrier 
1.2 to 16 
0398 


- 
- 
P87C592EFL 
-40 to +85, 68-Pin Ceramic Leaded Chip Carrier 
3.5 to 16 
1240 


wlWindow 


- 
- 
P87C592EFA 
-40 to +85, 68-Pin Plastic Leaded Chip Carrier 
3.5 to 16 
0398 
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[!] ALTERNATIVE FUNCTION OF PORT 0 
[!] ALTERNATIVE FUNCllON 
OF PORT 1 
[!] ALTERNATIVE FUNCTION OF PORT 2 


[!] ALTERNAl1VE FUNCllON 
OF PORT 3 


[!] ALTERNATIVE FUNCTION OF PORT 4 
CD ALTERNAl1VE FUNCl10N 
OF PORT 5 


[!] NOT PRESENT IN P8OC592 
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MNEMONIC 
PIN NO. 
TYPE 
NAME AND FUNCTION 


Voo 
2 
I 
Digital Power Supply: +5V power supply pin during normal operation, idle and power-down mode. 


STADC 
3 
I 
Start ADC Operation: 
Input starting analog to digital conversion (ADC operation can also be started by 
software). This pin must not float. 


'F'WMll 
4 
0 
Pulse Width Modulation: 
Output O. 


PWm' 
5 
0 
Pulse Width Modulation: 
Output 1. 


EW 
6 
I 
Enable Watchdog 
Timer: Enable for T3 watchdog timer and disable power-down mode. This pin must 
not float. 


PO.0-PO.7 
54-47 
1/0 
Port 0: Port 0 is an 8-bit open-drain bidirectional 1/0 port. Port 0 pins that have 1s written to them float 
and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order address and data 
bus dUring accesses to external program and data memory. In this application it uses strong internal 
pull-ups when emitting ls. Port 0 is also used to input the code byte during programming and to output 
the code byte during verification. 


Pl.0-Pl.7 
16-21, 
1/0 
Port 1: 8-bit 1/0 port. Alternate functions include: 


23--24 


16-19 
I 
CTOI-CT31(Pl.o-Pl.3): 
Capture timer input signals for timer T2. 


16-19 
I 
INT2-INTS (Pl.o-Pl.3): 
External interrupts 2-5. 
20 
I 
T2 (Pl.4): 
T2 event input. Rising edge triggered. 
21 
I 
RT2 (Pl.S): T2 timer reset signal. Rising edge triggered. 
23 
0 
CTXO (Pl.6): 
CAN transmitter output O. 
24 
0 
CTXl (Pl.7): 
CAN transmitter output 1. 
Port 1 is also used to input the lower order address byte during EPROM programming and verification. 
AO is on Pl.0, etc. 


CVss 
22 
I 
CVss: CAN transmitter driver ground. 


P2.0-P2.7 
36-43 
1/0 
Port 2: 8-bit quasi-bidirectional 
1/0 port. 


Altemate function: High-order address byte for external memory (A08-A15). Port 2 is also used to input 
the upper order address during EPROM programming and verification. A8 is on P2.0, A9 on P2.1, 
through A12 on P2.4. 


P3.0-P3.7 
25-32 
1/0 
Port 3: 8-bit quasi-bidirectional 
1/0 port. Altemate functions include: 
25 
RxD (P3.0): Serial input port. 
26 
TxD (P3.1): Serial output port. 
27 
IIiITll (P3.2): External interrupt. 


28 
J1IlTf (P3.3): External interrupt. 


29 
TO(P3.4): TImer 0 external input. 


30 
T1 (P3.S): TImer 1 external input. 


31 
WR (P3.6): External data memory write strobe. 


32 
RO (P3.7): Extemal data memory read strobe. 


P4.0-P4.7 
7-14 
1/0 
Port 4: 8-bit quasi-bidirectional 
1/0 port. Altemate functions include: 
7-12 
0 
CMSRD-CMSR5 (P4.o-P4.S): TImer T2 compare and set/reset outputs on a match with timer T2. 
13,14 
0 
CMTO, CMT1 (P4.6, P4.7): TImer T2 compare and toggle outputs on a match with timer T2. 


P5.0-P5.7 
68-62, 
I 
Port 5: 8-bit input port. 
1 
ADCo-ADC7 (PS.o-PS.7): Altemate function: Eight input channels to ADC. 


RST 
15 
1/0 
Reset: Input to reset the 8XC592. It also provides a reset pulse as output when the watchdog timer 
overflows or after a CAN wakeup from power-down. 


XTALl 
34 
I 
Crystal 
Pin 1: Input to the inverting amplifier that forms the oscillator, and input to the intemal clock 


generator. Receives the extemal clock signal when an external oscillator is used. 


XTAL2 
33 
0 
Crystal 
Pin 2: Output of the inverting amplifier that forms the oscillator. Left open-circuit when an 


external clock is used. 


Vss 
35 
I 
Digital ground. 


J5SE'I 
44 
0 
Program Store Enable: Active-low read strobe to external program memory. 


ALEIPROO 
45 
0 
Address 
Latch Enable: Latches the low byte of the address during accesses to external memory. It is 
activated every six oscillator periods. During an external data memory access, one ALE pulse is 
skipped. ALE can drive up to eight LS TIL inputs and handles CMOS inputs without an external pull-up. 
This pin is also the Dronram Dulse input (PROG) durinq EPROM proqramminq. 
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MNEMONIC 
PIN NO. 
TYPE 
NAME AND FUNCTION 


'CANpp 
46 
I 
External Access: 
When EA is held at TTL level high, during reset the CPU executes out of the internal 
program ROM provided the program counter is less than 16384. When EA is held at TTL low level, 
during reset the CPU executes out of external program memory. EA is not allowed to float. This pin also 
receives the 12.75V programming supply voltage (Vpp) during EPROM programming. 


REF 
55 
0 
REF: AVool2 reference voltage output or input, depending on CAN control register bits. If the internal 
reference is used, then REF should be connected to AVss through a 10nf (or greater) capacitor. 


CRX1 
56 
I 
CRX1: CAN receiver input line 1. 


CRXO 
57 
I 
CRXO: CAN receiver input line O. 


AVREF- 
58 
J 
Analog to Digital Conversion 
Reference Resistor: 
Low-end. 


AVREF+ 
59 
J 
Analog to Digital Conversion 
Reference Resistor: 
High-end. 


AVss 
60 
I 
Analog Ground 
(for ADC and CAN receiver) 


AVoo 
61 
I 
Analog Power Supply (for ADC and CAN receiver) 
NOTE: 
1. To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher or lower than Voo + 0.5V or Vss - 0.5V, 


respectively. 


The 8XC592 has the same operation as the 
8XC552 for all features except the CAN 
interface and the AuxRAM. Please refer to 
the 8XC552 section in this data handbook for 
information on the PWM outputs, AID 
converter, TImers 0, 1, or 2, the Watchdog 
TImer and the UART (5100). 


INTERNAL 
DATA MEMORY 
The internal Data Memory is divided into 
three physically separated parts: the 256 by1e 
of Main RAM, the 256 by1eof AuxRAM, and 


the 128 by1especial function area. these can 
be addressed each in a different way. 
- Main RAM 0 to 127 can be addressed 


directly and indirectly as in the 80C51. 
Address pointers are ROand R1 of the 
selected register bank. 


- Main RAM 128 to 255 can only be 
addressed indirectly. Address pointers are 
ROand R1 of the selected register bank. 


- AuxRAM 0 to 255 is indirectly addressable 


in the same way as the external Data 
Memory with MOVX instructions. Address 
pointers are RO,R1 of the selected register 


bank and the DPTR. An access to 
AuxRAM 0 to 255 will not affect the ports 
PO,P2, P3.6 and P3.7 during internal 
program execution. 


An access to external Data Memory 
locations higher than 255 will be performed 
with the MOVX @DPTR instructions in the 
same way as in the 80C51 structure, so 
with POand P2 as data/address bus and 
P3.6 and P.37 as write and read strobe 
signals. Note that these external Data 
Memory locations cannot be accessed with 
ROor R1 as address pointer. 
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Preliminary specification 


CAN FUNCTIONAL 
DESCRIPTION 


S101, CAN 
(Controller 
Area Network) 


CAN is the definition of a high performance 
communication protocol for serial data 
communication. The 8XC592 on-chip CAN 
Controller is a full implementation of the 
CAN-protocol. With the 8XC592, powerful 
local networks can be built, both for 
automotive and general industrial 
environments. This results in a strongly 
reduced wiring harness and enhanced 
diagnostic and supervisory capabilities. 


Features 


• Multi-master architecture 


• Bus access priority determined by the 


message identifier 


• 2032 message identifier 


• Guaranteed latency time for high priority 
messages 


• Powerful error handling capability 


• Data length from 0 up to 8 bytes 


• Multicast and broadcast message facility 


• Non-destructive bit-wise arbitration 


• Non-return-to-zero (NRZ) coding/decoding 


with bit stuffing 


• Programmable transfer rate (up to 1 MbiVs) 


• Programmable output driver configuration 


• Suitable for use in a wide range of 
networks, including the SAE's network 
classes A, Band C 


• DMA providing high-speed on-chip data 
exchange 


• Bus failure management facility 


• AVDD/2reference voltage 


The CAN Controller meets the following 
automotive requirements: 


• Short message length 


• Guaranteed latency time> for urgent 
messages 


• Bus access priority, determined by the 
message identifier 


• Powerful error handling capability 


• Configuration flexibility to allow area 
network expansion. 


NOTE: 
The latency time defines the period 
between the initiation (Transmission 
Request) and the start of the transmission 
on the bus. The latency time strongly 
depends on a large variety of bus-related 
conditions. In the case of a message 
being transmitted on the bus and Q!N 
distortion, the latency time can be up to 
149 bit times (worst case). For more 
information, see the application note on 
bit timing. 


CAN Functional 
Overview 
The 8XC592 includes all hardware modules 
necessary to implement the transfer layer 
which represents the kernel of the CAN 
protocol. Refer to the block diagram (previous 
page) of the CAN controller portion of the 
8XC592. 


Interface Special Function 
Registers 
The data transfer between the CPU and the 
CAN part of the 8XC592 is done via four 
SFRs: 


to point to a register of 
the CAN-<:ontroller 


to read or write data 


to read interrupt flags 
and to write commands 


to read status infor- 
mation and to write 
DMA pointer to the 
MAIN RAM 


CANDAT (DAH): 


CANCON (D9H): 


Additionally, the DMA-Iogic allows a high- 
speed data exchange between the CAN- 
controller and the MAIN RAM (see section 
"Handling of the CPU-CAN interface"). 


Interlace 
Management 
Logic 
(IML) 
The IML interprets the commands from the 
CPU, controls the allocation of the message 
buffers Transmit Buffer (TBF), Receive Buffer 
o (RBFO), and Receive Buffer 1 (RBF1), and 
provides interrupts and status information to 
the CPU. 


Transmit 
Buffer (TBF) 
The TBF is an interface between the CPU 
and the Bit Stream Processor (BSP) and is 
able to store a complete message. The buffer 
is written by the CPU and read by the BSP. 
The TBF is 10 bytes long to hold the 
Descriptor (2 bytes) and the Data-Field (up to 
8 bytes) of the message. 


Receive 
Buffer (RBFO, RBF1) 


The RBF is an interface between the BSP 
and the CPU and stores a message received 
from the busline. Once filled by BSP and 
allocated to the CPU by IML, the buffer 
cannpt be used to store subsequently 
received messages until the CPU has (read 
and) released the buffer. 


To reduce the requirements on the CPU, two 
receive buffers (RBFO, RBF1) are 
implemented. While one RBF is allocated to 
the CPU, the BSP may write to the other one. 
Both RBFO and RBF1 are 10 bytes long to 
hold the Descriptor (2 bytes) and the 
Data-Field (up to 8 bytes) of the message. 


Bit Stream Processor 
(BSP) 


This is a sequencer controlling the data 
stream between transmit and receive buffers 
(parallel data) and the busline (serial data). 
The BSP contains the Acceptance Filter and 
also controls the TCL and the EML such that 
the processes of reception, arbitration, 
transmission, and error signaling are 
performed according to the protocol. The 
BSP provides signals to the IML indicating 
when a message has got acceptance, when 
a receive buffer contains a valid message, 
and also when the transmit butter is no longer 
required after a successful transmission. 


Bit Timing 
Logic (BTL) 


This block monitors the busline using the 
(built-in) Input Comparator and handles the 
busline-related bit timing. 


The BTL synchronizes on a "recessive" to 
"dominanf' busline transition at the beginning 
of a message (hard synchronization) and 
resynchronizes on further transitions during 
the reception of a message (soft 
synchronization). 


The BTL also provides programmable time 
segments to compensate for the propagation 
delay times and phase shifts (e.g., due to 
oscillator drifts) and to define the sampling 
time and the number of samples (one or 
three) to be taken within a bit time. 


Transceiver 
Logic (TCL) 


The TCL controls the transmit output driver. 


Error Management 
Logic (EML) 


The EML is responsible for the error 
confinement of the transfer-layer modules. 
The EML gets error announcements from 
BSP and then informs the BSP, TCL, and IML 
about error statistics. 
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CONTROL 
SEGMENT 
AND 
MESSAGE 
BUFFER 
DESCRIPTION 
The CAN Controller appears to the CPU as 
an on chip memory mapped peripheral, 
guaranteeing the independent operation of 
both parts. 


Address 
Allocation 


The address area of the CAN Controller 
consists of the Control Segment and the 


message buffers. The Control Segment is 
programmed during an initialization 
down-load in order to configure 
communication parameters (e.g., bit timing). 
The communication over the CAN-bus is also 
controlled via this segment by the CPU. A 
message which is to be transmitted, must be 
written to the Transmit Buffer. After a 
successful reception the CPU may read the 
message from the Receive Buffer and then 
release it for further use. 


Control Segment 
Layout 


The exchange of status, control and 
command signals between the CPU and the 
CAN Controller is performed in the control 
segment. The layout of this segment is 
shown in Figure 1. After an initial down-load, 
the contents of the registers Acceptance 
Code, Acceptance Mask, bus Timing 0 and 1 
and Output Control should not be changed. 
These registers may only be accessed when 
the Reset Request bit in the Control Register 
is set HIGH (see ·Control Register). 


ADDRESS 


"C::O:':NT=RO=L:-------, 


COMMAND 


STATUS 


INTERRUPT 


ACCEPTANCE 
CODE 


ACCEPTANCE 
MASK 


BUS TIMING 
0 


BUS TIMING 
1 


OUTPUT CONTROL 


TEST 


10 
IDENTIFIER, 


11 
RTR BIT, 
DATA LENGTH 
CODe 


12 
BYTE 
1 


13 
BYTE 
2 


14 
BYTE 
3 


15 
BYTE 
4 


16 
BYTE 
5 


17 
BYTE 
6 


18 
BYTE 
7 


19 
BYTE 8 


20 
IDENTIFIER, 


21 
RTR BIT, 
DATA LENGnt 
CODe 


22 
BYTE 
1 


23 
BYTE 
2 


24 
BYTE 
3 


25 
BYTE 
4 


26 
BYTE 
5 


27 
BYTE 
6 


28 
BYTE 
7 


29 
BYTE 
8 


IDENTIFIER, 


RTR BIT, 
DATA LENGTH CODE 


BYTE 
1 


BYTE 2 


BYTE 
3 


BYTE 
4 


BYTE 
5 


BYTE 
6 


BYTE 
7 


BYTE 
8 
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DESCRIPTION 
ADDRESS 
7 (MSB) 
6 
5 
4 
3 
2 
1 
o (LSB) 


Control 
Segment 


Reference 
Overrun 
Error 
Transmit 
Receive 
Reset 
Control Register 
0 
Test Mode 
Synch 
Active 
Interrupt 
Interrupt 
Interrupt 
Interrupt 
Request 
Enable 
Enable 
Enable 
Enable 


RXO 
RXl 
Wake-Up 
Clear 
Release 
Abort 
Trans- 
Command Register 
1 
Sleep 
Overrun 
Receive 
Trans- 
mission 
Active 
Active 
Mode 
Status 
Buffer 
mission 
Request 


Trans- 
Transmit 
Receive 
Status Register 
2 
Bus 
Error 
Transmit 
Receive 
mission 
Buffer 
Data 
Buffer 
Status 
Status 
Status 
Status 
Complete 
Overrun 


Status 
Access 
Status 


Interrupt Register 
3 
reserved 
reserved 
reserved 
Wake-Up 
Overrun 
Error 
Transmit 
Receive 


Interrupt 
Interrupt 
Interrupt 
Interrupt 
Interrupt 


Acceptance Code 
4 
AC.7 
AC.6 
AC.5 
AC.4 
AC.3 
AC.2 
AC.l 
AC.O 
Register 


Acceptance Mask 
5 
AM.7 
AM.6 
AM.5 
AM.4 
AM.3 
AM.2 
AM.l 
AM.O 
Register 


Bus TIming Register 0 
6 
SJW.l 
SJW.O 
BRP.5 
BRP.4 
BRP.3 
BRP.2 
BRP.l 
BRP.O 


Bus TIming Register 1 
7 
SAM 
TSEG2.2 
TSEG2.1 
TSEG2.0 
TSEG1.3 
TSEG1.2 
TSEG1.l 
TSEG1.0 


Output Control 
8 
OCTPl 
OCTNl 
OCPOLl 
OCTPO 
COTNO 
OCPOLO 
OCMODEl 
OCMOOEO 
Register 


Transmit 
Buffer 


Identifier 
10 
10.10 
10.9 
10.8 
10.7 
10.6 
10.5 
10.4 
10.3 


RTR, Data Length 
11 
10.2 
10.1 
10.0 
RTR 
OLC.3 
OLC.2 
OLC.l 
DLC.O 
Code 


Bytes 1-8 
12-19 
Data 
Data 
Data 
Data 
Data 
Data 
Data 
Data 


Receive Buffer 0/1 


Identifier 
20 
10.10 
10.9 
10.8 
10.7 
10.6 
10.5 
10.4 
10.3 


RTR, Data Length 
21 
10.2 
10.1 
10.0 
RTR 
OLC.3 
OLC.2 
OLC.l 
OLC.O 
Code 


Bytes 1-8 
22-29 
Data 
Data 
Data 
Data 
Data 
Data 
Data 
Data 
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Control Register (CR) 
The contents of the Control Register are used 
to change the behavior of the CAN Controller. 
Control bits may be set or reset by the CPU 
which uses the Control Register as a 
read/write memory. 


CR 
ADDRESS 0 


BIT 
SYMBOL 
NAME 
VALUE 
FUNCTION 


CR.O 
RR 
Reset Request1 
HIGH (present) 
Detection of a Reset Request results in the CAN Controller aborting 
the current transmission/reception 
of a message entering the reset 
state. 


LOW (absent) 
On the HIGH-to-LOW transition of the Reset Request bit, the CAN 
Controller returns to its normal operating state. 


CR.1 
RIE 
Receive Interrupt Enable 
HIGH (enabled) 
When a message has been received without errors, the CAN 
Controller transmits a Receive Interrupt signal to the CPU. 


LOW (disabled) 
No transmission of the Receive Interrupt signal by the CAN 
Controller to the CPU. 


CR.2 
TIE 
Transmit Interrupt Enable 
HIGH (enabled) 
When a message has been successfully transmitted or the transmit 
buffer is accessible again, (e.g., after an Abort Transmission 
command) the CAN Controller transmits a Transmit Interrupt signal 
to the CPU. 


LOW (disabied) 
No transmission of the Transmit Interrupt signal by the CAN 
Controller to the CPU. 


CR.3 
EIE 
Error Interrupt Enable 
HIGH (enabled) 
If the Error or Bus Status change (see status Register), the CPU 
receives an Error Interrupt signal. 


LOW (disabled) 
The CPU receives no Error Interrupt signal. 


CR.4 
OlE 
Overrun Interrupt Enable 
HIGH (enabled) 
If the Data Overrun bit is set (see Status Register), the CPU 
receives an Overrun Interrupt signal. 


LOW (disabled) 
The CPU receives no Overrun Interrupt signal from the CAN 
Controller. 


CR.5 
RA 
Reference ActiveZ 
HIGH (output) 
The pin REF is an AVoolz reference output. 


LOW (input) 
A reference voltage may be input. 


CR.6 
S 
SynchZ 
HIGH (2 edges) 
Bus-line transitions from recessive-to-dominant 
and vice versa are 


used for resynchronization. 


LOW (1 edge) 
Only transitions from recessive-to-dominant 
are used for 


resynchronization. 


CR.7 
- 
RESERVED 


NOTES: 
1. During an external reset (RST = HIGH) or when the Bus Status bit is set HIGH (Bus-Off), the IML forces the Reset Request HIGH (present). 


During an external reset the CPU cannot set the Reset Request bit LOW (absent). Therefore, after having set the Reset Request bit LOW 
(absent), the CPU must check this bit to ensure that the external reset pin is not being held HIGH (present). After the Reset Request bit is 
set LOW (absent) the CAN controller will wait for: 
- one occurrence of the Bus-Free signal (11 recessive bits), if the preceding reset (Reset Request = HIGH) has been caused by an external 
reset or a CPU initiated reset. 


- 
128 occurrences of Bus-Free, if the preceding reset (Reset Request = HIGH) has been caused by a CAN Controller initiated Bus-Off, 
before re-entering the Bus-On mode. 
- When Reset Request is set HIGH (present), for whatever reason, the control, command, status and interrupt bits are affected, see Table 3. 
Only, when Reset Request is set HIGH (present) the registers at addresses 4 to 8 are accessible. 
2. A modification of the bits Reference Active and Synch is only possible with Reset Request = HIGH (present). It is allowed to set these bits 
while Reset Request is changed from HIGH to LOW. After an external reset (pin RST = HIGH) the Reference Active bit is set HIGH (output), 
the Synch bit is undefined. 
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TYPE 
BIT 
EFFECT 


Control 
Reference Active 
HIGH (output), only after an external reset 
, 


Command 
RXO Active / RX1 Active 
HIGH (RXO=CRXO,RX1=CRX1), only after an external reset 


Sleep 
LOW (wake-up) 
Clear Overrun Status 
HIGH (clear) 
Release Receive Buffer 
HIGH (released) 
Abort Transmission 
LOW (absent) 
Transmission Request 
LOW (absent) 


Status 
Bus Status 
LOW (Bus-On), only after an external reset 


Error Status 
LOW (no error), only after an external reset 


Transmit Status 
LOW (idle) 


Receive Status 
LOW (idle) 
Transmission Complete Status 
HIGH (complete) 


Transmit Buffer Access 
HIGH (released) 


Data Overrun 
LOW (absent) 


Receive Buffer Status 
LOW (empty) 
, 


Interrupt 
Overrun Interrupt 
LOW (reset) 


Transmit Interrupt 
LOW (reset) 


Receive Interrupt 
LOW (reset) 


Command 
Register 
(CMR) 
A command bit initiates an action within the 
transfer layer of the CAN controller. the 
Command Register appears to the CPU as a 
read/write memory, except of the bits CMR.O 
to CMR.3, which return HIGH if being read. 
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CMR 
ADDRESS 1 


BIT 
SYMBOL 
NAME 
VALUE 
FUNCTION 


CMR.O 
TR 
Transmission Request1 
HIGH (present) 
A message shall be transmitted. 


LOW (absent) 
No action. 


CMR.1 
AT 
Abort Transmission2 
HIGH (present) 
If not already in progress, a pending Transmission Request is 
cancelled. 


LOW (absent) 
No action. 


CMR.2 
RRB 
Release Receive Buffer3 
HIGH (released) 
The Receive Buffer attached to the CPU is released. 


LOW (no action) 
No action. 


CMR.3 
COS 
Clear Overrun4 
HIGH (clear) 
The Data Overrun status bit is set to LOW (see Status Register). 


LOW (no action) 
No action. 


CMRA 
SLP 
SleepS 
HIGH (sleep) 
The CAN Controller enters sleep mode if no CAN interrupt is 
pending and there is no bus activity. 


LOW (wake up) 
The CAN Controller functions normally. 


CMR.5 
WUM 
Wake-Up Modes 
HIGH (single ended) 
The difference of the RX signals to the internal reference voltage 
AVDD/2 is used for wake up. 


LOW (differential) 
The differential signal between RXOand RX1 is used for wake up. 


CMR.6 
RX1A 
RX1 Active7 
RXO 
RX1 
See Figure 2. 
Active 
Active 


CMR.7 
RXOA 
RXOActive7 
1 
1 
RXO; CRXO, RX1 ; CRX1 
1 
0 
RXO':' CRXO, RX1 ; AVDD/2 


0 
1 
RXO; 
AVDD/2' RX1 ; CRX1 
0 
0 
No action. 


NOTES: 
1. If the Transmission Request bit was set HIGH in a previous command, it cannot be cancelled by setting the Transmission Request bit LOW 


(absent). Cancellation of the requested transmission may be performed by setting the Abort Transmission bit HIGH (present). 
2. The Abort Transmission bit is used when the CPU requires the suspension of the previously requested transmission, e.g., to transmit an 


urgent message. A transmission already in progress is not stopped. In order to see if the original message had been either transmitted 
successfully or aborted, the Transmission Complete Status bit should be checked. this should be done after the Transmit Buffer Access bit 
has been set HIGH (released) or a Transmit Interrupt has been generated (see Interrupt Register). 


3. After reading the contents of the Receive Buffer (RBFO or RBF1) the CPU must release this buffer by setting Release Receive Buffer bit 


HIGH (released). This may result in another message becoming immediately available. 
4. This command bit is used to acknowledge the Data Overrun condition signaled by the Data Overrun status bit. It may be given or set at the 


same time as a Release Receive Buffer command bit. 


5. The CAN Controller will enter sleep mode, if the Sleep bit is set HIGH (sleep), there is no bus activity and no interrupt is pending. A CAN 
Controller will wake up after the Sleep bit is set LOW (wake up) or when there is bus activity. On wake up, a Wake-Up Interrupt (see Interrupt 
Register) is generated (see "Power Reduction Modes"). A CAN Controller which is sleeping and then awoken by bus activity will not be able 
to receive this message until it detects a Bus-Free signal. The Sleep bit, if being read, reflects the status of the CAN Controller. 
6. The Wake-Up Mode bit should be set at the same time as the Sieep bit. The differential wake up mode is useful if both bus wires are fully 
functioning; it minimizes the probability of wake ups due to noise. The single ended wake up mode is recommended if a wake up must be 
possibie even if one bus wire is already or may become disturbed (See Figure 2). 


7. The RXO/RX1 Active bits, if being read, reflect the status of the respective switches (See Figure 2). It is recommended to change the 
switches only during the reset state (Reset Request is HIGH). 


Single-chip 8-bit microcontroller 
with CAN controller 


Status Register (SR) 
The contents 01the Status Register rellects 
the status 01the CAN Controller. The Status 
Register appears to the CPU as a read only 
memory. 


SR 
ADDRESS 2 


BIT 
SYMBOL 
NAME 
VALUE 
FUNCTION 


SR.O 
RBS 
Receive Buffer Status 1 
HIGH (lull) 
This bit is set when a new message is available. 


LOW (empty) 
No message has become available since the last Release Receive 
Buffer command bit was set. 


SR.1 
DO 
Data Overrun2 
HIGH (overrun) 
This bit is set HIGH (overrun) when both Receive Buffers are full and 
the lirst byte of another message should be stored. 


LOW (absent) 
No data overrun has occurred since the Clear Overrun command 
was given. 


SR.2 
TBS 
Transmit Buffer Access3 
HIGH (released) 
The CPU may write a message into the TBF. 


LOW (locked) 
The CPU cannot access the Transmit Buffer. A message is either 
waiting for transmission or is in the process of being transmitted. 


SR.3 
TCS 
Transmit Complete 
HIGH (complete) 
Last requested transmission has been successfully completed. 


Status3 


LOW (incomplete) 
Previously requested transmission is not yet completed. 


SR.4 
RS 
Receive Status4 
HIGH (receive) 
The CAN Controller is receiving a message. 


LOW (idle) 
No message is received. 


SR.5 
TS 
Transmit Status4 
HIGH (transmit) 
The CAN Controller is transmitting a message. 


LOW (idle) 
No message is transmitted. 


SR.S 
ES 
Error Status 
HIGH (error) 
At least one of the Error Counters has reached the CPU Warning 
limit. 


LOW (ok) 
Both Error Counters have not reached the waming limit. 


SR.7 
BS 
Bus StatusS 
HIGH (Bus-Off) 
The CAN Controller is not involved in bus activities. 


LOW (Bus-On) 
The CAN Controller is involved in bus activities. 


NOTES: 
1. II the command bit Release Receive Buffer is set HIGH (released) by the CPU, the Receive Buffer Status bit is set LOW (empty) by IML. 


When a new message is stored in any of the receive buffers, the Receive Buffer Status bit is set HIGH (full) again. 
2. 
If Data Overrun = HIGH (overrun) is detected, the currently received message is dropped. A transmitted message, granted acceptance, is 
also stored in a Receive Buffer. This occurs because it is not known if the CAN Controller will lose arbitration and so become a receiver of 
the message. If no Receive Buffer is available, Data Overrun is signaled. However, this transmitted and accepted message does neither 
cause a Receive Interrupt nor set the Receive Buffer Status bit to HIGH (full). Also, a Data Overrun does not cause the transmission of an 
Overload Frame. 
3. 
If the CPU tries to write to the Transmit Buffer when the Transmit Buffer Access bit is LOW (locked), the written bytes will not be accepted 
and will be lost without this being signaled. The Transmission Complete Status bit is set LOW (incomplete) whenever the Transmission 
Request bit is set HIGH (present). If an Abort Transmission command is issued, the Transmit Buffer will be released. II the message, which 
was requested and then aborted, was not transmitted, the Transmission Complete Status bit will remain LOW. 


4. 
If both the Receive Status and Transmit Status bits are LOW (idle) the CAN-bus is idle. 
5. When the Bus Status bit is set HIGH (Bus-Off), the CAN Controller will set the Reset Request bit HIGH (present). It will stay in this state until 
the CPU sets the Reset Request bit LOW (absent). Once this is completed, the CAN Controller will wait the minimum protocol-defined time 
(128 occurrences 01the Bus-Free signal) belore setting the Bus Status bit LOW (Bus-On), the Error Status bit LOW (ok), and resetting the 
Error Counters. 
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with CAN controller 


Interrupt 
Register 
<tR) 
The Interrupt Register allows the 
identification of an interrupt source. When 
one or more bits of this register are set, a 
CAN interrupt (SI01) will be indicated to the 
CPU. All bits are reset by the CAN Controller 
after this register is read by the CPU. This 
register appears to the CPU as a read only 
memory. 


IR 
ADDRESS 3 


." 
,- 


BIT 
SYMBOL 
NAME 
VALUE 
FUNCTION 


IR.O 
RI 
Receive Interrupt1 
HIGH (set) 
This bit is set when a new message is available in the Receive 
Buffer and the Receive Interrupt Enable bit is HIGH (enabled). 


~ 
LOW (reset) 
Receive Interrupt bit is automatically reset by a read access of 
Interrupt Register by the CPU. 


1R.1 
TI 
Transmit Interrupt 
HIGH (set) 
This bit is set on a change of the Transmit Buffer Access from LOW 
to HIGH (released) and Transmit Interrupt Enable is HIGH (enabled). 


LOW (reset) 
Transmit Interrupt bit will be reset after a read access of the Interrupt 
Register by the CPU. 


IR.2 
EI 
Error Interrupt 
HIGH (set) 
This bit is set on a change of either the Error Status or Bus Status 
bits (see Status Register) if the Error Interrupt Enable is HIGH 
(enabled). 


LOW (reset) 
The Error Interrupt bit is reset by a read access of the Interrupt 
Register by the CPU. 


IR.3 
01 
Overrun Interrupt2 
HIGH (set) 
This bit is set HIGH, if both Receive Buffers contain a message and 
the first byte ot another message should be stored (passed 
acceptance), and the Overrun Interrupt Enable is HIGH (enabled). 


LOW (reset) 
Overrun Interrupt bit is reset by a read access of the Interrupt 
register by the CPU. 


IR.4 
WUI 
Wake-Up Interrupt 
HIGH (set) 
The Wake-Up Interrupt bit is set HIGH when the sleep mode is left 
(see Command Register). 


LOW (reset) 
Wake-Up Interrupt bit is reset by a read access of the Interrupt 
Register by the CPU. 


IR.S 
- 
RESERVED 


1R.6 
- 
RESERVED 


" 


1R.7 
- 
RESERVED 


NOTES: 
1. Receive Interrupt bit (if enabled) and Receive Buffer Status bit (see Status Register) are set at the same time. 
2. Overrun Interrupt bit (if enabled) and Data Overrun bit (see Command Register) are set at the same time. 
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Acceptance Code Register (ACR) 
The Acceptance Code Register is part of the 
acceptance filter of the CAN Controller. This 
register can be accessed (readlwrite), if the 
Reset Request bit is set HIGH (present). 
When a message is received which passes 
the acceptance test and if there is an empty 
Receive Buffer, then the respective 
Descriptor and Data Field (see Figure 1) are 
sequentially stored in this empty buffer. In the 
case that there is no empty Receive buffer, 
the Data Overrun bit is set HIGH (overrun), 
see Status and Interrupt Register. When the 
complete message has been correctly 
received, the following occurs: 


• The Receive Buffer Status bit is set HIGH 


(fUll) 


• If the Receive Interrupt Enable bit is set 


HIGH (enabled), the receive Interrupt is set 
HIGH (set). 


The Acceptance Code bits (AC.7-AC.0) and 
the eight most significant bits of the 
message's Identifier (10.10-10.3) must be 
equal to those bit positions which are marked 
relevant by the Acceptance Mask bits 
(AM.7-AM.0). 
If the following equation is 
satisfied, acceptance is given: 


[(10.10 .. 10.3) EQUAL (AC.7 .. AC.O)Jor 
(AM.7 .. AM.O) = 11111111b 


During transmission of a message which 
passes the acceptance test, the message is 
also written to its own Receive Buffer. If no 
Receive Buffer is available, Data Overrun is 
signaled because it is not known at the start 
of a message whether the CAN Controller will 
lose arbitration and so become a receiver of 
the message. 


Acceptance Mask Register (AMR) 
The Acceptance Mask Register is part of the 
acceptance filter of the CAN Controller. This 
register can be accessed (read/write) if the 
Reset Request bit is set HIGH (present). The 


Acceptance Mask Register qualifies which of 
the corresponding bits of the acceptance 
code are "relevant" or "don't care" for 
acceptance filtering. 


Description 
of the Acceptance 
Mask 
Register Bits 


ACCEPTANCE 
VALUE 
COMMENTS 
MASK 
BIT 


AM.7to 
AM.O 
HIGH 
This bit position 
is 
(don't care) 
-don'l 
care" for the 
acceptance 
of a 
message 
. 


lOW 
This bit position 
is 
(relevant) 
·relevanr 
for 


acceptance 
fittering. 


Bus Timing Register 0 (BTR 0) 
The contents of Bus Timing Register 0 
defines the values of the Baud Rate 
Prescaler (BRP) and the Synchronization 
Jump Width (SJW). This register can be 
accessed (read/write) if the Reset Request 
bit is set HIGH (present). 


Baud Rate Prescaler (BRP) 
The period of the system clock tSCl is 
programmable and determines the individual 
bit timing. The system clock is calculated 
using the following equation: 


tSCl = 2tcLK (32BRP.5 + 16BRP.4 + 8BRP.3 + 
4BRP.2 + 2BRP.1 + BRP.O+1) 


!elK = time period of the 8XC592 oscillator. 


Synchronization 
Jump Width (SJW) 
To compensate for phase shifts between 
clock oscillators of different bus controllers, 
any bus controller must resynchronize on any 
relevant signal edge of the current 


transmission. The synchronization jump width 
defines the maximum number of clock cycles 
a bit period may be shortened or lengthened 
by one resynchronization: 


tSJw = tSCl (2SJW.1 + SJW.O + 1) 


Bus Timing Register 1 (BTR1) 
The contents of Bus Timing Register 1 
defines the length of the bit period, the 
location of the sample point and the number 
of samples to be taken at each sample point. 
This register can be accessed (read/write) if 
the Reset Request bit is set HIGH (present). 


BIT 
VALUE 
COMMENTS 


SAM 
HIGH 
3 samples 
are laken. 


(3 samples) 


lOW 
The bus is sampled 
once. 


(1 sample) 


SAM = LOW is recommended for high speed 
buses (SAE class C), while SAM = HIGH is 
recommended for slow/medium speed buses 
(class A and B) where filtering of spikes on 
the bus-line is beneficial (see "Bit Timing 
Restrictions") . 


Time Segment 1 (TSEG1) and 
Time Segment 2 (TSEG2) 
TSEG1 and TSEG2 determine the number of 
clock cycles per bit period and the location of 
the sample point 


tTSEG1= tSCl (8TSEG1.3 + 4TSEG1.2 + 


2TSEG.1 + TSEG1.0 + 1) 


tTSEG2= tSCl (4TSEG2.2 + 2TSEG2.1 + 


TSEG2.0 + 1) 


For further information on bus timing see Bus 
Timing Register 0 and "Bus Timing/ 
Synchronization". 
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Output Control 
Register 
(OCR) 


The Output Control Register allows, under 
software control, the set-up of different output 
driver configurations. This register can be 
accessed (readlwrite) if the Reset Request 
bit is set HIGH (present). 


If the CAN Controller is in the sleep mode 
(Sleep = HIGH) a recessive level is output on 
the CTXO and CTX1 pins. If the CAN 
Controller is in the reset state (Reset 
Request = HIGH) the output drivers are 
floating. 


Normal Output Mode 
In Normal Output Mode the bit sequence 
(TXD) is sent via CTXO and CTX1. The 


voltage levels on the output driver pins CTXO 
and CTX1 depend on both the driver 
characteristic programmed by OCTPx, 
OCTNx (float, pull-up, pull-down, push-pull) 
and the output polarity programmed by 
OCPOLx (see Figure 3). 


Clock Output Mode 
For the CTXO pin this is the same as in 
Normal Output Mode. However, the data 
stream to CTX 1 is replaced by the transmit 
clock (TXCLK). The rising edge of the 
transmit clock (non-inverted) marks the 
beginning of a bit period. The clock pulse 
width is tSCL' 


Bi-phase 
Output Mode 
In contrast to Normal Output Mode the bit 
representation is time variant and toggled. If 
the bus controllers are galvanically decoupled 
from the bus-line by a transformer, the bit 
stream is not allowed to contain a DC 
component. This is achieved by the following 


OCPOLO 


OCPOLl 


OCMQDEO 


OCMODE1 


TXD 
TXCLK 


OUTPUT 
CONTROL 
LOGIC 


scheme. During recessive bits all outputs are 
de-activated (floating). Dominant bits are sent 
altematinglyon 
CTXO and CTX1, I.e., the first 


dominant bit is sent on CTXO, the second is 
sent on CTX1, and the third one is sent on 
CTXO again, etc. 


Test Output Mode 
For the CTXO pin this is the same as in 
Normal Output Mode. To measure the delay 
time of the transmitter and receiver this mode 
connects the output of the input comparator 
(COMP OUT) with the input of the output 
driver CTX1. This mode is used for 
production testing only. 


The following two tables, Table 7 and Table 8, 
show the relationship between the bits of the 
Output Control Register and the two serial 
output pins CTXO and CTX 1 of the 8XC592 - 
CAN Controller, connected to the serial bus 
(see Block Diagram, page 855). 


OCMODE1 
OCMODEO 
DESCRIPTION 


1 
0 
Normal output Mode; CTXO, CTX1: bit sequence (TXD; note 1) 
1 
1 
Clock output Mode; CTXO: bit sequence, CTX1: bus clock (TXCLK) 


0 
0 
Bi-phase output Mode 
0 
1 
Test output Mode; CTXO: bit sequence, CTX1: COMP OUT 
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DRIVE 
OCTPx 
OCTNx 
OCPOLx 
TXD 
TPx 
TNx 
CTXx 


Float 
0 
0 
0 
0 
Off 
Off 
float 
0 
0 
0 
1 
Off 
Off 
float 
0 
0 
1 
0 
Off 
Off 
float 
0 
0 
1 
1 
Off 
Off 
float 


Pull-down 
0 
1 
0 
0 
Off 
On 
LOW 
0 
1 
0 
1 
Off 
Off 
float 
0 
1 
1 
0 
Off 
Off 
float 
0 
1 
1 
1 
Off 
On 
LOW 


Pull-up 
1 
0 
0 
0 
Off 
Off 
float 


1 
0 
0 
1 
On 
Off 
HIGH 


1 
0 
1 
0 
On 
Off 
HIGH 


1 
0 
1 
1 
Off 
Off 
float 


Push/Pull 
1 
1 
0 
0 
Off 
On 
LOW 


1 
1 
0 
1 
On 
Off 
HIGH 


1 
1 
1 
0 
On 
Off 
HIGH 
1 
1 
1 
1 
Off 
On 
LOW 


NOTES: 
1. TPx is the on-chip output transistor x. connected to VDD; x = 0 or 1. 
2. TNx is the on-chip output transistor x. connected to CVss; x = 0 or 1. 
3. CTXx is the serial output level on CTXO or CTX1. It is required that the output level on the CAN bus is dominant with TXD = 0 and recessive 
withTXD= 
1. 


TRANSMIT 
BUFFER 
LAYOUT 


The global layout of the Transmit Buffer is 
shown in Figure 1. This buffer serves to store 
a message from the CPU to be transmitted 
by the CAN Controller. It is subdivided into 
Descriptor and Data Field. the Transmit 
Buffer can be written to and read from by the 
CPU. 


DESCRIPTOR 


Identifier 
(10) 


The Identifier consists of 11 bits (10.10 to 
10.0) 10.10 is the most significant bit. which is 
transmitted first on the bus during the 
arbitration process. the Identifier acts as the 


message's name. used in a receiver for 
acceptance filtering. and also determines the 
bus access priority during the arbitration 
process. The lower the binary value of the 
Identifier. th9 higher the priority. this is due to 
the larger number of leading dominant bits 
during arbitration. 


Remote Transmission 
Request 
Bit (RTR) 


afT 
VALUE 
COMMENTS 


RTR 
HIGH 
Remote 
Frame 
will be 
(remote) 
transmitted by the CAN 
Controller. 


LOW 
Data 
Frame 
will be 
(data) 
transmitted 
by the CAN 


Controller. 


Data Length Code (DLC) 
The number of bytes (Data Byte Count) in the 
Data Field of a message is coded by the Data 
Length Code. at the start of a Remote Frame 
transmission. the Data Length Code is not 
considered due to the RTR bit being HIGH 
(remote). This forces the number of 


transmitted/received 
data bytes to be O. 


Nevertheless. the Data Length code must be 
specified correctly to avoid bus errors. if two 
CAN-controllers start a Remote Frame 
transmission simultaneously. 


The range of the Data Byte Count is 0 to B 
bytes and coded as follows: 


Data Byte Count = BDLC.3 + 4DLC.2 + 
2DLC.1 + DLC.O 


For reasons of compatibility. no Data Byte 
Counts other than 0.1.2 •... and B should be 
used. 


Data Field 
The number of transferred data bytes is 
determined by the Data Length Code. the first 
bit transmitted is the most significant bit of 
data byte 1 at address 12. 


RECEIVE 
BUFFER 
LAYOUT 


The layout of the Receive Buffer and the 
individual bytes correspond to the definitions 
given for the Transmit Buffer layout. except 
that the addresses start at 20 instead of 10 
(see Figure 1). 
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MSB 
LSB 


SFR 
ADR 
ACS 
7 
6 
5 
4 
3 
2 
1 
0 


CANADR 
DBh 
RW 
DMA 
reserved3 
Auto Inc 
CANA4 
CANA3 
CANA2 
CANAl 
CANAO 


CANDAT 
DAh 
RW 
CAND7 
CAND6 
CANDS 
CAND4 
CAND3 
CAND2 
CANDl 
CANDO 


CANCON' 
D9h 
R 
reserved3 
reserved3 
reserved3 
Wake Up 
Overrun 
Error 
Transmit 
Receive 


Interrupt 
Interrupt 
Interrupt 
Interrupt 
Interrupt 


W 
RXO 
RXl 
Wake Up 
Sleep 
Clear 
Release 
Abort 
Transm 
Active 
Active 
Mode 
Overrun 
RxBuf 
Transm 
Request 


CANSTA1,2 
D8h 
R 
Bus 
Error 
Transmit 
Receive 
TxComp1 
TxBuf 
Data 
RxBuf 
Status 
Status 
Status 
Status 
Status 
Access 
Overrun 
Status 


W 
RAMA7 
RAMA6 
RAMAS 
RAMA4 
RAMA3 
RAMA2 
RAMAl 
RAMAO 


NOTES: 
1. Do not use a RMW instruction. 
2. The bit addresses of CANSTA (7:0) are DFH , , D8H. 
3. 
Reserved bits are read as HIGH. 


HANDLING 
OF THE CPU-CAN 


INTERFACE 
Via the four special registers CANADR, 
CANDAT, CANCON and CANSTA, the CPU 
has access to the CAN Controller and also to 
the DAM-logic. Note that CANCON and 
CANSTA have different meanings for a read 
and write access. 


CANADR 
The five least significant bits CANADRA 
down to CANADR.O (CANA4 ... 
CANAO) 
define the address of one of the CAN 
Controller intemal registers to be accessed 
via CANDAT. For instance, after an external 
hardware (e.g., power-on) reset CANADR 
contains the value 64h, and hence the CPU 
accesses (read/write) the Acceptance Code 
register of the CAN Controller, via the Special 
Function Register CANDAT. CANADR also 
controls the auto address increment mode via 
bit CANADR.S (Autolnc) and the DMA-Iogic 
via bit CANADR.7 (DMA). CANADR is 
implemented as a read/write register. 


CANDAT 
The Special Function Register CANDAT 
appears as a port to the CAN Controller's 
internal register (memory location) being 
selected by CANADR. Reading or writing 
CANDAT is effectively an access to that CAN 
Controller intemal register, which is selected 
by CANADR. CANDAT is implemented as a 
read/write register. 


CANCON 
When reading CANCON the Interrupt 
Register of the CAN Controller is accessed, 
while writing to CANCON means an access 


to the Command Register. CANCON is 
implemented as a readlwrite register. 


CANSTA 
Reading CANSTA is an access to the Status 
Register of the CAN Controller. Writing to 
CANSTA sets the address of the on-chip 
Main RAM (internal data memory) for a 
subsequent DMA transfer. CANSTA is 
implemented as a bit-addressable read/write 
register. 


Auto 
Address 
Increment 


With the auto address increment mode a fast 
stack-like reading and writing of CAN 
Controller internal registers is provided. If the 
bit CANADR.S (Autolnc) is high, the content 
of CANADR is incremented automatically 
after any read or write access to CANDAT. 
For instance, loading a message into the 
Transmit Buffer can be done by writing 2AH 
into CANADR and then moving byte by byte 
of the message to CANDAT. 


Incrementing CANADR beyond xxllllllb 
resets the bit CANADR.S (Autolnc) 
automatically (CANADR = xxOOOOOOb)' 


High Speed 
DMA 


The DMA-Iogic allows to transfer a complete 
message (up to 10 bytes) between CAN 
Controller and Main RAM in 2 instruction 
cycles at maximum; up to 4 bytes are 
transferred in 1 instruction cycle. The 
performance of the CPU is strongly 
enhanced because this very fast transfer is 
don in the background. A DMA transfer is 
achieved by first writing the RAM address 
(0 .. FFH) into CANSTA and then setting the 
TX- or RX-Buffer address in CANADR and 


the bit CANADR.7 (DMA) simultaneously; the 
RAM address points to the location of the first 
byte to be transferred. Setting the DMA bit 
causes an automatic evaluation of the Data 
Length Code and then the transfer; for a 
TX-DMA transfer the Data Length Code is 
expected at the location "RAM address + 1". 


In order to program a TX-DMA transfer, the 
value 8AH (address 10) has to be written into 
CANADR. Then a complete message, 
consisting of the 2-byte Descriptor and the 
Data Field (0 ... 
8 bytes), starting at location 


"RAM address" is transferred to the 
TX-Buffer. 


The RX-DMA transfer is very versatile. By 
writing a value in the range of 94H (address 
20) up to 9DH (address 29) of CANADR the 
whole or a part of the received message, 
starting at the specified address, is 
transferred to the internal data memory. This 
allows e.g. to transfer the bytes of the Data 
Field only. 


After a successful DMA transfer the DMA- 
(and Auto Inc-) bit is reset. 


During a DMA transfer the CPU can process 
the next instruction. However, an access to 
the data memory, CANADR, CANDAT, 
CANCON or CANSTA is not allowed. After 
having set the DMA-bit, every interrupt is 
disabled until the end of the transfer. Note, 
that disadvantageous programming may lead 
to an interrupt response time of at most 10 
instruction cycles. The shortest interrupt 
response time is achieved by using a 2-cycle 
instructions directiy after setting the DMA-bit. 
During the reset state (bit Reset Request is 
HIGH) a DMA transfer is not possible. 
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1 CLOCK CYCLE 
SAMPLE POINT 


('seLl 
a) As implemented 
in the 8XC592's on-chip 
CAN Controlier. 


BUS TIMING I 
SYNCHRONIZATION 
The Bus TIming Logic (BTL) monitors the 
serial bus-line via the on-chip input 
comparator and pertorms the foliowing 
functions: 


• Monitors the serial bus-line level 


• Adjusts the sample point, within a bit period 


(programmable) 


• Samples the bus-line level using majority 


logic (programmable, 1 or 3 samples) 
• Synchronization to the bit stream: 


- 
Hard synchronization at the start of a 
message 
- 
Resynchronization during transfer of a 
message 


The configuration of the BTL is pertormed 
during the initialization of the CAN Controller. 
The BTL uses the fOllowing three registers: 


• Control register (Sync h) 


• Bus TIming Register 0 


• Bus TIming Register 1 


Bit Timing 
A bit period is built up from a number of 
system clock cycles (tseLl (see "Bus Timing 
Register 0"). One bit period is the result of the 
addition of the programmable segments 
TSEG 1 and TSEG2 and the general segment 
SYNCSEG. 


Synchronization 
Segment (SYNCSEG) 


The incoming edge of a bit is expected during 
this state; this state corresponds to one 


system clock cycle (1 x tseLl. 


Time Segment 1 (TSEG1) 
This segment determines the location of the 
sampling point within a bit period, which is at 
the end of TSEG1. TSEG1 is programmable 
from 1 to 16 system clock cycles. 


The correct location of the sample point is 
essential for the correct functioning of a 
transmission. The fOllowing points must be 
taken into consideration: 


• A Start-Of-Frame causes ail CAN 


Controllers to pertorm a "hard 
synchronization" on the first recessive-to- 
dominant edge. During arbitration, 
however, several CAN Controllers may 
simultaneously transmit. Therefore it may 
require twice the sum of bus-line, input 
comparator and the output driver delay 
times until the bus is stable. This is the 
propagation delay time. 


• To avoid sampling at an incorrect position, 
it is necessary to include an additional 
synchronization buffer on both sides of the 
sample point. The main reasons for 
incorrect sampling are: 
- 
Incorrect synchronization due to spikes 
on the bus-line; 


- 
Slight variations in the oscillator 
frequency of each CAN Controller in the 
network, which results in a phase error. 


• TIme Segment 1 consists of the segment 


for compensation of propagation delays 
and the synchronization buffer segment 
directly before the sample point (see 
Figure 4). 


Time Segment 2 (TSEG2) 
This time segment provides: 


• Additional time at the sample point for 
calculation of the subsequent bit levels 
(e.g., arbitration); 


• Synchronization buffer segment directly 


after the sample point. 


TSEG2 is programmable from 1 to 8 system 
clock cycles. 


Synchronization 
Jump Width (SJW) 


SJW defines the maximum number of clock 
cycles (tseLl a period may be reduced or 
increased by one resynchronization. SJW is 
programmable from 1 to 4 system clock 
cycles . 
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Propagation 
Delay Time (tpROP) 


The propagation delay time is calculated by 
summing the maximum propagation delay 
times of the physical bus, the input 
comparator and the output driver. The 
resulting sum is multiplied by 2 and then 
rounded up to the nearest multiple of tSCl' 


tpROP~ 2 X (physical bus delay 
+ input comparator delay 
+ output driver delay) 


Bit Timing Restrictions 
Restrictions on the configuration of the bit 
timing are based on internal processing. The 
restrictions are; 


• tTSEG2~ 2tSCl 


• tTSEG2~ tSJW 


• tTSEGl ~ tTSEG2 


• tTSEGl ~ tSJW+ tpROP 


The three sample mode (SAM ~ 1) has the 
effect of introducing a delay of one system 
clock cycle on the bus-line. This must be 
taken into account for the correct calculation 
ofTSEG1 
and TSEG2: 


• tTSEGl ~ tSJW+ tpROP+ 2tSCl 


• tTSEG2~ 3tSCl 


Synchronization 
Synchronization is performed by a state 
machine which compares the incoming edge 
with its actual bit timing and adapts the bit 
timing by hard synchronization or 
resynchronization. 


Hard Synchronization 
This type of synchronization occurs only at 
the beginning of a message. The CAN 


Controller synchronizes on the first incoming 
recessive-to-dominant 
edge of a message 


(being the leading edge of a message's 
Start-Of-Frame bit). 


Resynchronization 
Resynchronization occurs during the 
transmission of a message's bit stream to 
compensate for: 


• Variations in individual CAN Controller 
oscillator frequencies; 


• Changes introduced by switching from one 
transmitter to another (e.g., during 
arbitration). 


As a result of resynchronization, either 
tTSEGl may be increased by up to a 
maximum of tSJw, or tTSEG2may be 
decreased by up to a maximum of tSJw; 


• tTSEGl ;5;tSCl [(TSEG1 + 1) + (SJW + 1)] 


• tTSEG2~ tscd(TSEG2 
+ 1) - (SJW + 1)] 


NOTE: 
TSEG 1, TSEG2 and SJW are the 
programmed numerical values. 


The phase error (e) of an edge is given by 
the position of the edge relative to 
SYNCSEG, measured in system clock cycles 
(tscLl. The value of the phase error is defined 
as: 


• e ~ 0, if the edge occurs within SYNCSEG 


• e> 0, if the edge occurs within TSEG1 


• e < 0, if the edge occurs within TSEG2. 


The effect of resynchronization is; 


• The same as that of a hard 
synchronization, if the magnitude of the 


phase error (e) is less or equal to the 
programmed value of tSJw; 


• To increase a bit period by the amount of 


tSJW,if the phase error is positive and the 
magnitude of the phase error is larger than 
tSJw; 


• To decrease a bit period by the amount of 


tSJW,if the phase error is negative and the 
magnitude of the phase error is larger than 
tSJw, 


Synchronization 
Rules 


The synchronization rules are as follows; 


• Only one synchronization within one bit 
time used. 


• An edge is used for synchronization only if 


the value detected at the previous sample 
point differs from the bus value 
immediately after the edge. 


• Hard synchronization is performed 


whenever there is a recessive-to-dominant 
edge during Bus-Idle. 


• All other edges (recessive-to-dominant 
and 


optionally dominant-to-recessive 
edges if 


the Synch bit is set HIGH) which are 
candidates for resynchronization will be 
used with the following exception; 
- A transmitting CAN Controller will not 
perform a resynchronization as a result 
of a recessive-to-dominant 
edge with 


positive phase error, if only these edges 
are used for resynchronization. this 
ensures that the delay times of the 
output driver and input comparator do 
not cause a permanent increase in the 
bit time. 
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Frame Types 
The 8XC592's CAN Controller supports the 
four different CAN protocol frame types for 
communication: 


• Data Frame, to transfer data 


• Remote Frame, request for data 


• Error Frame, globally signals a (locally) 
detected error condition 


• Overload Frame, to extend delay time of 


subsequent frames (an Overload Frame is 
not initiated by the 8XC592 CAN Controller. 


Bit Representation 
There are two logical bit representations used 
in the CAN protocol: 


• A recessive bit on the bus-line appears 
only if all connected CAN Controllers send 
a recessive bit at that moment 
• Dominant bits always overwrite recessive 
bits, i.e., the re'sulting bit level on the 
bus-line is dominant. 


Data Frame 
A Data Frame carries data from a 
transmitting CAN Controller to one 'or more 
receiving ones. A Data Fram is composed of 
seven different bit-fields: 


• Start-Of-Frame 


• Arbitration Field 


• Control Field 


• Data Field (may have a length of zero) 


• CRC Field 


• Acknowledge Field 


• End-Of-Frame 


Start-aI-Frame 
Bit 


Signals the start of a Data Frame or Remote 
Frame. It consists of a single dominant bit 
used for hard synchronization of a CAN 
Controller in receive mode. 


Arbitration 
Field 


Consists of the message Identifier and the 
RTR bit. In the case of simultaneous 
message transmissions by two or more CAN 
Controllers the bus access conflict is solved 
by bit-wise arbitration, which is active during 
the transmission of the Arbitration Field. 


Identilier 
This 11-bit field is used to provide 
information about the message, as well as 
the bus access priority. It is transmitted in the 
order 10.10 to 10.0 (LSB). The situation that 
the seven most significant bits (10.10 to IDA) 
are all recessive must not occur. 


An Identifier does not define which particular 
CAN Controller will receive the frame 
because a CAN-based communication 
network does not differentiate between a 
point-to-point, multicast or broadcast 
communication. 


RTR Bit 
A CAN Controiler, acting as a receiver for 
certain information may initiate the 
transmission of the respective data by 
transmitting a Remote Frame to the network, 
addressing the data source via the Identifier 
and setting the RTR bit HIGH (remote; 
recessive bus level). If the data source 
simultaneously transmits a Data Frame 
containing the requested data, it uses the 
same Identifier. No bus access conflict 
occurs due to the RTR bit being set LOW 
(data; dominant bus levei) in the Data Frame. 


Control 
Field 
This field consists of six bits. It includes two 
reserved bits (for future expansions of the 
CAN protocol), transmitted with a dominant 
bus level, and is foilowed by the Data Length 
Code (4 bits). The number of bytes 
(destuffed; number of data bytes to be 
transmitted/received) 
in the Data Field is 


indicated by the Data Length Code. 
Admissible values of the Data Length Code, 
and hence the number of bytes in the 
(destuffed) Data Field, are (0,1, ..., 8). A logic 
o (logic 1) in the Data Length Code is 
transmitted as dominant (recessive) bus 
level, respectively. 


Data Field 
The data, stored within the Data Field of the 
transmit buffer, are transmitted according to 
the Data Length Code. Conversely, data of a 
received Data Frame will be stored in the 
Data Field of a Receive Buffer. The Data 
Field can contain from 0 up to 8 bytes. The 
most significant bit of the first data byte 
(lowest address) is transmitted/received 
first. 


Cyclic Redundancy 
Code Field (CRC) 


The CRC Field consists of the CRC 
Sequence (15 bits) and the CRC Delimiter (1 
recessive bit). The Cyclic Redundancy Code 
(CRC) encloses the destuffed bit stream of 
the Start-of-Frame, Arbitration Field, Control 
Field, Data Field and CRC Sequence. The 
most significant bit of the CRC Sequence is 
transmitted/received 
first. This frame check 
sequence, implemented in the CAN 
Controller is derived from a cyclic 
redundancy code best suited for frames with 
a total bit count of less than 127 bits, CRC 
Error detection. With Start-of-Frame 
(dominant bit) included in the code word, any 
rotation of the code word can be detected by 
the absence of the CRC Delimiter (recessive 
bit). 
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Acknowledge 
Field (ACK) 
The Acknowledge Field consists of two bits, 
the Acknowledge Slot and the Acknowledge 
Delimiter, which are transmitted with a 
recessive level by the transmitter of the Data 
Frame. All CAN Controllers having received 
the matching CRC Sequence, report this by 


overwriting 
the transmitter's 
recessive 
bit in 


the Acknowledge Slot with a dominant bit. 
Thereby a transmitter, still monitoring the bus 
level recognizes that at least one receiver 
within the network has received a complete 
and correct message (i.e., no error was 
found). The Acknowledge Delimiter 
(recessive bit) is the second bit of the 
Acknowledge Field. As a result, the 
Acknowledge Slot is surrounded by two 
recessive bits: the CRC Delimiter and the 
Acknowledge Delimiter. 


All nodes within a CAN network may use all 
the information coming to the network by all 
CAN Controllers (shared memory concept). 
Therefore, acknowledgement and error 
handling are defined to provide all information 
in a consistent way throughout this shared 
memory. Hence, there is no reason to 
discriminate different receivers of a message 
in the acknowledge field. If a node is 
disconnected from the network due to bus 
failure, this particular node is no longer part 
of the shared memory. To identify a "lost 
node" additional and application specific 
precautions are required. 


End-Ol-Frame 
Each Data Frame or Remote Frame is 
delimited by the End-of-Frame bit sequence 


which consists 
of seven recessive 
bits 
(exceeds the bit stuff width by two bits). 
Using this method a receiver detects the end 
of a frame independent of a previous 
transmission error because the receiver 
expects all bits up to the end of the CRC 
Sequence to be coded by the method of 
bit-stuffing. The bit-stuffing logic is 
deactivated during the End-of-Frame 


sequence. 


Remote 
Frame 
A CAN Controller acting as a receiver for 
certain information may initiate the 
transmission of the respective data by 
transmitting a Remote Frame to the network, 
addressing the data source via the Identifier 
and setting the RTR bit HIGH (remote; 
recessive bus level). The Remote Frame is 
similar to the Data Frame with the following 
exceptions: 


• RTR bit is set HIGH 


• Data Length Code is ignored 


• No Data Field contained 


Note that the value of the Data Length Code 
should be the one of the corresponding Data 
Frame, although it is ignored for a Remote 
Frame. 


A Remote Frame is composed of six different 
bit fields: 


• Start-of-Frame 


• Arbitration Field 


• Control Field 


• CRC Field 
• Acknowledge Field 


• End-of-Frame 


Error Frame 
The Error Frame consists of two different 
fields. The first field is accomplished by the 
superimposing of Error Flags contributed 
from different CAN Controllers. 


The second field is the Error Delimiter. 


Error Flag 
There are two forms of an Error Flag: 


• Active Error Flag, consists of six 
consecutive dominant bits 


• Passive Error Flag, consists of six 
consecutive recessive bits unless it is 
overwritten by dominant bits from other 
CAN Controllers. 


An error-active CAN Controller detecting an 
error condition signals this by transmission of 


an Active Error Flag. This Error Flag's form 
violates the bit-stuffing rule applied to all 
fields, from Start-of-Frame to CRC Delimiter, 
or destroys the lixed form of the fields 
Acknowledge Field or End-of-Frame. 
Consequently, all other CAN Controllers 
detect an error condition and start 
transmission of an Error Flag. Therefore the 
sequence of dominant bits, which can be 
monitored on the bus, results from a 
superposition of different Error Flags 
transmitted by individual CAN Controllers. 
The total length of this sequence varies 
between six (minimum) and twelve 
(maximum) bits. 


An error-passive CAN Controller detecting an 
error condition tries to signal this by 
transmission of a Passive Error Flag. The 
error-passive CAN Controller waits for six 
consecutive bits with identical polarity, 
beginning at the start of the Passive Error 
Flag. The Passive Error Flag is complete 
when these six identical bits have been 
detected. 


Error Delimiter 
The Error Delimiter consists of eight 
recessive bits and has the same format as 
the Overload Delimiter. After transmission of 
an Error Flag, each CAN Controller monitors 
the bus-line until it detects a transition from a 
dominant-to-recessive 
bit level. At this point 


in time, every CAN Controller has finished 
sending its Error Flag and has additionally 
sent the first out of the 8 recessive bits of the 
Error Delimiter. Afterwards all CAN 
Controllers transmit the remaining recessive 
bits. After this event and an Intermission Field 
all error-active CAN Controllers within the 
network can start a transmission 
simultaneously. 


If a detected error is signaled during 
transmission of a Data Frame or Remote 
Frame, the current message is spoiled and a 
retransmission of the message is initiated. 
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If a CAN Controller monitors any deviation of 
the Error Frame, a new Error Frame will be 
transmitted. Severai consecutive Error 
Frames may result in the CAN Controller 
becoming error-passive and leaving the 
network unblocked. 


In order to terminate an Error Flag correctly, 
an error-passive CAN Controller requires the 
bus to be Bus-Idle for at least three bit 
periods (if there is a local error at an 
error-passive-receiver). 
Therefore a CAN bus 


should not be permanently loaded. 


Overload 
Frame 
The Overload Frame consists of two fields, 
the Overload Flag and the Overload 
Delimiter. There are two conditions in the 
CAN protocol which lead to the transmission 
of an Overload Flag: 


• Condition 1; receiver circuitry requires 
more time to process the current data 
before receiving the next frame (receiver 
not ready) 


• Condition 2; detection of a dominant bit 
during Intermission Field. 


The transmission of an Overload Frame may 
only start: 


• Condition 1; during the first bit period of an 


expected Intermission Field 
• Condition 2; one bit period after detecting 
the dominant bit during Intermission Field 


The 8XC592's on chip CAN Controller will 
never initiate transmission of a condition 
1-0verload Frame and will only react on a 
transmitted condition 2 Overload Frame, 
according to the CAN protocol. No more than 
two Overload Frames are generated to delay 
a Data Frame or a Remote Frame. Although 
the overall from of the Overload Frame 
corresponds to that of the Error Frame, an 
Overload Frame does not initiate or require 
the retransmission of the preceding frame. 


Overload 
Flag 
The Overload Flag consists of six dominant 
bits and has a similar format to the Error 
Flag. 


The Overload Flag's form corrupts the fixed 
form of the Intermission Field. All other CAN 
Controllers detecting the overload condition 
also transmit an Overload Flag (condition 2). 


Overload Delimiter 
The Overload Delimiter consists of eight 
recessive bits and takes the same form as 
the Error Delimiter. After transmission of an 
Overload Flag, each CAN Controller monitors 
the bus-line until it detects a transition from a 
dominant-to-recessive 
bit level. At this point 


in time, every CAN Controller has finished 
sending its Overload Flag and all CAN 
Controllers start simultaneously transmitting 
seven more recessive bits. 


Inter-Frame 
Space 
Data Frames and Remote Frames are 
separated from preceding frames (all types) 
by an Inter-Frame Space, consisting of an 
Intermission Field and a Bus-Idle. 
Error-passive CAN Controllers also send a 
Suspend Transmission after transmission of 
a message. Overload Frames and Error 
Frames are not preceded by an Inter-Frame 
Space. 


Intermission 
Field 


The Intermission Field consists of three 
recessive bits. During an Intermission period, 
no frame transmissions will be started by the 
8XC592's on chip CAN Controller. An 
Intermission is required to have a fixed time 
period to allow a CAN Controller to execute 
internal processes prior to the next receive or 
transmit task. 


Bus-Idle 
The Bus-Idle time may be of arbitrary length 
(minimum 0 bit). The bus is recognized to be 
free and a CAN Controller having information 
to transmit may access the bus. The 
detection of a dominant bit level during 
Bus-Idle on the bus is interpreted as the 
Start-of-Frame. 


Bus Organization 
Bus organization is based on five basic rules 
described in the following paragraphs. 


Bus Access 
CAN Controllers only start transmission 
during the Bus-idle state. All CAN Controllers 
synchronize on the leading edge of the 
Start-of-Frame (hard synChronization). 


Arbitration 
If two or more CAN Controllers 
simultaneously start transmitting, the bus 
access conflict is solved by a bit-wise 
arbitration process during transmission of the 
Arbitration Field. 


During arbitration every transmitting CAN 
Controller compares its transmitted bit level 
with the monitored bus level. Any CAN 
Controller which transmits a recessive bit and 
monitors a dominant bus level immediately 
becomes the receiver of the higher-priority 
message on the bus without corrupting any 
information on the bus. Each message 
contains an unique Identifier and a RTR bit 
describing the type of data within the 
message. The Identifier together with the 
RTR bit implicitly define the message's bus 
access priority. During arbitration the most 
significant bit of the Identifier is transmitted 
first and the RTR bit last. The message with 
the lowest binary value of the Identifier and 


RTR bit has the highest priority. A Data 
Frame has higher priority than a Remote 
Frame due to its RTR bit having a dominant 
ievel. 


For every Data Frame there is an unique 
transmitter. For reasons of compatibility with 
other CAN-bus controllers, use of the 
Identifier bit pattern ID = 1111111XXXXb (X 
being bits of arbitrary level) is forbidden. 


The number of available different Identifiers is 
2032 (211 - 24). 


Coding I Decoding 
The following bit fields are coded using the 
bit-stuffing technique: 


• Start-of-Frame 


• Arbitration Fieid 


• Control Fieid 


• Data Field 
• CRC Sequence 


When a transmitting CAN Controller detects 
five consecutive bits of identical polarity to be 
transmitted, a complementary (stuff) bit is 
inserted into the transmitted bit-stream. 


When a receiving CAN Controller has 
monitored five consecutive bits with identical 
polarity in the received bit streams of the 
above described bit fields, it automatically 
deletes the next received (stuff) bit. The level 
of the deleted stuff bit has to be the 
complement of the previous bits; otherwise a 
Stuff Error will be detected and signaled. 


The remaining bit fields or frames are of fixed 
form and are not coded or decoded by the 
method of bit-stuffing. 


The bit-stream in a message is coded 
according to the Non-Return-to-Zero 
(NRZ) 


method, i.e., during a bit period, the bit level 
is held constant, either recessive or 
dominant. 


Error Signaling 
A CAN Controller which detects an error 
condition, transmits an Error Flag. Whenever 
a Bit Error, Stuff Error, Form Error or an 
Acknowledgement 
Error is detected, 


transmission of an Error Flag is started at the 
next bit. Whenever a CRC Error is detected, 
transmission of an Error Flag starts at the bit 
following the Acknowledge Delimiter, unless 
an Error Flag for another error condition has 
already started. An Error Flag violates the 
bit-stuffing or corrupts the fixed form bit fields. 
A violation of the bit-stuffing law affects any 
CAN Controller which detects the error 
condition. These devices will also transmit an 
Error Flag. 
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An error-passive CAN Controller which 
detects an error condition, transmits a 
Passive Error Flag. A Passive Error Flag is 
not able to interrupt a current message at 
different CAN Controllers but this type of 
Error Flag may be ignored (overwritten) by 
other CAN Controllers. After having detected 
an error condition, an error-passive CAN 
Controller will wait for six consecutive bits 
with identical polarity and when monitoring 
them, interpret them as an Error Flag. 


After transmission of an Error Flag, each 
CAN Controller monitors the bus-line until it 
detects a transition from a 
dominant-to-recessive 
bit level. At this point 


in time, every CAN Controller has finished 
transmitting its Error Flag and all CI\N 
Controllers start transmitting seven additional 
recessive bits. 


The message format of a Data Frame or 
Remote Frame is defined in such a way that 
all detectable errors can be signaled within 
the message transmission time and therefore 
it is very simple for the CAN Controllers to 
associate an Error Frame to the 
corresponding message and to initiate 
retransmission of the corruptf,d message. 


If a CAN Controller monitors any deviation of 
the fixed form of an Error Frame, it transmits 
a new Error Frame. 


Overload Signaling 
Some CAN Controllers (but not the one 
on-chip of the 8XC592) require to delay the 
transmission of the next Data Frame or 
Remote Frame by transmitting one or more 
Overload Frames. The transmission of an 
Overload Frame must start during the first bit 
of an expected Intermission Fieid. 
Transmission of Overload Frames which are 
reactions on a dominant bit during an 
expected Intermission Field, start one bit after 
this event. 


Though the format of Overload Frame and 
Error Frame are identical, they are treated 
differently. Transmission of an Overload 
Frame during Intermission Field does not 
initiate the retransmission of any previous 
Data Frame or Remote Frame. 


If a CAN Controller which transmitted an 
Overload Frame monitors any deviation of its 
fixed form, it transmits an Error Frame. 


Error Detection 
The processes described in the following 
paragraphs are implemented in the 8XC592's 
on-chip CAN Controller for error detection. 


Bit Error 
A transmitting CAN Controller monitors the 
bus on a bit-by-bit basis. If the bit level 


monitored is different from the transmitted 
one, a Bit Error is signaled. The exceptions 
being: 


• During the Arbitration Field, a recessive bit 


can be overwritten by a dominant bit. In 
this case, the CAN Controller interprets this 
as a loss of arbitration. 


• During the Acknowledge Slot, only the 
receiving CAN Controllers are able to 
recognize a Bit Error. 


Stuff Error 
The following bit fields are coded using the 
bit-stuffing technique: 


• Start-of-Frame 


• Arbitration Field 


• Control Field 


• Data Field 


• CRC Sequence 


There are two possible ways of generating a 
Stuff Error: 


• A disturbance generates more than the 


allowed five consecutive bits with identical 
polarity. These errors are detected by all 
CAN Controllers. 


• A disturbance falsifies one or more of the 
five bits preceding the stuff bit. This error 
situation is not recognized as a Stuff Error 
by the receivers. Therefore, other error 
detection processes may detect this error 
condition such as: CRC check, format 
violation at the receiving CAN Controllers 
or Bit Error detection by the transmitting 
CAN Controller. 


CRC Error 
To ensure the validity of a transmitted 
message all receivers perform a CRC check. 
Therefore, in addition to the (destuffed) 
information digits (Start-of-Frame up to Data 
Field), every message includes some control 
digits (CRC Sequence; generated by the 
transmitting CAN Controller of the respective 
message) used for error detection. 


The code used by all CAN Controllers is a 
(shortened) BCH code, extended by a parity 
check and has the following attributes: 


• 127 bits as maximum length of the code 


• 112 bits as maximum number of 
information digits (maximum 83 bits are 
used by the CAN Controller) 


• Length of the CRC Sequence amounts to 
15 bits 


• Hamming distance d=6. 


As a result, (d-1) random errors are 
detectable (some exceptions exist). 


The CRC Sequence is determined 
(calculated) by the following procedure. 


1. The destuffed bit stream consisting of 
Start-of-Frame up to the Data Field (if 
present) is interpreted as polynomial with 
coefficients 0 or 1. 


2. This polynomial is divided (modulo-2) 
by 
the following generator polynomial, which 
includes a parity check: 


f(X) = (X14 + X9 + X8 + X6 + X5 + X4 + X2 
+ X + 1) (X + 1) = 1100010110011001b. 


3. The remainder of this polynomial division 


is the CRC sequence. 


Burst errors are detected up to a length of 15 
[degree of f(X)]. Multiple errors (number of 
disturbed bits at least d=6) are not detected 
with a residual error probability of 
2-15 (=3.10-5) by CRC check only. 


Form Error 
Form Errors result from violations of the fixed 
form of the following bit fields: 


• CRC Delimiter 
• Acknowledge Delimiter 


• End-of-Frame 
• Error Delimiter 


• Overload Delimiter 


During the transmission of these bit fields an 
error condition is recognized if a dominant bit 
level instead of a recessive one is detected. 


Acknowledgement 
Error 


This is detected by a transmitter whenever it 
does not monitor a dominant bit during the 
Acknowledge Slot. 


Error Detection 
by an Error Flag of 


another 
CAN Controller 


The detection of an error is signaled by 
transmitting an Error Flag. An Active Error 
Flag causes a Stuff Error, a Bit Error or a 
Form Error at all other CAN Controllers. 


Error Detection 
Capabilities 


Errors which occur at all CAN Controllers 
(global errors) are 100% detected. For local 
errors, i.e., for errors occurring at some CAN 
Controllers only, the shortened BCH code, 
extended by a parity check, has the following 
error detection capabilities: 


• Up to five single Bit Errors are 100% 


detected, even if they are distributed 
randomly within the code 


• All single Bit Errors are detected if their 


total number (within the code) is odd 


• The residual error probability of the CRC 


check amounts to 3·10-5. 


Single-chip 8-bit microcontroller 
with CAN controller 


Error Confinement 
(definitions) 


Bus-Off 
A CAN Controller which has too many 
unsuccessful transmissions, relative to the 
number of successful transmissions, will 
enler the Bus-Off state. It remains in this 
state, neither receiving nor transmitting 
messages until the Reset Request bit is set 
LOW (absent) and both Error Counters set 
toO. 


Acknowledge 
lACK) 
A CAN Controller which has received a valid 
message correctly, indicates this to the 
transmitter by transmitting a dominant bit 
level on the bus during the Acknowledge Slot, 
independent of accepting or rejecting the 
message. 


Error-Active 
An error-active 
CAN Controller in its normal 


operating state is able to receive and to 
transmit normally and also to transmit an 
Active Error Flag. 


Error-Passive 
An error-passive 
CAN Controller may 
transmit or receive messages normally. In the 
case of a detected error condition it transmits 
a Passive Error Flag instead of an Active 
Error Flag. 


Hence the influence on bus activities by an 
error-active CAN Controller (e.g., due to a 
malfunction) is reduced. 


Suspend Transmission 
After an error-passive CAN Controller has 
transmitted a message, it sends eight 
recessive bits after the Intermission Field and 
then checks for Bus-Idle. If during Suspend 
Transmission another CAN Controller starts 
transmitting a message the suspended CAN 


Controller will become the receiver of this 
message; otherwise being in Bus-Idle it may 
start to transmit a further message. 


Start-Up 
A CAN Controller which either was switched 
off or is in the Bus-Off state, must run a 
Start-Up routine in order to: 


• Synchronize with other available CAN 


Controllers before starling to transmit. 
Synchronization is achieved, when 11 
recessive bits, equivalent to Acknowledge 
Delimiter, End-of-Frame and Intermission 
Field, have been detected (Bus-Free). 


• Wait for other CAN Controllers without 
passing into the Bus-Off state (due to a 
missing acknowledge), if there is no other 
CAN Controller currently available. 


Distinction 
of Short and Long Lasting 
Disturbances 
The CPU must be informed when there are 
long-lasting disturbances and when bus 
activities have returned to normal operation. 


During long-lasting disturbances, a CAN 
Controller enters the Bus-Off state and the 
CPU may use default values. 


Minor disturbances of bus activities will not 
affect a CAN Controller. In particular, a CAN 
Controller does not enter the Bus-Off state or 
inform the CPU of a short-lasting bus 
disturbance. 


Detection 
and Localization 
of Hardware 
Disturbance 
and Defects 
The rules for error confinement are defined 
by the CAN protocol specification (and 
implemented in the 8XC592's on-chip CAN 
Controller), in such a way that the CAN 
Controller, being nearest to the error-locus, 


reacts with a high probability the quickest 
(I.e., becomes error-passive or Bus-Off). 
Hence errors can be localized and their 
influence on normal bus activities is 
minimized. 


Error Confinement 
All CAN Controllers contain a Transmit Error 
Counter and a Receive Error Counter, which 
registers errors during the transmission and 
the reception of messages, respectively. 


If a message is transmitted or received 
correctly, the count is decreased. In the event 
of an error, the count is increased. The Error 
Counters have an non-proportional method of 
counting: an error causes a larger counter 
increase than a correctly transmitted/received 
message causes the count to decrease. Over 
a period of time this may resuit in an increase 
in error counts, even if there are fewer 
corrupted messages than uncorrupted ones. 
The level of the Error Counters reflect the 
relative frequency of disturbances. The ratio 
of increase/decrease depends on the 
acceptable ra~ionof invalid/valid messages 
on the bus and is hardware implemented to 
eight. 


If one of the Error Counters exceeds the 
Warning Limit of 96 error points, indicating a 
significant accumulation of error conditions, 
this is signaled by the CAN Controller (Error 
Status, Error Interrupt). 


A CAN Controller operates in the error-active 
mode until it exceeds 127 error points on one 
of its Error Counters. At this point it will enter 
the error-passive state. 


A transmit error which exceeds 255 error 
points results in the CAN Controller entering 
the Bus-Off state. 
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INTERRUPT 
SYSTEM 
External events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronously to the execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution a multiple-source, 
two-priority-Ievel, nested interrupt system is 
provided. Interrupt response latency is from 
2.25j.ls to ?5j.ls when using a 16MHz crystal. 
The latency time depends on the sequence of 
instructions executed directly after an 
interrupt request. During a CAN-DMA 
transfer the interrupt system is disabled. The 
8XC592 acknowledges interrupt requests 
from fifteen sources as follows: 
• JNT(j and 1JIITf: externally via pins 2? and 


28 respectively 


• Timer a and Timer 1: from the two internal 


counters 


• Timer T2 (8 separate interrupts): 4 capture 
interrupts, 3 compare interrupts and an 
overflow interrupt 


• ADC end-of-conversion interrupt 


• CAN Controller interrupt 


• UART serial I/O port interrupt. 


Interrupt 
Enable Registers 


lEND (A8H) 


76543210 


I 
EA I EAD I ES' 
I ESO I En I EX' I ETO I EXO I 


Function 
General enable/disable 
control 
a = No interrupt is 


enabled 


1 = Any individually 


enabled interrupt will 
be accepted 
Enable ADC interrupt 
Enable 5101 (CAN) interrupt 
Enable 5100 (UART) 
interrupt 
Enable Timer 1 interrupt 
Enable External 1 interrupt 
Enable Timer a interrupt 
Enable External a interrupt 


IENO.6 
EAD 
IENO.5 
ES1 
IENO.4 
ESO 


IENO.3 
ET1 


IENO.2 
EX1 
IENO.1 
ETa 


IENO.O 
EXO 


IEN1 (E8H) 


76543210 


I ETZ I ECMZ! ECM'I 
ECMOI ECTal 
ECTZI ECT'I 
ECTOI 


Bit 
Symbol 
Function 
IEN1.? 
ET2 
Enable T2 overflow 
interrupt(s) 
IEN1.6 
ECM2 
Enable T2 comparator 2 
interrupt 
IEN1.5 
ECM1 
Enable T2 comparator 1 
interrupt 
IEN1.4 
ECMO Enable T2 comparator a 
interrupt 
IEN1.3 
ECT3 
Enable T2 capture register 3 
interrupt 
IEN1.2 
ECT2 
Enable T2 capture register 2 
interrupt 
IEN1.1 
ECT1 
Enable T2 capture register 1 
interrupt 
IEN1.0 
ECTO 
Enable T2 capture register a 
interrupt 


Where: a = interrupt disabled. 
1 = interrupt enabled. 


IPD (e8H) 


76543210 


I 
- I PAD I PSl 
I PSO I PT' 
I px, 
I PTO I PXO I 


Bit 
IPO.? 
IPO.6 
IPO.5 


Function 
Unused 
ADC interrupt priority level 
5101 (CAN) interrupt priority 
level 
5100 (UART) interrupt 
priority level 
Timer 1 interrupt priority 
level 
External interrupt 1 priority 
level 
Timer a interrupt priority 
level 
External interrupt a priority 
level 


Preliminary specification 


IPI 
(F8H) 


76543210 


I PTz 
I pCMzl pCM'1 
PCMol 
pcTaI 
PCTZ! 
pcnl 
PCTol 


Bit 
Symbol 
Function 
IP1.? 
PT2 
T2 overflow interrupt(s) 
priority level 


IP1.6 
PCM2 T2 comparator 2 priority 


interrupt level 


IP1.5 
PCM1 T2 comparator 1 priority 


interrupt level 


IP1.4 
PCMO T2 comparator a priority 
interrupt level 
IP1.3 
PCT3 
T2 capture register 3 priority 
interrupt level 


IP1.2 
PCT2 
T2 capture register 2 priority 
interrupt level 
IP1.1 
PCT1 
T2 capture register 1 priority 
interrupt level 
IP1.0 
PCTO 
T2 capture register a priority 
interrupt level 


Where: a = interrupt disabled. 


1 = interrupt enabled. 


Table 10 shows the interrupt vectors. The 
vector indicates the Program memory 
location where the appropriate interrupt 
service routine starts. 


SOURCE 
VECTOR 


External a 
XO 
0003H 
Timer a overflow 
TO 
OOOBH 
External 1 
X1 
0013H 
Timer 1 overflow 
T1 
001BH 
Serial I/O a (UART) 
SO 
0023H 
Serial I/O 1 (CAN) 
51 
002BH 
T2 capture a 
CTO 
0033H 
T2 capture 1 
CT1 
003BH 
T2 capture 2 
CT2 
0043H 
T2 capture 3 
CT3 
004BH 
ADC completion 
ADC 
0053H 
T2 compare a 
CMO 
005BH 
T2 compare 1 
CM1 
0063H 
T2 compare 2 
CM2 
006BH 
T2 overflow 
T2 
00?3H 


Interrupt 
Priority 
Each interrupt source can be either high 
priority or low priority. If both priorities are 
requested simultaneously, the processor will 
branch to the high priority vector. If there are 
simultaneous requests from sources of the 
same priority, then interrupts will be serviced 
in the following order: XO, 51, ADC, TO, CTO, 
CMO, X1, CT1, CM1, n, CT2, CM2, SO, 
CT3, T2. 


A low priority interrupt routine can only be 
interrupted by a high priority interrupt. A high 
priority interrupt routine cannot be 
interrupted. 
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MODE 
PROGRAM 
ALE 
PSEN 
PORTO 
PORT 1 
PORT2 
PORT 3 
PORT 4 
PWMOI 


MEMORY 
PWMl 


Idle 
Intemal 
1 
1 
Port Data 
Port Data 
Port Data 
Port Data 
Port Data 
High 


Idle 
External 
1 
1 
Float 
Port Data 
Address 
Port Data 
Port Data 
High 


Power-down 
Intemal 
0 
0 
Port Data 
Port Data 
Port Data 
Port Data 
Port Data 
High 


Power-down 
External 
0 
0 
Float 
Port Data 
Port Data 
Port Data 
Port Data 
High 


NOTE: 
If the port pins Pl.6 and Pl.? are used as the CAN transmitter outputs (CTXO and CTX1), then during Sleep and Power-down mode these pins 
output a "recessive" level. 


POWER REDUCTION 
MODES 
The 8XC592 has three software-selectable 
modes to reduce power consumption. These 
are: 


• Sleep mode, affecting the CAN Controller 
only 


• Idle mode, affecting the 
- 
CPU 
(halted) 
- Timer 2 
(stopped and reset) 
- 
PWMO, PWMl 
(reset, output = HIGH) 
- ADC 
(aborted if in progress) 


• Power-down mode, affecting the whole 
8XC592 device. 


CAN Sleep Mode 
In order to reduce power consumption of the 
P8XC592 the CAN Controller may be 
switched off (disconnecting the internal clock) 
by selling the CAN Command Register bit 4 
(Sleep) HIGH. The CAN Controller leaves 
this Sleep mode by detecting either activity 
on the CAN-bus (dominant bit-level on 
CRXO/CXR1) or by setting the Sleep Mto 
LOW. 


As the CPU cannot only write to the Sleep bit, 
but can also read it, the CAN Controller 
status can be determined directly. 


Idle Mode 
The instruction that sets PCON.O is the last 
one executed in the normal operating mode 
before Idle mode is activated. Once in the 
Idle mode, the CPU status is preserved in its 
entirety: the Stack Pointer, Program Counter, 
Program Status Word, Accumulator, RAM 
and all other registers maintain their data 
during Idle mode. The status of the external 
pins during Idle mode is show in Table 12. 


There are three ways to terminate the Idle 
mode: 


Activation of any enabled interrupt will cause 
PCON.O to be cleared by hardware, provided 
that the interrupt source is active during Idle 


mode. After the interrupt is serviced, the 
program continues with the instruction 
immediately after the one, at which the 
interrupt request was detected. 


The flag bits GFO and GFl may be used to 
determine whether the interrupt was received 
during normal execution or during the Idle 
mode. For example, the instruction that writes 
to PCON.O can also set or clear one or both 
flag bits. When Idle mode is terminated by an 
interrupt, the service routine can examine the 
status of the flag bits. 


Another way of terminating the Idle mode is 
an extemal hardware reset. Since the 
oscillator is still running, the reset signal is 
required to be active only for 2 machine 
cycles (24 oscillator periods) to complete the 
reset operation. 


The third way is the internally generated 
watchdog reset after an overflow of Timer 3. 


Power-down 
Mode 
The instruction that sets PCON.l to HIGH, is 
the last one executed before entering the 
Power-down mode. In Power-down mode the 
oscillator of the P8XC592 is stopped. If the 
CAN Controller is in use, it is recommended 
to set it into Sleep mode before entering 
Power-down mode. However, setting 
PCON.l to HIGH also sets the Sleep bit 
(CAN Controller Command Register bit4) to 
HIGH. 


The P8XC592 leaves Power-down mode 
either by a hardware reset or by a CAN 
Wake-up interrupt (due to activity on the CAN 
bus), if the SIOl (CAN) interrupt source is 
enabled (contents of register IENO= 
1xl xxxxxb). A hardware reset affects the 
whole P8XC592, but leaves the contents of 
the on-chip RAM unchanged (CAN Controller 
and CPU's Special Function Registers are 
reset). A CAN Wake-up interrupt during 
Power-down mode causes a reset output 


pulse with a width of 6144 machine cycles 
(4.6ms with fCLK=16MHz). All hardware 
except from the CAN Controller of the 
P8XC592 is reset (the contents of all CAN 
Controller registers are preserved). 


Note that a capacitance connected to the 
RST pin could lengthen the internally 
generated reset pulse. If the pulse exceeds 
8192 machine cycles, the CAN Controller 
part is reset too. 


RESET 
A reset is accomplished by holding the RST 
pin HIGH for at least two machine cycles (24 
oscillator periods). The CPU responds by 
executing an internal reset. During reset ALE 
and ~ 
output at a HIGH level. In order to 


perform a correct reset, this level must not be 
affected by external elements. 


Also with the P8XC592, the RST line can be 
pulled HIGH internally by a pull-up transistor 
activated by the watchdog timer T3. The 
length of the output pulse from T3 is 3 
machine cycles. A pulse of such short 
duration is necessary in order to recover from 
a processor or system fault as fast as 
possible. 


During Power-down a reset could be 
generated internally via the CAN Wake-up 
interrupt. Then the RST pin is pulled HIGH for 
6144 machine cycles. In this case the CAN 
Controller is not reset. 


If the watchdog timer or the CAN Wake-up 
interrupt is used to reset external devices, the 
usual capacitor arrangement for power-on 
reset should not be used. However, the 
internal reset is forced, independent of the 
external level on the RST pin. 


The Main RAM and AuxRAM are not 
affected. When VDD is turned on, the RAM 
content is indeterminate. 
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Table 12. 
After a reset the internal registers have the following contents: 


(CPU PART) 
REGISTER 
7 
6 
5 
4 
3 
2 
1 
0 


ACC 
0 
0 
0 
0 
0 
0 
0 
0 
ADCO 
X 
X 
0 
0 
0 
0 
0 
0 
ADCH 
X 
X 
X 
X 
X 
X 
X 
X 
B 
0 
0 
0 
0 
0 
0 
0 
0 
CMlO-CMl2 
0 
0 
0 
0 
0 
0 
0 
0 
CMHO-CMH2 
0 
0 
0 
0 
0 
0 
0 
0 
CTCON 
0 
0 
0 
0 
0 
0 
0 
0 
CTlO-CTl3 
X 
X 
X 
X 
X 
X 
X 
X 
CTHO-CTH3 
X 
X 
X 
X 
X 
X 
X 
X 
DPl 
0 
0 
0 
0 
0 
0 
0 
0 
DPH 
0 
0 
0 
0 
0 
0 
0 
0 
IENO 
0 
0 
0 
0 
0 
0 
0 
0 
IENl 
0 
0 
0 
0 
0 
0 
0 
0 
IPO 
X 
0 
0 
0 
0 
0 
0 
0 
IPl 
0 
0 
0 
0 
0 
0 
0 
0 
PCH 
0 
0 
0 
0 
0 
0 
0 
0 
PCl 
0 
0 
0 
0 
0 
0 
0 
0 
PCON 
0 
X 
X 
0 
0 
0 
0 
0 
PSW 
0 
0 
0 
0 
0 
0 
0 
0 
PWMO 
0 
0 
0 
0 
0 
0 
0 
0 
PWMl 
0 
0 
0 
0 
0 
0 
0 
0 
PWMP 
0 
0 
0 
0 
0 
0 
0 
0 
PO- P4 
1 
1 
1 
1 
1 
1 
1 
1 
P5 
X 
X 
X 
X 
X 
X 
X 
X 
RTE 
0 
0 
0 
0 
0 
0 
0 
0 
SOBUF 
X 
X 
X 
X 
X 
X 
X 
X 
SOCON 
0 
0 
0 
0 
0 
0 
0 
0 
CANSTA 
0 
0 
0 
0 
1 
1 
0 
0 
CANCON 
X 
X 
X 
0 
0 
0 
0 
0 
CANDAT 
X 
X 
X 
X 
X 
X 
X 
X 
CANADR 
0 
X 
1 
0 
0 
1 
0 
0 
SP 
0 
0 
0 
0 
0 
1 
1 
1 
STE 
1 
1 
0 
0 
0 
0 
0 
0 
TCON 
0 
0 
0 
0 
0 
0 
0 
0 
THO, TH1 
0 
0 
0 
0 
0 
0 
0 
0 
TMH2 
0 
0 
0 
0 
0 
0 
0 
0 
TlO, Tll 
0 
0 
0 
0 
0 
0 
0 
0 
TMl2 
0 
0 
0 
0 
0 
0 
0 
0 
TMOD 
0 
0 
0 
0 
0 
0 
0 
0 
TM2CON 
0 
0 
0 
0 
0 
0 
0 
0 
TM21R 
0 
0 
0 
0 
0 
0 
0 
0 
T3 
0 
0 
0 
0 
0 
0 
0 
0 


(CAN PART) 
REGISTER 
7 
6 
5 
4 
3 
2 
1 
0 


CR 
0 
X 
1 
X 
X 
X 
X 
1 
CMR 
1 
1 
X 
0 
X 
X 
X 
X 
SR 
0 
0 
0 
0 
1 
1 
0 
0 
IR 
X 
X 
X 
0 
0 
0 
0 
0 
ACR 
X 
X 
X 
X 
X 
X 
X 
X 
AMR 
X 
X 
X 
X 
X 
X 
X 
X 
BTRO 
X 
X 
X 
X 
X 
X 
X 
X 
BTR 1 
X 
X 
X 
X 
X 
X 
X 
X 
OCR 
X 
X 
X 
X 
X 
X 
X 
X 
TR 
X 
X 
X 
X 
X 
X 
X 
X 
TXB 10-19 
X 
X 
X 
X 
X 
X 
X 
X 
RXB 20 -29 
X 
X 
X 
X 
X 
X 
X 
X 
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RATING 


PARAMETER 
MIN 
MAX 
UNIT 


Storage temperature range 
-65 
+150 
°c 


Voltage on FANpp to Vss 
-{).5 
+13 
V 


Power dissipation (based on package heat transfer limitations, not device power con- 
1.0 
W 
sumption) 


Voltage on VDOpin 
-0.5 
+6.5 
V 


Input voltage on any pin except from CTXO, CTX1, CRXO and CRX1 
-0.5 
Voo+0.5 
V 


Input output current on any 1/0 pin except fro CTXO and CTX1 


" 
- 
10 
mA 


Sink current of CTXO, CTX1 together 
- 
30 
mA 


Source current of CTXO, CTX1 together 
- 
20 
mA 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 


functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 
2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 
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DC ELECTRICAL 
CHARACTERISTICS 


Tamb= -40oc to +85°C (83C592FFA, 87C592EFA), Tamb= -40°C 
to +125°C (83C592FHA); VDD,AVDD= 5V ±10%, VSS, AVSS= OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYPICAL 
MAX 
UNIT 


VDD 
Supply voltage 
- 
4.5 
5.5 
V 


Supply current: 


IDD 
operating 
!ClK = 16MHz 
- 
50 
mA 


liD 
Idle mode 
!ClK = 16MHz 
- 
15 
mA 


liS 
Idle and Sleep mode 
!ClK = 16MHz 
- 
10 
mA 
IpD 
Power-down mode (83C592 FHA) 
Note 4 
150 
~A 
IpD 
Power-down mode (8XC592 xFx) 
Note 4 
100 
~A 


Inputs 


Vil 
Input low voltage, except EA, CRXO, CRX1 
-0.5 
0.2VDD-0.1 
V 


VILl 
Input low voltage to EA 
-D.5 
0.2VDD-D·3 
V 


VIH 
Input high voltage, 
0.2VDD+0.9 
VDD+0.5 
V 
except XTAL1, RST, CRXO, CRX1 


VIHl 
Input high voltage, XTAL1, RST 
0.7VDD 
VDD+0.5 
V 


-Ill 
Input current Low, ports 1,2, 3, 4 
VIN = 0.45V 
-50 
~A 


-ITl 
High-to-Low transition current, ports 1,2,3, 
4 
VI = 2.0V/0.45V 
-<350 
~A 


±IILl 
Input leakage current, port 0, EA, STADe, EW 
0.45V<VI<VDD 
10 
~A 


±11L2 
Input leakage current, port 5 
0.45V<VI<VDD 
1 
~A 


Outputs 
- 


VOL 
Output low voltage, ~orts 1, 2, 3, 4, 
IOl= 
1.6mA2 
0.45 
V 
except P1.6, P1.75, 


VOLl 
Output low voltage, port 0, ALE, "P"SEN,PWMO, 
IOl = 3.2mA2 
- 


PWm, 
P1.6, P1.75.6 
0.45 
V 


VOH 
Output high voltage, ports 1, 2, 3, 4 
-IOH = 6Ol1A 
2.4 
V 
-IOH = 25~A 
0.75VDD 
V 
-IOH = 1Ol1A 
0.9VDD 
V 


VOH1 
Output WtM'oltage 
(port 0 In external bus mode, ALE, 
-IOH = 4OOl1A 
2.4 
V 


"P"SEN, 
, PWf~l)3 
-IOH = 150~A 
0.75VDD 
V 


-IOH = 40~A 
0.9VDD 
V 


VOH2 
High level output voltage (RST) 
-IOH = 4OOl1A 
2.4 
V 


-IOH = 12Ol1A 
0.8VDD 


RRST 
Internal reset pull-down resistor 
. 
50 
150 
kQ 


CIO 
I/O buffer pin capacitance 
Test !req = 1MHz, 
10 
Tamb= 25°C 
pF 
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DC ELECTRICAL 
CHARACTERISTICS 
(Continued) 


Tamb= -400C to +8S0C (83CS92FFA, 87CS92EFA), Tamb= -400C to +12S0C (83CS92FHA); voo, AVoo = SV±10%, 
vss, AVss = OV 


TEST 
LIMITS 
I 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
I TYPICAL 
MAX 
I UNIT 


Analog Inputs 


AVoo 
Analog supply voltage? 
AVoo ,= Voo±O.2V 
4.S 
S.S 
V 


Aloo 
Analog supply current: 
Port S = AVoo 


Operating 
2.S 
mA 
Idle mode 
2.S 
mA 


AilS 
Idle and sleep mode 
83CS92FHA 
J 
400 
!LA 


8XCS92xFx 
3S0 
!LA 


Alpo 
Power-down mode 
83CS92FHA 
400 
itA 


8XCS92xFx 
3S0 
itA 


AVIN 
Analog input voltage 
AVss-o·2 
AVoo+0.2 
V 


AVREF 
Reference voltage: 
AVREF_ 
AVss-o·2 
V 
AVREF+ 
AVoo+0.2 
V 


RREF 
Resistance between AVREF+and AVREF_ 
10 
SO 
kn 


CIA 
Analog input capacitance 
, 
1S 
pF 


tAOS 
Sampling time 
8ley 
itS 


tAOC 
Conversion time (including sampling time) 
SOley 
itS 


DL. 
Differential non-linearityB. 9, 10 
±1 
LSB 


IL. 
Integral non-linearityB. 11 
. 


±2 
LSB 


OS. 
Offset errorS.12 
±2 
LSB 


G. 
Gain errorS. 13 
±0.4 
% 


Ae 
Absolute Voltage ErrorS, 14 
±3 
LSB 


MCTC 
Channel to channel matching 
±1 
LSB 


Ct 
Crosstalk between Port S inputs9 
D-100kHz 
-60 
dB 


CAN 


CAN input comparator (CRXO, CRX1) 
AVoo=SV±S% 


1.4V<VI<AVoo-1.4V 


±VDlF 
Differential input voltage 15 
32 
- 
mV 


VHYST 
Hysteresis voltage 15 
8 
30 
mV 


±IJ 
Input current 
- 
400 
nA 


CAN output driver 
Voo=SV±S% 


VOLT 
CTXO, CTX1, output voltage LOW 
10= 1.2mA15 
- 
0.1 
V 


10= 10mA 
- 
0.6 
V 


VOHT 
CTXO, CTX1, output voltage HIGH 
10= 1.2mA15 
Voo - 0.1 
- 
V 


10=-10mA16 
Voo-0.6 
- 
V 


Reference 


Reference 
AVoo=SV±S% 


VREFOUT 
REF output voltage15 
-0.1 mA<IL<0.1mA; 
AVmf2-o.0S 
AVoo/2+0.0S 
V 
(bit Reference Active = HIGH) 
CL = 10nF 


±IREFIN 
REF input current 
1,SV<VREFIN< 
- 
10 
!LA 
(bit Reference Active = LOW) 
AVoo-1.SV 


Single-chip 8-bit microcontroller 
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NOTES TO THE DC ECLECTRICAL CHARACTERISTICS: 
1. The operating current is measured with all output pins unloaded; XTAL1 is driven with tR ; tF; 
10ns; V1L; Vss + 0.5V; VIH ; Voo - 0.5V; 


EJI:; RST; 
Port 0; 
P1.6; 
P1.7; 
FW; 
Voo; STADC; 
Vss; CRXO; 
2.7V; CRX1 ; 2.3V. 


2. The idle mode supply current is measured with all output pins unloaded; XTAL1 is driven with tR ; tF; 
10ns; VIL ; Vss + 0.5V; 
VIH; 
Voo - 0.5V; Port 0; 
P1.6; 
P1.7; 
FW; 
Voo; EJI:; RST; 
STADC; 
Vss; CRXO; 
2.7V; CRX1 ; 2.3V. 
3. The idle and sleep mode supply current is measured with all output pins unloaded; XTAL1 is driven with tR; 
tF; 
10ns; VIL; 
Vss + 0.5V; 


V1H; Voo - 0.5V; Port 0; 
P1.6; 
P1.7; 
FW; 
CRXO ; Voo; EJI:; RST; 
STADC; 
CRX1 ; Vss; CAN: register 6: ; OOH,register 7: ; 12H, 
register 8: ; 02H, register 0: ; 20H, wait 15tCY,register 1:; 
10H, wait for bit Sleep; 
1. 
4. The power-down current is measured with all output pins unloaded; Port 0; 
P1.6; 
P1.7; FW; CRXO; 
Voo; 
m; EJI:; RST; 
STADC ; CRX1 ; Vss. Windowed devices must have the window covered during testing. 


5. 
Under steady state (non-transient) conditions, IOLmust be limited externally as follows: 
Maximum IOLper 8 bit port 
- PortO: 
26mA 
-Port1: 
32mA 
- Ports 2, 3, and 4: 15mA 


Maximum IOLfor all output pins: 
71mA 


If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 


6. Capacitive loads on PortOand Port2 may degrade the LOW level output voltage of ALE, Port1 and Port2. During a 1-to-0 transition on the 


PortOand Port2 pins and a capacitive load> 100pF, the ALE LOW level may exceed 0.8V. In that case, it is necessary to connect ALE to a 
Schmitt trigger input respectively use an address latch with a Schmitt trigger STROBE input. 


7. Capacitive loads on PortOand Port2 may cause a HIGH level output voltage degradation of ALE and I'SE'J below 0.9 Voo during the 
address bits are stabilizing. 


8. AVREF+; 5.12V; AVREF-; 
OV;AVoo ; 5.0V. 
9. The differential non-linearity (DL.) is the difference between the actual step width and the ideal step width. 
10.The ADC is monotonic, there are no missing codes. 
11.The integral non-linearity (IL.) is the peak difference between the center of the steps of the actual and the ideal transfer curve after 
appropriate adjustment of gain and offset error. 
12.The offset error (OS.) is the absolute difference between the straight line which fits the actual transfer curve after removing gain error, and a 
straight line which fits the ideal transfer curve. The offset error is constant at every point of the actual transfer curve. 


13.The gain error (G.) is the relative difference in percent between the straight line fitting the actual transfer curve after removing offset error 
and the straight line which fits the ideal transfer curve. The gain error is constant at every point on the transfer curve. 


14. The absolute voltage error (A.) is the maximum difference between the center of the steps of the actual transfer curve of the not calibrated 
ADC and the ideal transfer curve. 


15. Not tested during production. 
16.Source current for the CTXO, CTX1 outputs together. 
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AC ELECTRICAL 
CHARACTERISTICS 


Tamb= -40°C to +85°C, VOO,AVOO= 5V ±10%, VSS, AVSS= OV 


VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
UNIT 


1ltcLK 
7 
Oscillator frequency 
1.2 
16 
MHz 


tLHLL 
7 
ALE pulse width 
[ 
2lcLK-40 
ns 


tAVLL 
7 
Address valid to ALE low 
lcL,,55 
ns 


tLLAX 
7 
Address hold after ALE low 
tCLK-35 
ns 


tLLlV 
7 
ALE low to valid instruction in 
4tCLK-100 
ns 


tLLPL 
7 
ALE low to PSElIllow 
tCLK-40 
ns 


tPLPH 
7 
PSElIl pulse width 
3tCLK-45 
ns 


tPLIV 
7 
PSElIllow 
to valid instruction in 
3lcLK-105 
ns 


tPXIX 
7 
Input instruction hold after PSElIl 
0 
ns 


tPXIZ 
7 
Input instruction float after PSElIl 
lcLK-25 
ns 


tAVIV 
7 
Address to valid instruction in 
5lcLK-105 
ns 


tpLAZ 
7 
PSElIllow 
to address float 
10 
ns 


Data Memory 


tAVLL 
8,9 
Address valid to ALE low 
tCLK-55 
ns 


tRLRH 
8,9 
"AU pulse width 
6tCLK-100 
ns 


tWLWH 
8,9 
WR pulse width 
6lcLK-100 
ns 


tRLOV 
8,9 
"AU low to valid data in 
5tCLK-165 
ns 


tRHOX 
8,9 
Data hold after "AU 
0 
ns 


tRHOZ 
8,9 
Data float after "AU 
2tCL,,70 
ns 


tLLOV 
8,9 
ALE low to valid data in 
8tCLK-150 
ns 


tAVOV 
8,9 
Address to valid data in 
9lcLK-165 
ns 


tLLWL 
8,9 
ALE low to "AU or WR low 
3tCLK-50 
3tCLK+50 
ns 


tAVWL 
8,9 
Address valid to WR low or "AU low 
4tCLK-130 
ns 


lavwx 
8,9 
Data valid to WR transition 
lcLK-{;O 
ns 


tWHOX 
8,9 
Data hold after WR 
lcLK-50 
ns 


tRLAZ 
8,9 
"AU low to address float 
0 
ns 


tWHLH 
8,9 
"AU or WR high to ALE high 
tCLK-40 
lcLK+40 
ns 


External Clock 


lcHCX 
11 
High time3 
20 
ns 


lcLCX 
11 
Lowtime3 
20 
ns 


lcLCH 
11 
Risetime3 
20 
ns 


lcHCL 
11 
Fall time3 
20 
ns 


UART Timing in Shift Register Mode 


tXLXL 
10 
Serial port clock cycle time3 
12lcLK 
fls 


laVXH 
10 
Output data setup to clock rising edge 
1OlcLK-133 
ns 


tXHOX 
10 
Output data hold after clock rising edge 
2lcLK-117 
ns 


tXHOX 
10 
Input data hold after clock rising edge 
0 
ns 


tXHOV 
10 
Clock rising edge to input data valid 
1OtCL,,133 
ns 


CAN Input Comparator 
I Output Driver (AVOO= 5V ± 5%) 


tso 
Sum of input and output delay 
- 
60 
ns 
(VOIF= ± 32mV; l.4V 
< VI < AVOO- 1.4Vj AVOO= 5V ± 5% 
NOTES: 
1. Parameters are valid over operating tew~~~ture 
range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and 
= 100pF, load capacitance for all other outputs = 80pF. 
3. These values are characterized but not 100% production tested. 
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EXPLANATION 
OF THE AC SYMBOLS 
Each timing symbol has five characters. The 
Q- Output data 
first character is always 't' (; time). The other 
R - liIJ signal 


characters, depending on their positions, 
t - Time 
indicate the name of a signal or the logical 
V - Valid 


status of that signal. the designations are: 
W- WR: signal 


A - Address 
X - No longer a valid logic level 


C - Clock 
Z - Float 


D - Input data 
Examples: tAVLL 
H - Logic level high 
I - Instruction (program memory contents) 
L - Logic level low, or ALE 
P-l'SEN 


; 
Time for address valid to 
ALE low. 


; Time for ALE low to 
l'SEN low. 
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Preliminary specification 


INPUT 
DATA 
~' 


CLEAR 
RI 


VD~·5 
- 
- 
- 
- 
O.7VDD 


O.45V 
O.2VD~.l 
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VD~.5=X 
x= 


- 
0 2VDD+09 


a 45V 
.~0_2V-,D"D,--()_._' 
_ 


TIMING 


REFERENCE 


POINTS 


NOTE: 


AC inputs 
during 
testing 
are driven 
at VOO -0.5 
for a logic ',' 
and O.45V for a logic '0'. 


Timing 
measurements 
are made al VIH min for a logic '" 
and VIL max for a logic '0'. 


NOTE: 
For liming 
purposes, 
a port is no longer 
floating 
when a l00rnV 
change 
from load 


voltage 
occurs, 
and begins 
10 float when a 1DOmV change 
from the loaded 
VOW 


VOL 
rever occurs. 
JOHIIOL? 
± 2QmA. 


50 


45 


40 


35 


30 


loomA 
25 


20 


15 


10 


NOTE: 


Valid only within 
frequency 
specifications 
of the device 
under test. Maximum 
values 
laken 


at worst case temperature. 
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EPROM CHARACTERISTICS 
The 87C592 is programmed by using a 
modified Quick-Pulse Programming ™ 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEII'l'lOO 
pulses. 


The 87C592 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C592 manufactured by Philips. 


Table 13 shows the logic levels for reading 
the signature byte, and for programming the 
program memory, the encryption table, and 
the lock bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 15 and 16. Figure 17 shows 
the circuit configuration for normal program 
memory verification. 


Quick-Pulse 
Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 15. Note that 
the 87C592 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 


The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 15. The code byte to be 
programmed into that location is applied to 
port O. RST, "F'SElII, and pins of ports 2 and 3 
specified in Table 13 are held at the "Program 
Code Data" levels indicated in Table 13. The 
ALEII'l'lOO 
is pulsed low 25 times as shown 
in Figure 16. 


To program the encryption table, repeat the 
25-pulse programming sequence for 


addresses 0 through 1FH, using the "Pgm 
Encryption Table" levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 


To program the lock bits, repeat the 25-pulse 
programming sequence using the "Pgm Lock 
Bir levels. After one lock bit is programmed, 
further programming of the code memory and 
encryption table is disabled. However, the 
other lock bit can still be programmed. 


Note that the FANpp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 


Program 
Verification 


If lock bit 2 has not been programmed, the 
on-chip program memory can be read out for 
program verification. The address of the 
program memory locations to be red is 
applied to ports 1 and 2 as shown in 
Figure 17. The other pins are held at the 
"Verify Code Data" levels indicated in 
Table 13. The contents of the address 
location will be emitted on port O.External 
pull-ups are required on port 0 for this 
operation. 


If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctiy decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 


The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 


(030H) = 15H indicates manufactured by 


Philips 


(031H) = 9CH indicates 87C592 


ProgramNerify 
Algorithms 


Any aigorithm in agreement with the 
conditions listed in Table 13, and which 
satisfies the timing specifications, is suitable. 


Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to the 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary 
effects, 
it 


is recommended 
that an opaque label be 


placed over the window. 
For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-sec/cm2. Exposing the EPROM to an 
ultraviolet lamp of 12,000~W/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. Erasure leaves the 
array in an all 1s state. 


MODE 
RST 
"F'SElII 
ALEJPmm 
~pp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program code data 
1 
0 
O' 
Vpp 
1 
0 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 


Pgm encryption 
1 
0 
O· 
Vpp 
1 
0 
1 
0 
table 


Pgm lock bit 1 
1 
0 
O· 
Vpp 
1 
1 
1 
1 


Pgm lock bit 2 
1 
0 
O· 
Vpp 
1 
1 
0 
0 


NOTES. 
1. 0 = Valid low for that pin; 1 = valid high for that pin. 
2. Vpp = 12.75V±0.25V. 
3. Voo = 5V ±10% during programming and verification. 
• 
ALEII'l'lOO 
receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 1OO~s(±10~s) and high for a 
minimum of 1O~s. 
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Voo 


Pl 
PO 


RST 
nNpp 


P3.6 
ALEII'IlOO 


P3.7 
87C592 
1'SEN 


XTAL2 
P2.7 


P2.6 


XTALl 
P2.o-P2.5 


Vss 


1 11.00------------ 25 PULSES 


Voo 


AG-A7 
Pl 
PO 
PGM DATA 


RST 
nNpp 


P3.6 
ALEII'IlOO 


P3.7 
87C592 
1'SEN 


XTAL2 
P2.7 
o "ENJ(Il[E 


P2.6 


XTAL1 
P2.o-P2.5 
A8-A13 


vss 


Figure 17. 
Program Verification 
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EPROM PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb = 21°C 
to +27°C. 
VOO = 5V±10%. 
VSS = OV (See 
Figure 
18) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply 
current 
50 
mA 


1/teLK 
Oscillator 
frequency 
4 
6 
MHz 


tAVGL 
Address 
setup 
to P"ROO 
low 
48teLK 


'<lHAX 
Address 
hold 
after 
P"ROO 
48teLK 


tOVGL 
Data 
setup 
to P"ROO 
low 
, 
48teLK 


tGHDX 
Data 
hold after 
P"ROO 
48teLK 


tEHSH 
P2.7 (rnAeIT) 
high to Vpp 
48teLK 


tSHGL 
Vpp 
setup 
to P"ROO 
low 
10 
I1s 


'<lHSL 
Vpp 
hold 
after 
P"ROO 
10 
I1s 


'<lLGH 
P"ROOwidth 
90 
110 
I1S 


tAVQV 
Address 
to data 
valid 
48teLK 


tELQV 
rnAeIT 
low to data 
valid 
48teLK 


tEHQZ 
Data 
float 
after rnAeIT 
0 
48teLK 


'<lHGL 
P"ROO 
high to P"ROO 
low 
10 
I1S 


Philips Semiconductors 
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1.0 
FEATURES 


• 80C51 central processing unit (CPU) 


• 32 kbyte on-chip ROM (EPROM), 
externally expandable to 64 kbyte 


• 2 x 256 byte on-chip RAM, externally 
expandable to 64 kbyte 


• Two standard 16-bit timer/counters 


• One additional 16-bittimer/counter 
coupled 
to four capture and three compare registers 


• A 1O-bit ADC with eight multiplexed analog 


inputs 


• Two 8-bit resolution, pulse width 


modulation outputs 


• 15 interrupt sources with 2 priority levels 


(2 to 6 external interrupt sources possible) 


• Five 8-bitl/O 
ports plus one 8-bit input port 


shared with analog inputs 


• CAN controller with DMA transfer facility to 


internal RAM 


• 1 MbiVs CAN-Controller with bus failure 
management facility 


• VDo/2 reference voltage 


• Full-duplex UART compatible with the 
standard 80C51 


• On-chip watchdog timer 


• 1.2 to 16MHz clock frequency 


(3.5 to 16MHz for EPROM/OTP version) 


• Electro-Magnetic Compatibility (EMC) 
improvements 


2.0 
GENERAL 
DESCRIPTION 
The P80CE598/P83CE598/P87CE598 
(hereafter generically referred to as 
P8xCE598) is a single-chip 8-bit 
high-performance microcontroller with 
on-chip CAN-controller designed for use in 
automotive and general industrial 
applications. In addition to the 80C51 
standard features. this device provides a 
number of dedicated hardware functions 
highly suitable for automotive and general 
industrial applications. Figure 1 illustrates the 
block diagram of the P8xCE598. 


Three versions of the P8xCE598 will be 
offered: 


• P83CE598 (ROM version) 


• P80CE598 (ROMless version) 


• P87CE598 (EPROM/OTP version) 


(OTP = One Time Programming) 


The P8xCE598 basically combines the 
functions of the existing P8xC552 and the 
Philips CAN-controller PCA82C200 (CAN = 


Controller Area Network) with the following 
enhanced features: 


• 32 kbyte Program Memory 


• 2 x 256 byte Data Memory 


• DMA between CAN TransmiVReceive 


Buffer and internal RAM 


The temperature range includes a -40 to 
+85°C version for general applications and 
an automotive temperature range version of 
-40 to +125°C for the ROM and ROMless 
versions with a maximum clock frequency of 
16MHz. The P87CE598 (EPROM/OTP 
version) has a temperature range of -40 to 
+85°C. 


The main differences to the P8xC552 
microcontroller are: 


• A CAN-controller substitutes the 12C-serial 
interface 


• 32 kbyte programmable ROM respectively, 


EPROM (P8xC552 has 8 kbyte) 


• Additional 256 byte RAM 


EXTENDED 
PACKAGE 
TEMPERATURE 
FREQUENCY 
TYPE NUMBER 
PINS 
PIN POSITION 
MATERIAL 
RANGE (OC) 
(MHz) 


ROMless 


P80CE598FFB 
80 
OFP 
plastic 
-40 to +85 
1.2to 16 


P80CE598FHB 
80 
OFP 
plastic 
-40 to +125 
1.2to 16 


ROM 


P83CE598FFB 
80 
OFP 
plastic 
-40 to +85 
1.2to 16 


P83CE598FHB 
80 
OFP 
plastic 
-40 to +125 
1.2to 16 


EPROM 


P87CE598EFO 
80 
COFP 
ceramic (window) 
-40 to +85 
3.5 to 16 


P87CE598EFB 
80 
OFP 
plastic 
-40 to +125 
3.5 to 16 


XTALl 


XTAL2 


EA 


"T1.c' 
PSEN 
c 
iil,.. 


CD 
IJl 


CO 
0- 
WR 
0 
"'"Ciii' 
(Q 
AD 
iil3 


AOO-7 


"8-15 


-- 
AOC 0-7 
PWMO 
'i,:r 


-- 
STADC 
IIV,el 
CRXl 
CTXl 
- - 
VOO 
VSS 
PWMl 


TO 
Tl 
INTO 
INTl 
+ 
- 
CRXO 
CTXO 


(3) 
(3) 
(3) 
(3) 
I 
I 
(5) 
(1) 
(1) 


AVoo12 
- 
...• 
---' 
- 
'--- 


TO. Tl 
PROGRAM 
AUXIUIIRY 
DATA 
- 
+-- 
TW016·BIT 
MEMORY 
MEMORY 
MEMORY 
DUAL 
TIMEIV 
CPU 
AoC 
CAN 
EVENT 
32Kx8 
256x8 
256x8 
PWM 


COUNTERS 
ROM 
RAM 
RAM 
- 
- - 
(6) 
1L:- 
- 
...• 
n 


PCB 
8OG51 
oMA·BUS 
eo<e 
+-- 
excluding 
ROMIRAM 
INTERNAL BUS 
(3)- 


P8XCE598 
(3)- 
16 
! 
-- 
-- 


1'2 
THREE 
I 


PIlRALUEL 
SERII\L 
8·BIT 
FOUR 
16·BIT 
16-BIT 
..... 
COMPARIITOR 
T3 
(0) 
I/O PORTS 
I/O 
16-BIT 
TlMEIV .;L COMPARATORS ..... 
OUTPUT 
WIlTCHoOG 
& 
UART 
CAPTURE 
WITH 
EXT. BUS 
PORT 
PORTS 
LATCHES 
EVENT 
REGISTERS 
..... 
SELECTION 
TIMER 
COUNTER 
(2) lJ 
- 
- 
- - - 
.- 
---I 
- 
(3) 
(3) 
(1) 
(1) 
(4) 


- 


(0) Altemallve 
lunctlon of Port O. 


(1) Altematlveluncllons 
of Port 1. 


(2) Allematlve 
lunctlon of Port 2. 


(3) Altemalive 
function of Port 3. 


(4) Altemallve 
tunctl"" 
of Port 4. 


(5) Altematlve function of Port 5. 


-u 


00 
~ 
-0' 
r 
'" 
0- 
00 
;:+ 
(l) 
3 
3 
o' 
0 
o· 
:JC. 
-. 
C" 
0 
() 
() 
iil 
0 
s: 
::J 
~. 
---.0 
0 
:J 


CD 
[ 
-. 
~ 
cVss 
:E 
-U 
;:+ 
ac. 
:r 
c 


cVoo 
0 
1?r 
::J 
I():r 
"0 
0 
~Z 


4.0 
ELECTROMAGNETIC 
COMPATIBILITY(EMC) 


Primary attention is paid to the reduction of 
electro-magnetic emission of the 
microcontroller P8xCE598. The following 
features reduce the electro-magnetic 
emission and additionally improve the 
electromagnetic susceptibility: 


• One analog supply voltage pin (AVoo) and 


one analog ground pin (AVss) as a pair of 
pins placed on one side of the package 
(see Figure) to provide: 


- analog power supply (+5V) and analog 


ground for ADC, CAN receiver and 
reference voltage. 


• Four digital supply voltage pins 


(VOO;l;2;3;4)and four digital ground pins 
(VSS1;2;3;4)are provided on the package. 
From these pins, one Voo and one Vss as 
a pair of pins are placed on each of the 
four sides of the package to provide: 


- VoolNsSl 
for intemallogic 
(CPU, 
Timers/counters, Memory, CAN, UART, 
ADC) 


- 
V002NSS2 for Port 1, Por 3 and Port 4, 
and ~ 
and 'PWMT outputs 


- 
VOO~SS3 for the on-chip oscillator 


- 
V004NSS4 for the Port 0, Port 2, ALE 
output and J5SEJ\I output 


• One CAN supply voltage pin (CVOO)and 
one CAN ground pin (CVss) as a pair of 
pins placed on one side of the package to 
provide: 


- 
Power supply (+5V) and ground for the 
CAN transmitter outputs 


• One the P87CE598 version, the additional 
supply voltage pin (Vpp) to provide: 


- 
the programming supply voltage Vpp, the 
alternative function for pin 65 (EANpp) 
on the P87CE598 EPROM/OTP version 
(see Figure 13). 


• Internal decoupling capacitance improves 
the EMC radiation behaviour and the EMC 
irnmunity. 


• External capacitors are to be located as 
close as possible between pins Voox and 
Vssx cross-connected in the following 
method (i.e., Voo1 to VSS2,etc.); ceramic 
chip capacitors are recommended (100nF). 


4.1 
Recommendation on ALE 
For applications that require no external 
memory or temporarily no external memory: 
the ALE output signal (pulses at a frequency 


of fascl6) can be disabled under software 
control (bit 5 in the PCON SFR: "RFI"); if 
disabled, no ALE pulse will occur. ALE pin 
will be pulled down internally, switching an 
external address latch to a quiet state. The 
MOVX instruction will still toggle ALE as a 
normal MOVX. ALE will retain its normal 
HIGH value during idle mode and a LOW 
value during power-down mode while in the 
"RFI" reduction mode. 


Additionally during internal access (Eli: = 1) 
ALE will toggle normally when the address 
exceeds the internal program memory size. 
During external access (EA = 0) ALE will 
always toggle normally, whether the flag 
"RFI" is set or not. 


5.0 
OTHER FEATURES 


The 8xCE598 has the same operation as the 
8XC552 for the AID, Timers, PWM outputs, 
UART and Watchdog Timer. Please refer to 
the 8XC552 datasheet for details on these 
features. The CAN interface and AUX RAM 
on the 8xCE598 are discussed in detail in the 
8XC592 datasheet. Please refer to the 
8XC592 datasheet for information on these 
features. 


6.0 
PINNING 
INFORMATION 


6.1 
Pinning 
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(1) Only 87CE598 with alternative function. 


Figure 2. Pin Configuration; 
SO-Lead OFP (SOT31S) and SO-Lead COFP (SOT351). 


SYMBOL 
PIN NO. 
DESCRIPTION 


AVREF- 
1 
Low-end of ADC (analog to digital conversion) reference resistor. 


AVREF+ 
2 
High-end of ADC (analog to digital conversion) reference resistor. The level of AVREF+must be higher than 
that of AVREF-. 


AVss 
3 
Analog ground 
for ADC. CAN receiver and reference voltage. 
, 


AVoo 
4 
Analog power supply (+5V) for ADC. CAN receiver and reference voltage. 


P5.7 - P5.0 
5-12 
Port 5: 8-bit input port. 


Port 5 alternative 
functions: 


P5.7-P5.0/ 
5-12 
8 input channels to ADC 


ADC7-ADCO 


VSS1 
13 
Digital ground: 
for internal logic (CPU. Timers/counters. Memory. CAN. UART. ADC). 


VOO1 
14 
Digital power supply: 
for internal logic (CPU Timers/counters. Memory. CAN. UART. ADC). 


STADC 
15 
Start ADC operation: 
input starting analog to digital conversion triggered by a rising edge (ADC operation 
can also be started by soltware). This pin must not float. 


"PWMll 
16 
Pulse Width Modulation 
output O. 


PWIiiIT 
17 
Pulse Width Modulation 
output 1. 


EW 
18 
Enable Watchdog 
Timer (WDT): enable for T3 Watchdog Timer and disable Power-down mode. this pin 
must not float. 


P4.0 - P4.7 
19-22. 
Port 4: 8-bit quasi-bidirectional 
I/O port. 


24- 
27 
Port 4 alternative 
functions: 


P4.0/CMSRO 
19 
TimerT2: 
Compare and set/reset outputs on a match with timer T2. 
P4.1/CMSR1 
20 
TimerT2: 
Compare and set/reset outputs on a match with timer T2. 
P4.21CMSR2 
21 
TimerT2: 
Compare and set/reset outputs on a match with timer T2. 


P4.3/CMSR3 
22 
TimerT2: 
Compare and set/reset outputs on a match with timer T2. 
P4.4/CMSR4 
24 
TimerT2: 
Compare and set/reset outputs on a match with timer T2. 
P4.5/CMSR5 
25 
TimerT2: 
Compare and set/reset outputs on a match with timer T2. 


P4.6/CMTO 
26 
TimerT2: 
Compare and toggle outputs on a match with timer T2. 


P4.7/CMT1 
27 
TimerT2: 
Compare and toggle outputs on a match with timer T2. 


VOO2 
28 
Digital power supply: 
for Port 1. Port 3 and Port 4. and "PWMll and PWIiiIT outputs. 


VSS2 
29 
Digital ground: 
for Port 1. Port 3 and Port 4. and "PWMll and PWIiIT outputs. 


RST 
30 
Reset: Input to reset the P8xCE598. It also provides a reset pulse as output when timer T3 overflows or 
after a CAN wake-up from Power-down. 


P1.0 - P1.7 
31 -36. 
Port 1: 8-bit quasi-bidirectional 
I/O port. 
38- 
39 
Port 1 alternative 
functions: 


P1.0/CTOI/INT2 
31 
Capture timer inputs for Timer T2 or external Interrupt inputs. 
P1.1/CT11/INT3 
32 
Capture timer inputs for Timer T2 or external interrupt inputs. 
P1.21CT21/INT4 
33 
Capture timer inputs for Timer T2 or extemal interrupt inputs. 
P1.31CT31/INT5 
34 
Capture timer inputs for Timer T2 or external interrupt inputs. 
P1.41T2 
35 
T2 event input. rising edge triggered. 
P1.5/RT2 
36 
T2 timer reset input. rising edge triggered. 
P1.6/CTXO 
38 
CAN transmitter output 0 (note 1). 


P1.7/CTX1 
39 
CAN transmitter output 1 (note 1). 


CVss 
37 
Ground potential for the CAN transmitter outputs. 


CVoo 
40 
Power supply 
(+5V) for the CAN transmitter outputs. 


SYMBOL 
PIN NO. 
DESCRIPTION 
, 


P3.0 - P3.7 
41 -48 
Port 3: 8-bit quasi-directional 1/0 port. 


Port 3 alternative 
functions: 


P3.0/RXD 
41 
Serial Input Port. 
P3.1fTXD 
42 
Serial Output Port. 
P3.2If1\lTO 
43 
External interrupt. 


P3.3Iff.lT1 
44 
Extemal interrupt. 


P3.4fTO 
45 
TImer 0 extemal input. 


P3.5fT1 
46 
TImer 1 extemal input. 


P3.6/WR: 
47 
Extemal data memory Write Strobe. 
P3.7/FID 
48 
Extemal data memory Read Strobe. 


XTAL2 
51 
Crystal pin 2: output of the inverting amplifier that forms the oscillator. Left open-circuit when and extemal 
oscillator clock is used. 


XTAL1 
52 
Crystal pin 1: input of the inverting amplifier that forms the oscillator, and input to the intemal clock 
generator. Receives the extemal oscillator clock signal when an extemal oscillator is used. 


VOO3 
53 
Digital power supply: 
for the on-chip oscillator. 


VSS3 
54 
Digital ground: 
for the on-chip oscillator. 


P2.0 - P2.7 
55- 
62 
Port 2: 8-bit quasi-directional 1/0 port. 


Port 2 alternative 
functions: 
P2.0 - P2.71 
55- 
62 
High-order 
address 
byte for extemal memory (A08 - A15). Port 2 can sink/source 1 TIL (= 4 LSTIL) 
A08 - A15 
input. 


~ 
63 
Program 
Store ENable: active LOW read strobe to extemal program memory. ~ 
can drive 8 LSTIL 
inputs. 


ALEIF'l'lOO 
64 
Address 
Latch Enable: latches the low-byte of the address during accesses to extemal memory. It is 


activated every six oscillator periods. During ann extemal data memory access one ALE pulse is skipped. 
ALE can drive up to 8 LSTIL inputs and handles CMOS inputs without an extemal pull-up. 


Pin 64 alternative 
function: 


ALEIF'l'lOO 
64 
The altemative function for pin 64 on the P87CE598 is the programming-pulse 
input"F'l'll:YG. 


EANpp 
65 
External Access: 
When EA is held at TTL level HIGH during reset, the CPU executes out of the intemal 
Program Memory provided the program counter is less that 16384. When EA is held at LOW level during 
reset, the CPU executes out of the extemal Program Memory. The EA pin is latched during reset and is 
"don't care" after reset (note 2). 


Pin 65 alternative 
function: 


EANpp 
65 
The altemative function for pin 65 on the P87CE598 is the programming supply voltage Vpp. 


PO.7- PO.O 
68 -75 
Port 0: 8-bit open drain bidirectional 1/0 port. 


Port 0 alternative 
functions: 


PO.7- PO.OI 
68 -75 
Multiplexed 
low-order 
address 
and data bus for extemal memory (ADO- AD7). Port 0 can sink/source up 
AD7-ADO 
to 8 LSTIL inputs. 


VOO4 
76 
Digital power supply: 
for the Port 0, Port 2, ALE output and ~ 
output. 


VSS4 
77 
Digital ground: 
for the Port 0, Port 2, ALE output and ~ 
output. 


REF 
78 
AVoo/2 reference 
voltage output respectively, input depending on CAN Control Register bit 5. If the 


intemal reference is used, then REF should be connected to AVss via a 10nF (or more) capacitor (note 3). 


CRX1 and CRXO 
79 and 80 
Inputs from the CAN bus line to the differential input comparator of the on-chip CAN-controller. 


A CRXO level higher than that of CRX1 is interpreted as a logical "1" (recessive) and vice versa for a 
logical "0" (dominant). 


N.C. 
23,49, 
No Connection (both SOT318 and SOT351). 
50,66,67 


NOTES: 
1. If the CAN-controller is in the reset state (e.g., after a power-up reset; CAN Control Register bit 0), the CAN transmitter outputs are floating 
and the pins P1.6 and P1.7 can be used as open-drain port pins. After a power-up reset the port data is HIGH, leaving the pins P1.6 and 
P1.7 floating. 


2. 
For P83CXXX microcontrollers specified with the option "ROM-code protection", the EA pin is latched during reset and is "don't care" after 
reset, regardless of whether the ROM-code protection is selected or not. 


3. After an extemal reset (RST = HIGH) the intemal AVoo?2 source is activated and the pin REF is a reference output. During Power-down 
mode the AVool2 source is switched off if the CAN-controller is in the reset state (e.g., after an extemal reset). 
4. To avoid a "latch up" effect at power-on, the voltage on any pin (at any time) must not be higher or lower than Voo+0.5V or Vss-0.5V 
respectively. 


7.0 
LIMITING 
VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


SYMBOL 
PARAMETER 
t~ 
MIN. 
MAX. 
UNIT 


VDD 
Voltage on VDDPin 
-0.5 
+6.5 
V 


VI 
Input voltage on any pin (except from CTXO, CTX1, CRXO and CRX1) 
-0.5 
VDD+0.5 
V 


±1r.lo 
Input/output current on any single I/O pin (except from CTXO and CTX1) 
- 
10 
mA 


lOT 
Sink current of CTXO, CTX1 together 
- 
30 
mA 


-lOT 
Source current of CTXO, CTX1 together 
- 
20 
mA 


P10l 
Tolal power dissipation (note 1) 
- 
1.0 
W 


T'19 
Storage temperature range 
-65 
+150 
°C 


Tamb 
Operating ambient temperature range: 


P87CE598EFO/EFB 
-40 
+85 
°C 


P83CE598FFB 
-40 
+85 
°C 


P83CE598FHB 
-40 
+125 
°C 


NOTE: 
1. This value is based on the maximum allowable die temperature and the thermal resistance of the package, no on device power 
consumption. 


8.0 
DC CHARACTERISTICS 


VDD= 5V (±10%); Vss = OV;Tamb= -40 to +125°C for the P83CE598FHB and Tamb= -40 to +85°C for the P83CE598FFB and P87CE598EFx; 
all voltages with respect to Vss unless otherwise specified. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Supply 


VDD 
Supply voltage range 
4.5 
5.5 
V 


Supply current: 


IDD 
Operating 
fClK = 16MHz; note 1 
- 
50 
mA 


liD 
Idle mode 
fClK = 16MHz; nole 2 
- 
15 
mA 


liS 
Idle and sleep mode 
felK = 16MHz; nole 3 
- 
10 
mA 


IpD 
Power-down mode: 


P83CE598FHB 
- 
150 
f!A 


P83CE598FFB 
- 
100 
f!A 


P87CE598EFB/O 
- 
100 
f!A 


Inputs 


Vil 
LOW level input voltage 
-0.5 
0.2VDD-o·1 
V 
(except EA, CRXO, CRX1) . 


vlll 
LOW level input voltage 
-0.5 
0.2VDD-o·3 
V 


EA 


VIH 
HIGH level input voltage 
0.2VDD+0.9 
VDD+0.5 
V 
(except RST, XTAL 1, CRXO, CRX1) 


VIH1 
HIGH level input voltage 
0.7VDD 
VDD+0.5 
V 


RST and XTAL1 


III 
LOW level input current 
VI = 0.45V 
- 
-50 
f!A 


Ports 1, 2, 3 and 4 


ITl 
Input current HIGH-to-LOW transition 
VI = 2.0V/0.45V 
- 
-650 
f!A 


Ports 1,2,3 
and 4 (except P1.6 and P1.7) 


IUt 
Input leakage current 
0.45V < VI < VDD 
- 
±10 
f!A 


Port 0, EA, STADC, EW, P1.6, P1.7 


IU2 
Input leakage current 
0.45V < VI < VDD 
- 
±1 
f!A 


PortS 


DC CHARACTERISTICS 
(Continued) 
voo = 5V (±10%); vss = OV;Tamb= --40 to +125°C for the P83CE598FHB and Tamb= --40 to +85°C for the P83CE598FFB and P87CE598EFx; 
all voltages with respect to Vss unless otherwise specified. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Outputs 
, 


VOL 
LOW level input current 
IOL= 1.6mA 
- 
0.45 
V 
Ports 1,2,3 
and 4 
notes 5 and 6 


VOL1 
LOW level output voltage 
IOL= 3.2mA 
- 
0.45 
V 
Port 0, ALE, PSm, 
1'WIiilO,PWm, 
P1.6, P1.7 
notes 5 and 6 


VOH 
HIGH level output voltage 
IOH=-60~A 
2.4 
- 
V 
Ports 1,2,3 
and 4 (except P1.6 and P1.7) 
IOH=-25~A 
0.75Voo 
- 
V 


IOH= -10~A 
0.9Voo 
- 
V 


VOH1 
HIGH level output voltage 
IOH=--400~ 
2.4 
- 
V 
Port 0 in external bus mode, ALE, PSm, 
PWMO, PWM1 
IOH= -150~A 
0.75Voo 
- 
V 


IOH= --40~A 
0.9Voo 
- 
V 


note 7 


VOH2 
HIGH level output voltage RST 
IOH= --400~A 
2.4 
- 
V 


IOH= -120~A 
0.8Voo 
- 
V 


RRST 
RST pull-down resistor 
50 
150 
kn 


CliO 
I/O pin capacitance 
test freq. = 1MHz; 
- 
10 
pF 


Tamb= 25°C 


Analog Supply 


AVoo 
Analog supply voltage range 
AVoo = Voo±0.2V 
4.5 
5.5 
V 


Analog supply current: 


Aloo 
Operating 
Port 5 = AVoo 
- 
2.5 
mA 
Allo 
Idle mode 
- 
2.5 
mA 
AilS 
Idle and sleep mode: 
P83CE598FHB 
- 
400 
~A 
P8xCE598xFx 
- 
350 
~A 
Alpo 
Power-down mode: 
P83CE598FHB 
- 
400 
~A 


P8xCE598xFx 
- 
350 
~A 


Analog Inputs 


AVIN 
Analog input voltage 
AVss-Q·2 
AVoo+O.2 
V 


AVREF- 
Reference voltage 
AVss-Q·2 
- 
V 
AVREF+ 
- 
AVoo+0.2 
V 


RREF 
REsistance between AVREF+and AVREF- 
10 
50 
kn 


CIA 
Analog input capacitance 
- 
15 
pF 


tAOS 
Sampling time 
note 8 
- 
, 
8tCY 
~s 


tAoe 
Conversion time (including sample time) 
note 8 
- 
5°ley 
~s 


DL. 
Differential non-linearity 
notes 9, 10, and 11 
- 
±1 
LSB 


IL. 
Integral non-linearity 
notes 9 and 12 
- 
±2 
LSB 


OS. 
Offset error 
notes 9 and 13 
- 
±2 
LSB 


G. 
Gain error 
notes 9 and 14 
- 
±0.4 
% 


A. 
Absolute voltage error 
notes 9 and 15 
- 
±3 
LSB 


Mete 
Channel to channel matching 
- 
±1 
LSB 


Ct 
Crosstalk between P5 inputs 
o to 100kHz 
- 
-60 
dB 


DC CHARACTERISTICS 
(Continued) 


voo = 5V (±10%); vss 
= OV; Tamb= -40 to +125°C for the P83CE598FHB and Tamb= -40 to +85°C for the P83CE598FFB and P87CE598EFx; 


all voltages with respect to Vss 
unless otherwise specified. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


CAN Input Comparator 
(CRXO, CRX1) 


AVoo = 5V ±5%; 


1AV 
< VI < AVoo-1.4V 


VOIF 
Differential input voltage 
note 16 
±32 
- 
mV 


VHYST 
Hysteresis voltage 
note 16 
8 
30 
mV 
II 
Input current 
- 
±400 
nA 


CAN Output Driver 


Voo= 
5V±5% 


VOLT 
CTXO, CTX1, output voltage LOW 
10= 1.2mA; note 16 
- 
0.1 
V 


10= 10mA 
- 
0.5 
V 


VOHT 
CTXO, CTX1, output voltage HIGH 
10= -1.2mA; note 16 
Voo-Q·1 
- 
V 


10=-10mA; 
note 17 
Voo-Q·5 
- 
V 


Reference 
. 


AVoo= 
5V±5% 


VREFOUT 
REF output voltage 
-Q.1mA < IL < 0.1mA; 
AVool2-Q.05 
AVool2-Q.05 
V 
(bit Reference Active = HIGH) 
CL = 10nF; note 16 


IREFIN 
REF input current 
1.5V 
< VREFIN< AVoo-1.5V 
- 
±10 
~A 
(bit Reference Active = LOW) 


NOTES TO DC CHARACTERISTICS: 
1. The operating current is measured with all output pins disconnected: XTAL 1 is driven with tr = tf = 10ns; VIL = Vss + 0.5V; 


VIH = Voo - 0.5V; EA = RST = Port 0 = P1.6 = P1.7 = r:w = Voo; STADC = Vss; 
CRXO = 2.7V; CRX1 = 2.3V. 


2. The idle mode supply current is measured with all output pins disconnected; XTAL1 is driven with t, = tf = 10ns; VIL = Vss + 0.5V; 


VIH = Voo - 0.5V; 
Port 0 = P1.6 = P1.7 = r:w = Voo; EA = RST = STADC = Vss; 
CRXO = 2.7V; CRX1 = 2.3V. 


3. The idle and sleep mode suppiy current is measured with all output pins disconnected; XTAL1 is driven with tr = tf = 10ns; VIL = Vss + 0.5V; 
VIH = Voo - 0.5V; 
Port 0 = P1.6 = P1.7 = r:w = CRXO = Voo; EA = RST = STADC = CRX1 = Vss; 


CAN: register 6: = DOH,register 7: = 12H, register 8: = 02H, register 0: = 20H, wait 15tcY, register 1: = 10H, wait for bit Sleep = 1. 
4. The power-down current is measured with all output pins disconnected; Port 0 = P1.6 = P1.7 = r:w = CRXO = Voo; 


EA = RST = STADC = CRX1 = XTAL 1 = Vss. 
Window devices have to be covered. 
5. 
Under steady state (non-transient) conditions, 10Lmust be limited ex1ernally as follows: 
Maximum IOLper 8 bit port 
PortO: 
36mA 
Port 1: 
32mA 
Ports 2, 3 and 4: 
15mA 


Maximum 10Lfor all output pins: 71mA 
If 10Lexceeds the test condition, VOL may exceed the related specification. Pins are guaranteed to sink current greater than the listed test 
conditions. 


6. 
Capacitive loads on Port 0 and Port 2 may degrade the LOW level output voltage of ALE, Port 1 and Port 3. During a 1-to-0 transition on the 
Port 0 and Port 2 pins and a capacitive load> 
100pF, the ALE LOW level may exceed 0.8V. In the case that it is necessary to connect ALE 


to a Schmitt trigger input respectively, use an address latch with a Schmitt trigger STROBE input. 


7. Capacitive loads on Port 0 and Port 2 may cause a HIGH level voltage degradation of ALE and PSEN below 0.9Voo during the address bits 


are stabilizing. 
8. ley = 12tCLKis the machine cycle time. 
9. AVREF+= 5.12V; 
AVREF_= OV; AVoo = 5.0V. 


10.The differential non-linearity (OLe) is the difference between the actual step width and the ideal step width. 
11.The ADC is monotonic, there are no missing codes. 
12.The integral non-linearity (ILe) is the peak difference between the center of the steps of the actual and the ideal transfer curve after 


appropriate adjustment of again and offset error. 


13.The offset error (OSe) is the absolute difference between the straight line which fits the actual transfer curve after removing gain error, and a 


straight line which fits the ideal transfer curve. The offset error is constant at every point of the actual transfer curve. 


14.The gain error (Ge) is the relative difference in percent between the straight line fitting the actual transfer curve after removing offset error 


and the straight line which fits the ideal transfer curve. The gain error is constant at every point on the transfer curve. 


15.The absolute voltage error (Ae) is the maximum difference between the center of the steps of the actual transfer curve of the not calibrated 


ADC and the ideal transfer curve. 


16. Not tested during production. 
17. Source current for the CTXO, CTX1 outputs together. 
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9.0 
AC CHARACTERISTICS 


P83CE598FFB (FHB): 
Voo = 5V ±10%; Tamb= -40 to +85°C (+125°C); fCLK= 1.2 to 16MHz 


P87CE598EFx: 
Voo = 5V ±10%; Tamb= -40 to +85°C; fCLK= 3.5 to 16MHz 


CL = 1OOpFfor Port 0, ALE and f5SEI\I; CL = 80pF for all other outputs unless otherwise specified. 


fCLK 
16MHz 
12MHz 
VARIABLE CLOCK 


SYMBOL 
(1.2 TO 16MHz) 
UNIT 


PARAMETER 
MIN. 
MAX. 
MIN. 
MAX. 
MIN. 
MAX. 


Ex1ernal Program 
Memory 


tLL 
ALE pulse duration 
85 
- 
127 
- 
2teLK-40 
- 
ns 


tAL 
Address set-up time to ALE 
8 
- 
28 
- 
teLK-55 
- 
ns 


tLA 
Address hold time after ALE 
28 
- 
48 
- 
teLK-35 
- 
ns 


tLiV 
TIme from ALE to valid instruction input 
- 
150 
- 
233 
- 
4teLK-100 
ns 


tLC 
TIme from ALE to control pulse f5SEI\I 
23 
- 
43 
- 
teLK-40 
- 
ns 


tcc 
Control pulse duration f5SEI\I 
143 
- 
205 
- 
3teLK-45 
- 
ns 


tCIV 
TIme from f5SEI\I to valid instruction input 
- 
83 
- 
145 
- 
3teLK-105 
ns 


tCI 
Input instruction hold timer after f5SEI\I 
0 
- 
0 
- 
0 
- 
ns 


telF 
Input instruction float delay after f5SEI\I 
- 
38 
- 
59 
- 
teLl,25 
ns 


tAIV 
Address to valid instruction input 
- 
208 
- 
312 
- 
5teLl,105 
ns 


tAFC 
Address float delay after f5SEI\I 
- 
10 
- 
10 
- 
10 
ns 


External Data Memory 


tAA 
RD pulse duration 
275 
- 
400 
- 
6teLK-100 
- 
ns 


tww 
WR pulse duration 
275 
- 
400 
- 
6teLK-100 
- 
ns 


tAL 
Address set-up time to ALE 
8 
- 
28 
- 
teLK-55 
- 
ns 


tLA 
Address hold time after ALE 
28 
- 
48 
- 
teLl,35 
- 
ns 


tAO 
RD to valid data input 
- 
148 
- 
252 
- 
5teLK-165 
ns 


tOA 
Data hold time after RU 
0 
- 
0 
- 
0 
- 
ns 


toFA 
Data float time after RU 
- 
55 
- 
97 
- 
2teLK-70 
ns 


tLO 
TIme from ALE to valid data input 
- 
350 
- 
517 
- 
8teLK-150 
ns 


tAo 
Address to valid input 
- 
398 
- 
585 
- 
9teLI(""165 
ns 


tLw 
TIme from ALE to RU or WR 
138 
238 
200 
300 
3teLI(""50 
3teLK+50 
ns 


tAW 
TIme from address to RU or WR 
120 
- 
203 
- 
4teLI(""130 
- 
ns 


tWHLH 
TIme from RU or WR HIGH to ALE HIGH 
23 
103 
43 
123 
teLK-40 
tCLK+40 
ns 


towx 
Data valid to WR transition 
3 
- 
23 
- 
teLK~O 
- 
ns 


tow 
Data set-up time before WR 
288 
- 
433 
- 
7tCLK-150 
- 
ns 


two 
Data hold time after WR 
13 
- 
33 
- 
teLK-50 
- 
ns 


tAFA 
Address float delay after RU 
- 
0 
- 
0 
- 
0 
ns 


NOTES TO AC CHARACTERISTICS: 
teLK = 1/fCLK= one oscillator period. 
teLK = 62.5ns at fCLK= 16MHz 


AVOO= 5V ±5%; 
VOIF= ±32mV; 


1.4V < VI < AVoo-1.4V 


=x=:TESTPOINTS:::}<-~-- ::: 


=J 


FLOAT 
C 


24V 
_20V 
_20~ 


cav 
C.8V 
o 45V 


AC testing inputs are driven at 2.4V for a HIGH and 0.45V for a LOW. Timing measurements are taken at 2.0V for a HIGH and 
O.8V for a LOW, see (a). The float state is defined as the point at which a Port 0 pin sinks 3.2mA or sources 400~A at the voltage 
test levels, see (b). 


VARIABLE CLOCK 


SYMBOL 
PARAMETER 
(fClK = 1.213.5to 16MHz) 
UNIT 


MIN. 
MAX. 


IClK 
Oscillator clock period P83CE598 
, 


62.5 
833.3 
ns 


IClK 
Oscillator clock period P87CE598 
62.5 
285.7 
ns 


IHIGH 
HIGH time 
. 
. 
20 
tClK - tLOW 
ns 


lLOW 
LOW lime 


- 
" 
20 
tClK - tHIGH 
ns 
", 


I, 
Rise lime 
I 
- 
20 
ns 


If 
Falitime 
- 
20 
ns 


fClK 
16MHz 
12MHz 
VARIABLE CLOCK 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
MIN. 
MAX. 
MIN. 
MAX. 
UNIT 


tXlXl 
Serial Port clock cycle liming 
0.75 
- 
1.0 
- 
12tClK 
- 
ms 


tOVXH 
Output dala setup to clock rising edge 
492 
- 
700 
- 
1OtClK-133 
- 
ns 


tXHOX 
Output dala hold after clock rising edge 
8.0 
- 
50 
- 
2tClK-117 
- 
ns 


IXHDX 
Inpul data hold after clock rising edge 
0 
- 
0 
- 
0 
- 
ns 


IXHDV 
Clock rising edge 10 inpul dala valid 
- 
492 
- 
700 
- 
1°lclK-133 
ns 


r- IXlXl--1 


~ 


I-IXHOX 
I 
IOVXH 
I 
OUTPUT 
DATA, 
~ 


t 
~~X 
__ 
X__ 
X__ 
~X__ 
~X__ 
~X__ 
~7 


WRITE 
TO SBUF 


IXHDV.1-11- 
IXHDX 
t 
I 
SETTI 
INPUT 
DATA 


~' 


CLEAR 
AI 


10.0 
EPROM 
CHARACTERISTICS 
The P87CE598 has an on-chip 32 kbyte 
EPROM for fast and flexible controller 
software development. Two versions are 
available: one in a ceramic QFP package 
with window for UV-erasure (P87CE598 
EFQ) and a low-cost OTP (One Time 
Programming) version in a Plastic Quad Flat 
Pack (PQFP) package (87CE598EFB), which 
is not erasable. 


10.1 
Programming 
and 
Verification 
The 87CE598 is programmed by using a 
modified Quick-Pulse Programming algorithm 
(Trademark algorithm of Intel Corporation). In 
Table 4 "EPROM Programming Modes" the 
logic levels for reading the Signature bytes 
and for programming the Program Memory 
the Encryption Table and the Lock bits are 
listed. The circuit configuration and 
waveforms for programming are shown in 
Figures 11 and 12. Figure 13 shows the 


circuit configuration for code data verification. 
Note that programming and verification is 
done with and oscillator frequency of 4 to 
6MHz. The two Signature bytes identifying 
the device as a P87CE598 manufactured by 
Philips are located as shown in Table 3. 


ADDRESS 
CONTENT 
MEANING 


30H 
15H 
Philips 


31H 
9CH 
P87CE598 


10.2 
Security 
For code protection the P87CE598 has an 
Encryption table and two Lock bits. After 
programming the Encryption table from 
addresses 0 to 1FH, a verification sequence 
will present the data at Port 0 as a logical 
EXNOR of the program byte with one of the 
Encryption bytes. The Encryption table is not 
readable. The purpose of Lock bit 1 is to 


inhibit programming. It is impossible to fetch 
code bytes from the internal Program 
Memory with MOVC-instructions executed 
from external memory. However, verification 
of the EPROM and programming of the 
second Lock bit is still possible. Lock bit 2 
additionally disables verification of the 
program code. Note that for further security 
the EA input level of the P8xCE598 is latched 
during Reset. 


10.3 
Erasure 


A controlled erasure is done by exposing the 
EPROM window to an ultraviolet lamp of 


121lW/cm2 
for 20 to 39 minutes at a distance 


of approximateiy 2.5cm. The integrated dose 
of the ultraviolet light (2537 Angstroms) must 
be at least 15Ws/cm2. 
Erasure leaves the 


array in an all logic 1s state. 


To avoid inadvertent erasure of the EPROM 
in sunlight or fluorescent lighting it is 
recommended to cove the window with an 
opaque label. 


MODE 
RST 
J5SEN 
ALEIPImG 
EJVvpp 
P2.7 
P2.6 
P3.7 
P3.6 


Read Signature 
HIGH 
LOW 
HIGH 
HIGH 
LOW 
LOW 
LOW 
LOW 


prog ram code data 
HIGH 
LOW 
LOW (note 1) 
Vpp (note 1) 
HIGH 
LOW 
HIGH 
HIGH 


Verify code data 
HIGH 
LOW 
HIGH 
HIGH 
LOW 
LOW 
HiGH 
HIGH 


Pgm.Encrypt.table 
HIGH 
LOW 
LOW (note 1) 
Vpp (note 1) 
HIGH 
LOW 
HIGH 
LOW 


Program Lock bit 1 
HIGH 
LOW 
LOW (note 1) 
Vpp (note 1) 
HIGH 
HIGH 
HIGH 
HIGH 


Program Lock bit 2 
HIGH 
LOW 
LOW (note 1) 
Vpp (note 1) 
HIGH 
HIGH 
LOW 
LOW 


NOTE: 
1. ALEfF5JiOOreceives 25 programming pulses while Vpp is held at 12.75V ±O.25V. 


Each programming pulse is LOW for 100lls ±10IlS and HIGH for at least 10IlS. 


25 
100 Ils - PULSES TO GROUND 


LOW 


HIGH 


LOW 


~101lS1 
1-·---1OOllSt10 


""----- 
__ 
----Inlo- 
----'rL 


Table 5. EPROM 
Programming 
and Verification 
Characteristics 


VDD ; 
5V ±1 0%; vss; OV; Tamb ; 
21·C 
to 27·C 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply 
current 
- 
50 
mA 


fClK 
Oscillator 
frequency 
4 
6 
MHz 


tAVGl 
Address 
set-up 
to J5FlOO LOW 
48 tClK 
- 
- 


tGHAX 
Address 
hold 
after J5FlOO HIGH 
48 tClK 
- 
- 


tDVGl 
Data 
set-up 
to J5FlOO LOW 
48 tClK 
- 
- 


!GHDX 
Data 
hold after J5FlOO HIGH 
48tClK 
- 
- 


tEHSH 
P2.7 (EliiASCE) 
HIGH 
to Vpp 
48tClK 
- 
- 


tSHGL 
Vpp 
set-up 
to J5FlOO LOW 
10 
- 
~s 


tGHSl 
Vpp 
hold 
after J5FlOO HIGH 
10 
- 
~s 


tGLGH 
J5FlOO pulse 
width 
90 
110 
~s 


tAVQV 
Address 
to data 
valid 
- 
48 !eLK 
- 


tELQV 
P2.7 (ElIIAB[E) LOW 
to data 
valid 
- 
48 !eLK 
- 


tEHQZ 
Data 
float 
after 
P2.7 (EJilASIT) 
HIGH 
: 
0 
48 !elK 
- 


tGHGL 
J5FlOO HIGH 
to J5FlOO LOW 
10 
- 
~s 


!GHDX 


!GHAX 


11.0 
CAN APPLICATION 
INFORMATION 


11.1 
Latency Time Requirements 


Real-time 
applications 
require 
the ability 
to process 
and transfer 
information 
in a limited 
and predetermined 
period 
of time. 
If knowing 
this total 


time 
and the time 
required 
to process 
the information, 
the (maximum 
allowed) 
transfer 
delay 
time 
is given. 
It is measured 
from 
the initiation 
of 


the transfer 
up to the signalling 
of reception. 
For instance, 
this is the period 
of time 
between 
programming 
the CAN 
Command 
Register 
bit 0 


(Transmission 
Request) 
to HIGH and the time 
getting 
an interrupt 
at a receiving 
CAN-device 
(due 
to the reception 
of the respective 
message). 


The 
maximum 
allowed 
bit-time 
(tBIT) due to latency 
time 
requirements 
can 
be calculated 
as: 


(1) tBIT'; 
tMAX TRANSFER TIME I (nBIT, MAX LATENCY + nBIT. MESSAGE)' 


the maximum 
allowed 
transfer 
deiay 
time 
(application-specific); 


the maximum 
latency 
time 
(in terms 
of number 
of bits), 
which 
depends 
on the actual 
state 
of the 


CAN 
network 
(e.g., 
another 
message 
already 
on the network); 


the number 
of bits of a message; 
it varies 
with 
the number 
of transferred 
data 
bytes 
nDATA BYTES (0 .8) 


and Stuffbits 
like: 


(2) 44 + 8.nDATA BYTES'; 
nBIT. MESSAGE'; 
nBIT. MESSAGE'; 
52 + 1O.nDATA BYTES 


tMAX TRANSFER TIME: 


nBIT, MAX LATENCY: 


Example: 


For the calculation 
of nBIT. MAX LATENCY the following 
is assumed 
(the term 
"our 
message" 
refers 
to that 
one the latency 
lime 
is 
calculated 
for): 


• 
Since 
at maximum 
one-bit-time 
ago another 
CAN 
Controller 
is transmitting 


• 
A single 
error 
occurs 
during 
the transmission 
of that 
message 
preceding 
ours, 
leading 
to the additional 
transfer 
of one 
Error 
Frame. 


• 
"Our 
message" 
has the highest 
priority. 


giving: 


(3) nBIT, MAX LATENCY" 
44 + 8.nDATA BYTES, WORST CASE +18; 


nBIT. MAX LATENCY'; 
52 + 1O.nDATA BYTES. WORST CASE +18; 


The 
additional 
18 bits are due to the Error 
Frame 
and the 
Intermission 
Field 
preceding 
our message. 
nDATA BYTES. WORST CASE 
denotes 
the number 
of data 
bytes 
contained 
by the longest 
message 
being 
used 
in a given 
CAN 
network. 


STATEMENT 
COMMENTS 


tMAX TRANSFER TIME = 10ms 
assumption; 


nDATA BYTES. WORST CASE = 6 
longest 
message 
in that 
network; 
assumption; 


nDATA BYTES = 4 
our message; 
assumption; 


nBIT. MAX LATENCY'; 
130 
using 
equation 
(3); 


nMESSAGE ,; 92 
using 
equation 
(2); 


tBiT'; 
10ms/(130 
+ 92) = 45flS 
using 
equation 
(1). 


11.2 
Connecting 
a P8xCE598 
to 
a Bus Line (Physical 
Layer) 


On-Chip Transceiver 
the P8xCE598 features an on-chip differential 
transceiver including output driver and input 
comparator both being configurable (see 
Figure 15). Therefore it supports many types 
of common transmission media such as: 


• Single wire bus line 


• Two-wire bus line (differential) 


• Optical cable bus line. 


The P8xCE598 can directly drive a 
differential bus line. An example is given in 
Figure 16 for a bus line having a 
characteristic impedance of 1200. Direct 
interfacing to the bus line is well suited for 
appiications with limited requirements 
concerning electromagnetic susceptibility, 
wiring failure tolerance and protection against 
transients. 


Transceiver for In-Vehicle Communication 
Figure 17 shows a versatile transceiver 
implementation designed for automotive 
applications. It features a bit rat of up to 1 
Mbit/s and dissipates low power during 
standby (1.4mA). thus it is suitable also for 


applications requiring a sleep mode function 
with system activation via the bus line. The 
transceiver provides an extended common 
mode range for high electromagnetic 
susceptibility performance. 


Two external driver transistors amplify the 
output current to 35mA typically and provide 
protection against overvoltage conditions on 
the bus line (e.g., due to an accidental 
short-circuit between a bus wire and battery 
voltage). The serial diodes prevent, in 
combination with the transistors, the bus from 
being blocked in case of a bus not powered. 
More than 32 nodes may be connected to the 
bus line. 


Detection and Handling of Bus Wiring 
Failures 
Using the P8xCE598 a superior wiring failure 
tolerance and detection performance can be 
achieved. This requires both bus lines to be 
mutually decoupled as shown in Figure 18. 
Each bus wire is based separately to a 
reference voltage of AVoo/2. 


The diodes 
suppress 
reverse 
current 
in case 
of a termination circuit being not properly 
powered or a bus line being short-circuited, 
i.e., to a voltage higher than 5V. Applying this 
bus termination circuit the following wiring 


failures on the bus are detectable and can be 
handled: 


• Interruption of one bus wire at any location 


• Short-circuit of one bus wire to ground or to 


battery voltage 


• Short-circuit between the bus wires. 


A bus failure can be detected, e.g., by a drop 
out of a status message, regularly being 
transmitted on the bus. If a bus wire is 
corrupted, the following actions have to be 
taken: 


• Switch the corresponding comparator input 


over to a reference voltage of AVoo/2 


• Disable the corresponding output driver 


stage. 


As a consequence, communication will 
continue on that bus wire not being 
corrupted. The required reference voltage 
and the switches for the comparator inputs 
are provided on-chip. An output driver stage 
can be disabled by reconfiguration of the 
on-chip output driver (reprogramming of the 
Output Control register of the P8xCE598). To 
find out which of the bus wires is corrupted, a 
heuristic method is applied. 


OUTPUT CONTROL 
REGISTER 
I 
101010108 
(AAH) 
I 


L 
[}--lJ 


CTXO 
J 
P8XCE598 
U-+5V 


CTX1 
CRXO 


OUTPUT 
COf<ITROL 
REGISTER 


11111010B (FAH) 
Of 1010101 OB (AAH) 


I 
~ 
I 
R3 
R4 
I 
I 
I 
I 
I 
I 
+5V 
I 
I 
I 
I 
I 
~ 
~ 
M 
I 
10n 
4.53kn 
4.53kn 
I 
I 
I 
I 
BUS NODE 
L 
~ 


CAN BUS~N~) 
~ 
1~0 


1lUJZJ1 


r---- 


C1 == 
1oonFl .... 


R1 
120 11 


r---- 


C2 == 


100 nFl. .•. 


r--------------.., 
I 
I 
I 
I 


: 
BUS NODE 
: 
I 
I 
I 
I 
I 
I 
L 
..J 


C5 == 
1OOnF! 


Connection 
to an Optical 
Bus Line 
Using an optical medium provides the 
following advantages: 


• Bus nodes are galvanically decoupled 


• Optical cable features very high noise 


immunity 


• No noise emission by the bus cable. 


An example for an interface to an optical 
connector is given in Figure 19. In most 
cases a transistor is required to amplify the 
TX-output current. Thus more optical power 
is provided to compensate for losses in the 
optical connectors and the optical star. The 
P8xCE598 feature an on-chip AVDoI2 
reference voltage output so only a capacitor 


is required for the receiver part. Two optical 
fibres are used to connect the bus nodes. 
The TX-fibre transfers the output signal of the 
CAN Controller to the optical star. The optical 
star transfers the TX-fibre input signal over to 
all the RX-fibres. The RX-fibres transfer the 
resulting optical signal over to the receivers 
of all the bus nodes. 


OUTPUT CONTROL 
REGISTER 


000111106 
(IEH) 
or 000101106 
(16H) 


P8XCE598 


CTXO 
CTXl 
CRXO 


R2 


Tl 
6S170 


RI 
C2 


560 
+5V 
+5V 


OPTICAL 
CONNECTOR 
H6FR·0501 
SERIES 


CAN Interrupt 
Handler Software 
Example 


Software example for P8xCE598 CAN interrupt handler (including fast DMA transfer) 


1~ 
3 
• 
5 
6 
7 
8 


9 
10 
11 
l~ 
13 
U 
15 
16 
17 
18 
19 
~O 
~l 
~~ 
~3~. 
~5 
~6 
~7 
~8 
~9 
OODB 
30 
OODA 
31 
00D9 
3~ 
00D8 
33 
3. 
35 
000. 
36 
0096 
37 
38 
39 
oou 
.0 
u.~ 
OOlF 
B 
OCEO 
U 
.5 
.6 
.7 
U 
OO~B 0~0080 .9 
50 
51 
5~ 
53 
OO~O 
5. 
55 


$TITLE 
(8XCE598 CAN interrupt-handler) 


$NOSYKBOLS NOPAGING 


IVery 
fast 


;0 
;0 
;0 


receive-routine 
for 
the 
8XCE598. 
Xt: 
is embedded 
in the interrupt-handler 
for the CAN Controller, 


uses the DNA-logic 
and 
handles 
up to eight different 
messages 
(if these have the same leading 8 identifier-bits). 


;To allow 
for faster 
receive-routine, 
it 
is assumed 
that all other 
routines 
;aeeessing 
the CAN Controller 
disable 
the 
interrupt 
of the CAN Controller 
;(IENO.S) 
during 
their execution. 


;Veraion: 


;Date: 


;Author: 
,at: 


1.0 
1~-April-90 
Bernhard 
Reckeis 


Philips 
Components 
Application 
Lab., 
Hamburg 
(PCALH) 


,addresses 


CANADR 
CANDAT 
CANCON 
CANSTA 


of Special 
EQU 
EQU 
EQU 
EQU 


Function 
ODBH 
ODAH 
OD9H 
OD8H 


1commands 
for the CAN Controller 
/ DNA logic 


CAN_RBF_REL 
EQO 
000001008 
;Release 
Receive 
Buffer 


CAN_RX_DMA 
EQU 
80H + ~~ 
;Rx DNA-transfer 


;masks 
INT_FLAG_MASK 
EQU 
ID~_O_MASK 
EQU 


56 
0000 
57 
0001 
58 
0002 
59 
0003 
60 
0004 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
0080 
COoo 
75 
0082 
COEO 
76 
77 
78 
79 
80 
81 
82 
0084 
E509 
83 
0086 
541F 
84 
0088 
F520 
85 
86 
87 
88 
89 
008A 100000 90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
0080 750B15 104 
0090 E5DA 
105 
106 
107 
108 
0092 54EO 
109 
0094 C4 
110 
0095 03 
111 
112 
113 
114 
115 
0096 2415 
116 
0098 83 
117 
118 
119 


CAN_INT_RX: 
CAN_INT_TX: 
CAN_INT_KR: 
CAN_INT_OV: 
CAN_INT_WK: 


;=CAN 
INT 
IMAGE.O 


;=CAN_INT_IMAGE.l 
;=CAN_INT_IMAGE.2 


;=CAN 
INT 
IMAGE.3 
;=CAN_INT_IMAGE.4 


OBIT 
OBIT 
OBIT 
OBIT 
OBIT 


;store 
the 
CAN 
Controller'S 
Interrupt 
Register 
contents 


;(here: 
at 
a 
bit-addressable 
location). 


;This 
is 
necessary 
because 
after 
reading 
the 
Interrupt 
Register 


;its 
contents 
is 
cleared, 
but 
- 
OD 
the 
other 
hand 
- 
several 
flags 


;may 
be 
set 
in 
coincidence. 
MOV 
A, 
CANON 


ANL 
A, 
#INT_FLAG_MASK 
;only 
interrupt-flags 
MOV 
CAN_INT_IMAGE, 
A 


CAN_RX_SERVE 


;read 2nd Descriptor-Byte 
from the ax-Suffer 
(address 21) 


MOV 
CANADR, 
#CAN_REF 
+ 
1 


MOV 
A. CANDAT 


;determine 
the destination 
address 
in data-memory 
for the 


;message's 
Data-pield 


ANL 
A, 
#ID2_0_MASK 
;use 
ID.2 
IO.O 
only 
SWAP 
A 


RR 
A 
;A 
= 
4*ID.2 
+ 
2*IO.l 
+ 
ID.O 
;this 
value 
is 
used 
as 
an 
index 
for 
an 
array 
of 
8 
bytes 


;containing 
the 
destination-addresses 
for 
the 
8 
different 


;messages. 
Note, 
that 
the 
iRX_ARRAY_START 
- 
RX_ARRAY_OFFSET 


;program 
counter-relative 
access 
to 
the 
array. 
ADD 
A, 
IRX_ARRAY_START 
- 
RX_ARRAY_OFFSET 


MOVC 
A, 
@A + 
PC 


RX_ARRAY_OFFSET: 


OOAS ES20 
00A7 
70E4 


00A9 
DOEO 
OOAB DODO 
OOAD 32 


iif 
a message 
passes 
the acceptance-filter 
of the CAN 
;Controller, 
but the CPO doesn't 
need it, 
the array 
;entry's value may be 
Bet 
to zero indicating 
this. 


;The 
following 
<jz> 
instruction 
cares 
for 
this. 
JZ 
CAlCRJ,-READY 


;now copy the Data-Field 
(only) from CAN- 
to CPU memory 
jwith the aid of the DNA-logic. 
note, 
that a TX-DMA 
is 
;performed 
when writing 
8AR 
(DMA + address 
10) into CANADR 


land a RX-DNA 
is performed 
when writing 
94H 
(DMA + address 
20) 


i ••• 
9DB 
(DMA + address 
29) into CANADR. 
Here address 
22 is 


iused to copy just the Data-Field. 
MOV 
CANSTA.A 
MOV 
CANADR. 
#CAN_RX_DMA 


;the DNA-transfer 
is done 
in at maxLmum 
2 instruction 
cycles. 


inuring the transfer, 
neither 
the data-memory 
(RAM) nor one 


;0£ the SPRs CANADR, 
CANDAT, 
CANCON 
and 
;CANSTA may be accessed 
by the CPU. 


;For 8~licity, 
two NOPs 
are used here. 
NOp 


NOP 


iafter reading 
the Rx-Buffer 
it must be released 
back 
to 
ithe CAN Controller. 
In coincidence, 
the Clear 
Overrun 
bit 


i(CANCON.3) 
may be set, regardless 
of an existing 
or 
inon-existing 
data overrun. 
CAN RX_READY: 


MOV 
CANCON. 
#CAN_RBl"_REL 


;if no other 
interrupt-flag 
is set, the interrupt-handler 


;for the CAN Controller 
can be 
left. Otherwise 
further 


;services 
are required. 
MOV 
A, CAN_INT_IMAGE 


JNZ 
INT_TESTl 


;no other 
service 
is required, 
so the interrupt-handler 


;is left. 
POP 
ACC 
POP 
PSW 
RETI 


lend of Rx-serve------------------------------------ 
_ 


ihere the array 
follows 
containing 
8 destination-addresses 


;for up to 8 different 
messages 
to be received. 
The values 


;are fully application-specific 
(the values 
below 
show an 
;example 
only). 


RX ARRAY_START: 


DB 


DB 


DESCRIPTION 
The PBOC6521B3C652Single-Chip B-Bit 
Microcontroller is manufactured in an 
advanced CMOS process and is a derivative 
of the BOC51microcontroller family. The 
BOC6521B3C652has the same instruction set 
as the BOC51.Three versions of the 
derivative exist: 


B3C652 - 
Bk bytes mask programmable 
ROM 


BOC652- 
ROMless version 


BOC652- 
EPROM version (described in a 
separate chapter) 


This device provides architectural 
enhancements that make it applicable in a 
variety of applications for general control 
systems. The BXC652 contains a non-volatile 
Bk X B read-only program memory, a volatile 


256 x B read/write data memory, four B-bit 
I/O ports, two 16-bit timer/event counters 
(identical to the timers of the BOC51), a 
multi-source, two-priority-Ievel, nested 
interrupt structure, an 12C interface, UART 
and on-chip oscillator and timing circuits. For 
systems that require extra capability, the 
BXC652 can be expanded using standard 
TTL compatible memories and logic. 


The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-byte, 45 two-byte and 17 
three-byte. With a 16(24)MHz crystal, 5B% of 
the instructions are executed in 0.75(O.5)~s 
and 40% in 1.5(1)~s. Multiply and divide 
instructions require 3(2)~s. 


• BOC51central processing unit 


• Bk X B ROM expandable externally to 
64k bytes 


• 256 X B RAM, expandable externally to 
64k bytes 


• Two standard 16-bit timer/counters 


• Four B-bit I/O ports 


• 
12C-bus serial I/O port with byte oriented 
master and slave functions 


• Full-duplex UART facilities 


• Power control modes 


- 
Idle mode 


- 
Power-down mode 


• ROM code protection 


• Extended frequency range: 1.2 to 24 MHz 


• Three operating ambient temperature 


ranges: 


o to 
+70°C 


- -40 to +B5°C 


- -40 to +125°C 


P2.7/A15 


P2.61A14 


P2.5/A13 


P2.41A12 


P2.31Al1 


P2.21Al0 


XTAl1 
P2.lIA9 


P2.OIA8 


CERAMIC 
AND PLASTIC 
LEADED 
PLASTIC 
QUAD FLAT PACK 
CHIP CARRIER 
PIN FUNCTIONS 
PIN FUNCTIONS 


39 
33 


17 
29 
11 
23 


18 
28 


12 
22 


Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 


1 
NC 
23 
NC 
1 
Pl.5 
23 
P2.5/A13 


2 
Pl.D 
24 
P2.0fAB 
2 
P1.61SCL 
24 
P2.61A14 


3 
Pt.t 
25 
P2.1/A9 
3 
P1.7/SDA 
25 
P2.7/A15 


4 
Pt.2 
26 
P2.2JA10 
4 
RST 
26 
!'SEll 


5 
P1.3 
27 
P2.31Al1 
5 
P3.OIRxD 
27 
ALE 


6 
Pl.4 
28 
P2.4/A12 
6 
VSS4 
28 
VSS2 


7 
Pl.5 
29 
P2.51A13 
P3.1fTxD 
29 
EJWpp 


8 
P1.61SCL 
30 
P2.61A14 
8 
P3.2IIl'ITO 
30 
PO.l/AD7 


9 
Pt,7/SDA 
31 
P2.7/A15 
9 
P3.3IIf'ITI 
31 
PO.61AOS 


10 
RST 
32 
!'SEll 
10 
P3.4fTO 
32 
PO.5/AD5 


11 
P3.OIAxD 
33 
ALE 
11 
P3.5lTl 
33 
PO.41AD4 


12 
NC 
34 
NC 
12 
P3.6IWR 
34 
PO.31AD3 


13 
P3.1fTxD 
35 
b1\ 


13 
P3.71Rll 
35 
PO.2JAD2 


14 
P3.2IIl'ITO 
36 
PO.l/AD7 
14 
XTAL2 
36 
PO.l/ADt 


15 
P3.3IIf'ITI 
37 
PO.61AOS 
15 
XTAll 
37 
PO.OIAOO 


'6 
P3.4fTO 
38 
PO.S/AD5 


17 
P3.5IT1 
39 
PO.4/AD4 
16 
VSSI 
38 
VDD 


18 
P3.6IWR 
40 
PO.31AD3 
17 
NC 
39 
VSS3 


19 
P3.7/RO 
4' 
PO.21AD2 
18 
P2.0IA8 
40 
P1.0 


20 
XTAL2 
42 
PO.l/ADt 
19 
P2.1/A9 
41 
Pl.l 


21 
XTALl 
43 
PO.OIAOO 
20 
P2.2JA10 
42 
Pl.2 


22 
VSS 
44 
VDD 
21 
P2.31Al1 
43 
P1.3 


22 
P2.4/AI2 
44 
Pl.4 


NOTES TO QFP ONLY: 
1. 
Due to EMC improvements. all Vss pins 
(6, 16. 28. 39) must be connected to VSS 
on the 80C652183C652. 


PHILIPS 
PHILIPS NORTH AMERICA 
PART ORDER NUMBER 
TEMPERATURE 


PART MARKING 
PART ORDER NUMBER 
RANGE (OC) 
FREQ 


ROMless 
ROM3 
Drawing 
ROMless 
ROM 
AND PACKAGE 
MHz1,2 
Number 


P80C652FBP 
P83C652FBP/xxx 
SOT129 
S80C652FBPN 
S83C652FBPN 
o to +70, Plastic Dual In-line Package 
16 


P80C652FBA 
P83C652FBAlxxx 
SOT187 
S80C652FBAA 
S83C652FBAA 
o to +70, Plastic Leaded Chip Carrier 
16 


P80C652FBB 
P83C652FBB/xxx 
SOT307-24 
S80C652FBBB 
S83C652FBBB 
o to +70, Plastic Quad Flat Pack 
16 


P80C652FFP 
P83C652FFP/xxx 
SOT129 
S80C652FFPN 
S83C652FFPN 
--40 to +85, Plastic Dual In-line Package 
16 


P80C652FFA 
P83C652FFAlxxx 
SOT187 
S80C652FFAA 
S83C652FFAA 
--40 to +85, Plastic Leaded Chip Carrier 
16 


P80C652FFB 
P83C652FFB/xxx 
SOT307-24 
S80C652FFBB 
S83C652FFBB 
--40 to +85, Plastic Quad Flat Pack 
16 


P80C652FHP 
P83C652FHP/xxx 
SOT129 
S80C652FHPN 
S83C652FHPN 
-40 to +125, Plastic Dual In-line Package 
16 


P80C652FHA 
P83C652FHAlxxx 
SOT187 
S80C652FHAA 
S83C652FHAA 
--40 to +125, Plastic Leaded Chip Carrier 
16 


P80C652FHB 
P83C652FHB/xxx 
SOT307-24 
S80C652FHBB 
S83C652FHBB 
--40 to +125, Plastic Quad Flat Pack 
16 


'" 


P80C6521BP 
P83C6521BP/xxx 
SOT129 
S80C6521BPN 
S83C6521BPN 
o to +70, Plastic Dual In-line Package 
24 


P80C6521BA 
P83C6521BAlxxx 
SOT187 
S80C6521BAA 
S83C6521BAA 
o to +70, Plastic Leaded Chip Carrier 
24 


P80C6521BB 
P83C6521BB/xxx 
SOT307-24 
S80C6521BBB 
S83C6521BBB 
o to +70, Plastic Quad Flat Pack 
24 


P80C6521FP 
P83C6521FP/xxx 
SOT129 
S80C6521FPN 
S83C6521FPN 
--40 to +85, Plastic Dual In-line Package 
24 


P80C6521FA 
P83C6521FAlxxx 
SOT187 
S80C6521FAA 
S83C6521FAA 
--40 to +85, Plastic Leaded Chip Carrier 
24 


P80C6521FB 
P83C6521FB/xxx 
SOT307-24 
S80C6521FBB 
S83C6521FBB 
--40 to +85, Plastic Quad Flat Pack 
24 


NOTES: 
1. 80C652 and 83C652 frequency range is 1.2MHz-16MHz 
or 1.2 to 24MHz. 
2. 
For specification of the EPROM version, see the 87C652 data sheet. 


3. 
xxx denotes the ROM code number. 


4. 
SOT311 replaced by SOT307-2. 


TEMPERATURE 
RANGE (OC) 
FREQ 


EPROM2 
Drawing 
AND PACKAGE 
MHzl,2 
Number 


S87C652-4N40 
0415C 
o to +70, Plastic Dual In-line Package 
16 


S87C652-4F40 
0590B 
o to +70, Ceramic Dual In-line 
16 
Package wlWindow 


S87C652-4A44 
0403G 
o to +70, Plastic Leaded Chip Carrier 
16 


S87C652-4K44 
1472A 
o to +70, Ceramic Leaded Chip Carrier 
16 
wlWindow 


S87C652-4B44 
1118D 
o to +70, Plastic Quad Flat Pack 
16 


S87C652-5N40 
0415C 
-40 to +85, Plastic Dual In-line Package 
16 


S87C652-5F40 
0590B 
-40 to +85, Ceramic Dual In-line Package 
16 
wlWindow 


S87C652-5A44 
0403G 
-40 to +85, Plastic Leaded Chip Carrier 
16 


S87C652-5K44 
1472A 
-40 to +85, Ceramic Leaded Chip Carrier 
16 
wlWindow 


S87C652-5B44 
1118D 
-40 to +85, Plastic Quad Flat Pack 
16 


S87C652-7N40 
0415C 
o to +70, Plastic Dual In-line Package 
20 


S87C652-7F40 
0590B 
o to +70, Ceramic Dual In-line Package 
20 
wlWindow 


S87C652-7 A44 
0403G 
o to +70, Plastic Leaded Chip Carrier 
20 


S87C652-7K44 
1472A 
o to +70, Ceramic Leaded Chip Carrier 
20 
wlWindow 


S87C652-8N40 
04~5C 
-40 to +85, Plastic Dual In-line Package 
20 


S87C652-8F40 
0590B 
-40 to +85, Ceramic Dual In-line Package 
20 
wlWindow 


S87C652-8A44 
0403G 
-40 to +85, Plastic Leaded Chip Carrier 
20 


S87C652-8K44 
1472A 
-40 to +85, Ceramic Leaded Chip Carrier 
20 
wlWindow 


FREQUENCY 
REFERENCE 
,-----'----, 


XTAL.2 
XTAL1 


COUNTERS 
,-----'----, 


TO 
T1 


----------1 


I 
I 
I 
I 
I 
I 
I 
I 


DATA 
MEMORY 
(256 x8 
RAM) 


I 
I 
I 
I 
I 
I 


PROG 
SERIAL 
PORT 
I 


s~~'H~~~~JsUt~h 
I 
---j---------_! 


INTO 
INTl 


L-..,------J 


EXTERNAL 
INTERRUPTS 


SDj 
SHARED 
WITH 
SCL 
PORT 
1 


PIN NUMBER 


MNEMONIC 
DIP 
PLCC 
QFP 
TYPE 
NAME AND FUNCTION 


VSS 
20 
22 
6,16, 
I 
Ground: 
OV reference. With the QFP package all Vss pins (VSS1to VSS4)must be 
28,39 
connected. 


VDD 
40 
44 
38 
I 
Power Supply: This is the power supply voltage for normal, idle, and power-down 
operation. 


PO.O-O.7 
39-32 
43--.'36 
37-30 
1/0 
Port 0: Port 0 is an open-drain, bidirectional 1/0 port. Port 0 pins that have 1s written to 
them float and can be used as high-impedance inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to external program and data memory. In 
this application, it uses strong internal pull-ups when emitting 1s. 


P1.o-P1.7 
1-8 
2-9 
40-44, 
1/0 
Port 1: Port 1 is an 8-bit bidirectional 1/0 port with internal pull-ups, except P1.6 and P1.7 


1-3 
which are open drain. Port 1 pins that have 1s written to them are pulled high by the 
internal pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled 
low will source current because of the internal pull-ups. (See DC Electrical Characteristics: 
IILl. Alternate functions include: 
P1.6 
7 
8 
2 
1/0 
SCL: 12C-busseriai port clock line. 


P1.7 
8 
9 
3 
1/0 
SDA: 12C-busserial port data line. 


P2.o-P2.7 
21-28 
24-31 
18-25 
1/0 
Port 2: Port 2 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 2 pins that have 1s 
written to them are pulled high by the internal pull-ups and can be used as inputs. As 
, 
inputs, port 2 pins that are externally being pulled low will source current because of the 
internal pull-ups. (See DC Electrical Characteristics: IILl. Port 2 emits the high-order 
address byte during fetches from external program memory and during accesses to 
external data memory that use 16-bit addresses (MOVX @DPTR). In this application, it 
uses strong internal pull-ups when emitting 1s. During accesses to external data memory 
that use 8-bit addresses (MOV @Ri), port 2 emits the contents of the P2 special function 
register. 


P3.o-P3.7 
10-17 
11, 
5, 
1/0 
Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3 pins that have 1s 
13-19 
7-13 
written to them are pulled high by the internal pull-ups and can be used as inputs. As 
inputs, port 3 pins that are externally being pulled low will source current because of the 
pull-ups. (See DC Electrical Characteristics: IILl. Port 3 also serves the special features of 
the 80C51 family, as listed below: 


10 
11 
5 
I 
RxD (P3.0): Serial input port 
11 
13 
7 
0 
TxD (P3.1): Serial output port 
12 
14 
8 
I 
IRTll (P3.2): External interrupt 
13 
15 
9 
I 
INTf (P3.3): External interrupt 
14 
16 
10 
I 
TO (P3.4): 1imer 0 external input 
15 
17 
11 
I 
T1 (P3.S): 1imer 1 external input 


16 
18 
12 
0 
WI'! (P3.6): External data memory write strobe 
17 
19 
13 
0 
RO (P3.7): External data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to VDD. 


ALE 
30 
33 
27 
1/0 
Address 
Latch Enable: Output pulse for latching the low byte of the address during an 
access to external memory. In normal operation, ALE is emitted at a constant rate of 1/6 
the oscillator frequency. Note that one ALE pulse is skipped during each access to external 
data memory. 


PSEl'J 
29 
32 
26 
0 
Program Store Enable: Read strobe to external program memory via Port 0 and Port 2. It 
is activated twice each machine cycle during fetches from the external program memory. 
When executing out of external program memp~JNo 
activations of PSEl'J are skipped 
during each access to external data memo~ 
is not activated (remains HIGH) during 
no fetches from external program memory. 
can sink/source 8 LSTIL 
inputs and can 
drive CMOS inputs without external pull-ups. 


EA 
31 
35 
29 
I 
External Access: 
If during a RESET, EA is held at TIL, level HIGH, the CPU executes out 


of the internal pro~m 
memory ROM provided the Program Counter is less than 8192. If 
during a RESET, 
is held a TIL LOW level, the CPU executes out of external program 
memory. EA is not allowed to float. 


XTAL1 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 2: Output from the inverting oscillator amplifier. 
NOTE: 
To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher than VDD + 0.5V or Vss - 0.5V, respectively. 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 
RESET 


ADDRESS 
MSB 
LSB 
VALUE 


ACC' 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


B' 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data pointer 


(2 bytes) 


DPH 
Data pointer high 
83H 
OOH 


DPL 
Data pointer low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE'# 
Interrupt enable 
A8H 
EA 
I 
I 
ES1 I 
ESO I 
ET1 
I 
EX1 
I 
ETO I 
EXO 
OxOOOOOOB 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP'# 
Interrupt priority 
B8H 
- 
I 
I 
PS1 
I 
PSO I 
PT1 
I 
PX1 
I 
PTO I 
PXO 
xxOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO' 
PortO 
80H 
AD7 I AD6 I 
AD5 
I 
AD4 
I 
AD3 
I 
AD2 
I 
AD1 
I 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1'# 
Port 1 
90H 
SDA I SCL I 
I 
I 
I 
I 
I 
FFH 


A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 


P2' 
Port 2 
AOH 
A15 I A14 I 
A13 
I 
A12 
I 
A11 
I 
A10 
I 
A9 
I 
A8 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


P3' 
Port 3 
BOH 
"RlJIWRI 
T1 
I 
TO 
I l'I'm 
I l""f'm I 
TXD 
I 
RXD 
FFH 


PCON 
Power control 
87H 
SMOD I - 
I 
- 
I 
- 
I 
GF1 
I 
GFO I 
PO 
I 
IDL 
OxxxOOOOB 


9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


SOCON'# 
Serial 0 port control 
98H 
SMO I SM1 I 
SM2 
I 
REN I 
TB8 
I 
RB8 
I 
TI 
I 
RI 
OOH 


SOBUF# 
Serial 0 data buffer 
99H 
xxxxxxxxB 


07 
06 
05 
04 
D3 
02 
01 
DO 


PSW' 
Program status word 
DOH 
CY I 
AC 
I 
FO 
I 
RS1 
I 
RSO I 
OV 
I 
F1 
I 
P 
OOH 


S1DAT# 
Serial 1 data 
DAH 
OOH 


• 
SP 
Stack pointer 
81H 
07H 


S1ADR# 
Serial 1 address 
DBH 
SLAVE ADDRESS 
I 
GC 
OOH 


S1STA# 
Serial 1 status 
D9H 
SC4 I SC3 I 
SC2 
I 
SC1 
I 
SCO I 
0 
I 
0 
I 
0 
F8H 


OF 
DE 
DO 
DC 
DB 
DA 
09 
08 


S1CON'# 
Serial 1 control 
D8H 
CR2 I ENS1 I 
STA 
I 
STO 
I 
SI 
I 
AA 
I 
CR1 
I 
CRO 
OOOOOOOOB 


8F 
8E 
80 
8C 
8B 
8A 
89 
88 


TCON' 
Timer control 
88H 
TF1 I TR1 
I 
TFO I 
TRO I 
IE1 
I 
IT1 
I 
IEO 
I 
ITO 
OOH 


TH1 
Timer high 1 
8DH 
OOH 


THO 
Timer high 0 
8CH 
OOH 


TL1 
Timer low 1 
8BH 
OOH 


THO 
Timer low 0 
8AH 
OOH 


TMOD 
Timer mode 
89H 
GATE I 
CfT 
I 
M1 
I 
MO 
I GATE I 
CfT 
I 
M1 
I 
MO 
OOH 


ROM CODE PROTECTION 
(83C652) 
The 8XC652 has an additional security 
feature. ROM code protection may be 
selected by setting a mask-programmable 
security bit (i.e., user dependent). This 
feature may be requested during ROM code 
submission. When selected, the ROM code is 
protected and cannot be read out at any time 
by any test mode or by any instruction in the 
external program memory space. 


The MOVC instructions are the only 
instructions that have access to program 
code in the internal or external program 
memory. The lOA input is latched during 
RESET and is "don't care" after RESET 
(also if the security bit is not set). This 
implementation prevents reading internal 
program code by switching from external 
program memory to internal program memory 
during a MOVC instruction or any other 
instruction that uses immediate data. 


OSCILLATOR 
CHARACTERISTICS 
XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol, 
page 916. 


To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the Input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 


Reset 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycies. At 
power-on, the voltage on Vaa and RST must 
come up at the same time for a proper 
start-up. 


Idle Mode 
In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 


enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


Power-Down 
Mode 


In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. The 
control bits for the reduced power modes are 
in the special function register PCON. Table 2 
shows the state of the I/O ports during low 
current operating modes. 


12C Serial Communication-SI01 
The 12Cserial port is identical to the 12C 
serial port on the 8XC552. The operation of 
this subsystem is described in detail in the 
8XC552 section of this manual. 


Note that in both the 8XC652/4 and the 
8XC552 the 12Cpins are alternate functions 
to port pins P1.6 and P1.7. Because of this, 
P1.6 and P1.7 on these parts do not have a 
pull-up structure as found on the 80C51. 
Therefore P1.6 and P1.7 have open drain 
outputs on the 8XC65214. 


PROGRAM 


MODE 
MEMORY 
ALE 
J5SEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


BIT FREQUENCY 
(kHz) AT fosc 


CR2 
CR1 
CRO 
6MHz 
12MHz 
16MHz 
24MHz 
lose DIVIDED BY 
a 
a 
a 
23 
47 
62.5 
94 
256 
a 
a 
1 
27 
54 
71 
1071 
224 
a 
1 
a 
31.25 
62.5 
83.3 
1251 
192 
a 
1 
1 
37 
75 
100 
1501 
160 
1 
a 
a 
6.25 
12.5 
17 
25 
960 
1 
a 
1 
50 
100 
1331 
2001 
120 
1 
1 
a 
100 
2001 
2671 
4001 
60 
1 
1 
1 
0.24 < 62.5 
0.49 < 62.5 
0.65 < 55.6 
0.98 < 50.0 
96 x (256 - (reload value Timer 1)) 
a to 255 
a to 254 
a to 253 
a to 251 
reload value range Timer 1 (in mode 2) 


PARAMETER 
RATING 
UNIT 


Storage temperature range 
-65 to +150 
°c 


Voltage on any other pin to V55 
-D.5 to + 6.5 
V 


Input, output current on any single pin 
±5 
mA 


Power 
dissipation 
(based 
on 
package 
heat 
transfer 
1 
W 


limitations, not device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent 


damage to the device. This is a stress rating only and functional operation of the device at 
these or any conditions other than those described in the AC and DC Electrical 
Characteristics section of this specification is not implied. 


2. This product includes circuitry specifically designed for the protection of its internal devices 


from the damaging effects of excessive static charge. Nonetheless, it is suggested that 
conventional precautions be taken to avoid applying greater than the rated maxima. 
3. 
Parameters are valid over operating temperature range unless otherwise specified. All 
voltages are with respect to V55 unless otherwise noted. 


SUPPLY VOLTAGE 
FREQUENCY 
TEMPERATURE 


(V) 
(MHz) 
RANGE 


TYPE 
MIN. 
MAX. 
MIN. 
MAX. 
(0C) 


P8XC652FBx 
4.0 
6.0 
1.2 
16 
o to +70 


P8XC652FFx 
4.0 
6.0 
1.2 
16 
--40 to +85 


P8XC652FHx 
4.5 
5.5 
1.2 
16 
--40 to +125 


P8XC6521Bx 
4.5 
5.5 
1.2 
24 
o to +70 


P83X6521Fx 
4.5 
5.5 
1.2 
24 
--40 to +85 


DC ELECTRICAL 
CHARACTERISTICS 


vss= 
OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
PART TYPE 
CONDITIONS 
MIN. 
MAX. 
UNIT 


VIL 
Input low voltage, 
except EA, P1.6/SCL, P1.7/SDA 
o to +70oC 
-0.5 
0.2VDD-o·1 
V 


-40 to +85°C 
-0.5 
0.2VDD-0.15 
V 


-40 to +125°C 
-0.5 
0.2VDD-0.25 
V 


VIL1 
Input low voltage to EA 
o to +70oC 
-0.5 
0.2VDD-o·3 
V 


-40 to +85°C 
-0.5 
0.2VDD-o·35 
V 


-40 to +125OC 
-0.5 
0.2VDD-o.45 
V 


VIL2 
Input low voltage to P1.6/SCL, P1.7/SDA6 
-0.5 
0.3VDD 
V 


VIH 
Input high voltage, except XTAL1, RST, 
P1.6/SCL, P1.7/SDA 
o to +70°C 
0.2VDD+0.9 
VDD+0.5 
V 


-40 to +85°C 
0.2VDD+1.0 
VDD+0.5 
V 


-40 to +125°C 
0.2VDD+1.0 
VDD+0.5 
V 


VIHl 
Input high voltage, XTAL1, RST 
o to +70°C 
0.7VDD 
VDD+0.5 
V 


-40 to +85°C 
0.7VDD+0.1 
VDD+0.5 
V 


-40 to +125°C 
0.7VDD+0.1 
VDD+0.5 
V 


VIH2 
Input high voltage, P1.6/SCL, P1.7/SDA6 
0.7VDD 
6.0 
V 


VOL 
Output low voltage, ports 1, 2, 3, 
IOL= 1.6mA8. 9 
0.45 
V 
except P1.6/SCL, P1.7/SDA 


VOL1 
Output low voltage, port 0, ALE, F'SEliI 
IOL= 3.2mA8, 9 
0.45 
V 


VOL2 
Output low voltage, P1.6/SCL, P1.7/SDA 
IOL=3.0mA 
0.4 
V 


VOH 
Output high voltage, ports 1, 2, 3, ALE, F'SEliI'0 
IOH=-60flA 
2.4 
V 
IOH=-25flA 
0.75VDD 
V 
IOH= -10flA 
0.9VDD 
V 


VOH1 
Output high voltage; port 0 in external bus mode 
IOH=-8OOflA 
2.4 
V 
IOH=-300flA 
0.75VDD 
V 
IOH=-80flA 
0.9VDD 
V 


IlL 
Logical 0 input current, ports 1, 2, 3, 
except P1.6/SCL, P1.7/SDA 
o to +70°C 
VIN = 0.45V 
-50 
flA 


-40 to +85°C 
-75 
flA 


-40 to +125OC 
-75 
flA 


ITL 
Logical 1-10-0transition current, ports 1, 2, 3, 
except P1.6/SCL, P1.7/SDA 
o to +70oC 
See note 7 
-650 
flA 


-40 to +85OC 
-750 
flA 


-40 to +125OC 
-750 
flA 


1L1 
Input leakage current, port 0, EA 
0.45V < VI < VDD 
±10 
flA 


IL2 
Input leakage current, P1.6/SCL, P1.7/SDA 
OV< VI < 6.0V 
±10 
flA 
OV< Voo < 6.0V 
flA 


IDD 
Power supply current: 
See note 1 
Active mode @ 16MHz2. 11 
VDD=6.0V 
26.5 
mA 
Active mode @ 24MHz2. 11 
VDD=5.5V 
33.8 
mA 
Idle mode @ 16MHz3, 11 
6 
mA 
Idle mode @ 24MHz3, 11 
7 
mA 
Power down mode4. 5 
50 
flA 
Power down mode4, 5 
-40 to +125°C 
100 
flA 


RRST 
Intemal reset pull-down resistor 
50 
150 
kil 


CIO 
Pin capacitance 
Freq.=1MHz 
10 
pF 


NOTES FOR DC ELECTRICAL CHARACTERISTICS: 
1. See Figures 9 through 11 for 100test conditions. 
2. The operating supply current is measured with all output pins disconnected; XTAL1 driven with tr = tf = 5ns; 


V'L = Vss + 0.5V; V1H= Voo-G.5V; 
XTAL2 not connected; EA = RST = Port 0 = Pl.6 = Pl.? = Voo. See Figure 9. 


3. The idle mode supply current is measured with all output pins disconnected; XTAL1 driven with tr = tf = 5ns; V'L = Vss + 0.5V; 


V'H = Voo -G.5V; XTAL2 not connected; Port 0 = Pl.6 = Pl.? = Voo; EA = RST = Vss. See Figure 10. 


4. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = Pl.6 = Pl.? = Voo; 


EA = RST = Vss. See Figure 11. 
5. 
2V ~ Vpo ~ Voomax. 
6. The input threshold voltage of Pl.6 and Pl.? (SI01) meets the 12Cspecification, so an input voltage below 0.3Voo will be recognized as a 


logic 0 while an input voltage above O.?Voo will be recognized as a logic 1. 
? 
Pins of ports 1 , 2, and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when V'N is approximately 2V. 


8. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLSof ALE and ports 1 and 3. The noise is due 


to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-10-0transitions during bus operations. In the 
worst cases (capacitive loading> 
100pF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 


ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 


9. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: Maximum IOL= 1OmA per port pin; Maximum 
IOL= 26mA total for Port 0; Maximum IOL= 15mA total for Ports 1, 2, and 3; Maximum IOL= ?1mA total for all output pins. If IOLexceeds the 
test conditions, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed test conditions. 


10.Capacitive loading on ports 0 and 2 may cause the VOH on ALE and J'SE1il to momentarily fall below the 0.9Voo specification when the 


address bits are stabilizing. 


11. IOOMAXfor other frequencies can be derived from Figure 1, where FREQ is the external oscillator frequency in MHz. IOOMAXis given in mA. 
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(1) MAXIMUM 
OPERATING 
MODE: 
VOO = VODmax 


(2) MAXIMUM 
IDLE MODE: 
VOO = VODmax 


These 
values 
are valid within 
the specified 
frequency range. 


16MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1/tClCl 
2 
Oscillator frequency 
1.2 
16 
MHz 


tlHll 
2 
ALE pulse width 
85 
2tClCl-40 
ns 


tAVll 
2 
Address valid to ALE low 
8 
tClCl-55 
ns 


tllAX 
2 
Address· hold after ALE low 
28 
tClCl-35 
ns 


tlLlV 
2 
ALE low to valid instruction in 
150 
4lclCl-100 
ns 


tllPl 
2 
ALE low to "PSEN low 
23 
tClCl-40 
ns 


tPlPH 
2 
"PSEN pulse width 
143 
3tClCl-45 
ns 


tPLIV 
2 
"PSEN low to valid instruction in 
83 
3tClCl-105 
ns 


tpXIX 
2 
Input instruction hold after"PSEN 
0 
0 
ns 


tPXIZ 
2 
Input instruction float after"PSEN 
38 
tClCl-25 
ns 


tAVIV 
2 
Address to valid instruction in 
208 
5tClCl-105 
ns 


tpLAZ 
2 
"PSEN low to address float 
10 
10 
ns 


Data Memory 


tRlRH 
3,4 
l'ID pulse width 
275 
6tClCl-100 
ns 


tWlWH 
3,4 
WR pulse width 
275 
6tClCl-100 
ns 


tRlOV 
3,4 
l'ID low to valid data In 
148 
5lclCl-165 
ns 


tRHOX 
3,4 
Data hold after l'ID 
0 
0 
ns 


tRHOZ 
3,4 
Data float after l'ID 
55 
2tClCl-70 
ns 


tllOV 
3,4 
ALE low to valid data in 
, 
350 
8tClCl-150 
ns 


tAVOV 
3,4 
Address to valid data in 
398 
9lclCl-165 
ns 


tllWl 
3,4 
ALE low to l'ID or WR low 
138 
238 
3lclCl-50 
3tClCl+50 
ns 


tAVWl 
3,4 
Address valid to WR low or l'ID low 
120 
4tClCl-130 
ns 


tevwx 
3,4 
Data valid to WR transition 
3 
tClCl-60 
ns 


tow 
3,4 
Data setup time before WR 
I 
288 
7tClCl-150 
ns 


tWHOX 
3,4 
Data hold after WR 
13 
tClCl-50 
ns 


tRlAZ 
3,4 
l'ID low to address float 
0 
0 
ns 


tWHlH 
3,4 
l'ID or WR high to ALE high 
23 
103 
tClCl-40 
tClCl+40 
,ns 


Shift Register 


tXLXl 
5 
Serial port clock cycle time3 
0.75 
12tClCl 
lis 


teVXH 
5 
Output data setup to clock rising edge3 
492 
10lclCl -133 
ns 


tXHOX 
5 
Output data hold after clock rising edge3 
80 
2tClCl-117 
ns 


tXHOX 
5 
Input data hold after clock rising edge3 
0 
0 
ns 


tXHOV 
5 
Clock rising edge to input data valid3 
492 
1OtClCl-133 
ns 


External Clock 


tCHCX 
6 
High time3 
20 
20 
lclCl 
- lclCX 
ns 


tClCX 
6 
Lowtime3 
20 
20 
tClCl 
tCHCX 
ns 


tClCH 
6 
Rise time3 
20 
20 
ns 


tCHCl 
6 
Fall time3 
20 
20 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and"PSEN = 100pF, load capacitance for all other outputs = 80pF. 


3. These values are characterized but not 100% production tested. 


24MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1/lclCl 
2 
Oscillator frequency 
1.2 
24 
MHz 


tlHll 
2 
ALE pulse width 
43 
2lclCl-40 
ns 


tAVll 
2 
Address valid to ALE low 
17 
tClCl-25' 
ns 


tllAX 
2 
Address hold after ALE low 
17 
tClCl-25 
ns 


tLLlV 
2 
ALE low to valid instruction in 
102 
4lclCl-65 
ns 


tllPl 
2 
ALE low to PSEJ\llow 
17 
tClCl-25 
ns 


tPlPH 
2 
PSEJ\I pulse width 
80 
3lclCl-45 
ns 


tPLIV 
2 
PSEJ\llow to vaiid instruction in 
65 
3tClCl-60 
ns 


tPXIX 
2 
Input instruction hold after PSEJ\I 
0 
0 
ns 


tPXIZ 
2 
Input instruction float after PSEJ\I 
17 
lclCl-25 
ns 


tAvlV 
2 
Address to valid instruction in 
128 
5lclCl-80 
ns 


tpLAZ 
2 
PSEJ\llow to address float 
10 
10 
ns 


Data Memory 


tRlRH 
3,4 
RO pulse width 
150 
6tClCl-100 
ns 


tWlWH 
3,4 
WR: pulse width 
150 
6tClCl-100 
ns 


tRlDV 
3,4 
RO low to valid data in 
118 
5lclCl-90 
ns 


tRHDX 
3,4 
Data hold after RO 
0 
0 
ns 


tRHDZ 
3,4 
Data float after RO 
55 
2lclCl-28 
ns 


tllDV 
3,4 
ALE low to valid data in 
180 
8lclCl-150 
ns 


tAVDV 
3,4 
Address to valid data in 
210 
9tClCl-165 
ns 


tllwl 
3,4 
ALE low to RO or WR: low 
75 
175 
3tClCl-50 
3lclCl+50 
ns 


tAVWl 
3,4 
Address valid to WR: low or RO low 
92 
4lclCl-75 
ns 


tavwx 
3,4 
Data valid to WR: transition 
12 
tClCl-30 
ns 


tDW 
3,4 
Data setup time before WR: 
162 
7tClCl-130 
ns 


tWHQX 
3,4 
Data hold after WR: 
17 
tClCl-25 
ns 


tRlAZ 
3,4 
RO low to address float 
0 
0 
ns 


tWHlH 
3,4 
RO or WR: high to ALE high 
17 
67 
tClCl-25 
lclCl+25 
ns 


Shift Register 


tXlXl 
5 
Serial port clock cycle time3 
0.5 
12lclCl 
~s 


taVXH 
5 
Output data setup to clock rising edge3 
283 
1OtClCl-133 
ns 


tXHQX 
5 
Output data hold after clock rising edge3 
23 
2tClCl-60 
ns 


tXHDX 
5 
Input data hold after clock rising edge3 
0 
0 
ns 


tXHDV 
5 
Clock rising edge to input data valid3 
283 
10lclCl -133 
ns 


External Clock 


lcHCX 
6 
High time3 
17 
17 
lclCl 
- lclCX 
ns 


lclCX 
6 
Lowtime3 
17 
17 
tClCl - tCHCX 
ns 


tClCH 
6 
Rise time3 
5 
5 
ns 


lcHCl 
6 
Fall time3 
5 
5 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and PSEJ\I= 100pF, load capacitance for all other outputs = 80pF. 


3. These values are characterized but not 100% production tested. 


SYMBOL 
PARAMETER 
INPUT 
OUTPUT 


SCL TIMING CHARACTERISTICS 


tHO: STA 
START 
condition 
hold time 
2: 14 tCLCL 
> 4.011S1 


tLOW 
SCL 
LOW 
time 
2: 16 tCLCL 
> 4.711s1 


tHIGH 
SCL 
HIGH 
time 
2: 14 tCLCL 
> 4.011S1 


tRC 
SCL 
rise time 
,.:; 111S 
- 2 


tFC 
SCL fall time 
,.:;0.311S 
< 0.311S3 


SDA TIMING CHARACTERISTICS 


tsu: 
DAT1 
Data 
set-up 
time 
2: 250ns 
, 
> 20 tCLCL - tRo 


tsu: 
DAT2 
SDA 
set-up 
time 
(before 
rep. START 
cond.) 
2: 250ns 
> 111S1 


tsu: 
DAT3 
SDiI 
set-up 
time 
(before 
STOP 
cond.) 
2: 250ns 
> 8 tCLCL 


tHO: DAT 
Data 
hold time 
2: Ons 
> 8 tCLCL - tFC 


tsu: 
STA 
Repeated 
START 
set-up 
time 
2: 14 tCLCL 
> 4.711S1 


tsu: 
STO 
STOP 
condition 
set-up 
time 
.. 
2: 14 lcLCL 
> 4.011S1 


tauF 
Bus free 
time 
2: 14 tCLCL 
> 4.711S1 


tRo 
SDA 
rise time 
,.:; 111S 
_2 


tFD 
SDAfalitime 
,.:;0.311S 
< 0.311S3 


NOTES: 
1. 
At 100 kbit/s. 
At other 
bit rates 
this value 
is inversely 
proportional 
to the bit-rate 
of 100 kbit/s. 


2. 
Determined 
by the extemal 
bus-line 
capacitance 
and the external 
bus-line 
pull-resistor, 
this must 
be < 111S. 
3. 
Spikes 
on the SDA 
and 
SCL 
lines 
with 
a duration 
of less than 
3 tCLCL will be filtered 
out. 
Maximum 
capacitance 
on bus-lines 
SDA 
and 
SCL = 400pF. 
4. 
tCLCL = 1/fosc 
= one oscillator 
clock 
period 
at pin XTAL 1. For 63ns 
(42ns) 
< tCLCL < 285ns 
(16MHz 
(24MHz) 
> fosc 
> 3.5MHz) 
the 
SI01 
interface 
meets 
the 
12C-bus 
specification 
for bit-rates 
up to 100 kbit/s. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
Q - 
Output data 


first character is always 'I' (= time). The other 
R - 
FID signal 


characters, depending on their positions, 
t 
- 
Time 


indicate the name of a signal or the logical 
V - 
Valid 


status of that signal. The designations are: 
W - 
WR signal 


A - 
Address 
X - 
No longer a valid logic level 


C - 
Clock 
Z - 
Float 


D - 
Input data 
Examples: 
H - 
Logic level high 


I 
- 
Instruction (program memory contents) 


L - 
Logic ievel low, or ALE 
P - 
"F'SEl'l 


tAVLL= Time for address valid 
to ALE low. 
tLLPL= Time for ALE low 
to "F'SEl'llow. 


r- IXLXL-1 


taVXH I~ IIXHQX I 


\'------Jx~~X __ 
X__ 
X_~X_~X~~X~~7 


t 


INPUT DATA 
'-----t' 


CLEAR RI 


VD0-4· 


5 =x 
>C 
O.2VDD+4·9 


O.45Y 
._O_,2_V_D_0-4_,_1 
_ 


TIMING 
REFERENCE 
POINTS 


NOTE: 


AC INPUTS 
DURING 
TESTING 
ARE DRIVEN 
ATVD~,5 
FOR A LOGIC 
'" 
AND 


O.45V FOR A LOGIC '0'. TIMING 
MEASUREMENTS 
ARE MADE 
AT V,H MIN FOR A 


LOGIC 
'1' AND Vil 
MAX FOR A LOGIC 
'0'. 


NOTE: 
FOR TIMING 
PURPOSES, 
A PORT 
IS NO LONGER 
FLOATING 
WHEN 
A 100MV 


CHANGE 
FROM 
LOAD VOLTAGE 
OCCURS, 
AND BEGINS 
TO FLOAT 
WHEN 
A 


,oomv 
CHANGE 
FROM 
THE LOADED 
VOH!YOL 
LEVEL 
OCCURS. 
'Of;lloL 
~ ± 


2OrnA. 


Figure 9. 
100 Test Condition, 
Active Mode 
All other pins are disconnected 
Figure 10. 
100 Test Condition, 
Idle Mode 


All other pins are disconnected 


RST 
a; 


(NC) 
XTAL2 
P1.6 


PL7 
XTAL1 


vss 


Figure 11. 
100 Test Condition, 
Power Down Mode 
All other pins are disconnected. 
Voo = 2V to 5.5V 


NOTE: 
• 
Ports 1.6 and 1.7 should be connected to Vcc through resistors of sufficiently high value such that the sink current into these pins does not 
exceed the IOL1specification. 


Purchase 
of Philips' 
12Ccomponents 
conveys 
a license 
under the 


Philips' 
12C patent to use the components 
in the 12C-system 
provided 
the system 
conforms 
to the 12Cspecifications 
defined 
by Philips. 


LOGIC SYMBOL 
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DESCRIPTION 
The 87C652 Single-Chip 8-Bit Microcontroller 
is manufactured in an advanced CMOS 
process and is a derivative of the 80C51 
microcontroller family. The 87C652 has the 
same instruction set as the 80C51. 


This device provides architectural 
enhancements that make it applicable in a 
variety of applications for general control 
systems. The 87C652 contains a non-volatile 
8k x 8 EPROM, a voiatile 256 x 8 read/write 
data memory, four 8-bitl/0 
ports, two 16-bit 


timer/event counters (identical to the timers of 
the 80C51), a multi-source, two-priority-Ievel, 
nested interrupt structure, an 12C interlace, 
UART and on-chip oscillator and timing 
circuits. For systems that require extra 
capability, the 87C652 can be expanded 
using standard TTL compatible memories 
and logic. 


The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-byte, 45 two-byte and 17 
three-byte. With a 16MHz crystal, 58% of the 
instructions are executed in O. 75~s and 40% 
in 1.5~s. Multiply and divide instructions 
require 3~s. 


• 80C51 central processing unit 


• 8k x 8 EPROM expandable externally to 


64k bytes (EPROM is not expandable) 


• 256 x 8 RAM, expandable externally to 


64k bytes 


• Two standard 16-bittimer/counters 


• Four 8-bitl/0 
ports 


• 
12C-bus serial I/O port with byte oriented 
master and slave functions 


• Full-duplex UART facilities 


• Power control modes 
- 
Idle mode 


- 
Power-down mode 


• Five package styles 


• Extended temperature range 


• OTP package available 


• Three speed ranges 
- 
16MHz 


- 
20MHz 


PO.1/A01 


P1.3 
PO.2JAD2 


PO.31AD3 


PO.41AD4 


PO.51ADS 


PO.61AD6 


PO.7/AD7 


P2.7/A15 


P2.61A14 


CERAMIC 
AND PLASTIC 
LEADED 
PLASTIC 
QUAD FLAT PACK 


CHIP CARRIER 
PIN FUNCTIONS 
PIN FUNCTIONS 


40 
44 
34 


39 


33 


17 
29 
11 
23 


18 
28 


12 
22 


Pin 
Function 
Pin 
Function 
PIn 
Function 
Pin 
Function 


1 
NC 
23 
NC 
Pl.5 
23 
P2.5/A13 


2 
Pl.D 
24 
P2.0/A8 
P1.61SCL 
24 
P2.61A14 


3 
Pl.1 
25 
P2.lIA9 
Pl.7/SDA 
25 
P2.7/A15 


4 
Pl.2 
26 
P2.21Al0 
AST 
26 
PSEfl 


5 
P1.3 
27 
P2.31Al1 
P3.OIRxD 
27 
ALEJI'ROO 


6 
P1.4 
28 
P2.4/A12 
NC 
28 
NC 


7 
Pl.5 
29 
P2.5/A13 
P3.1fTxD 
29 
o,wpp 


8 
Pl.61SCL 
30 
P2.61A14 
8 
P3.2IIl'1TO 
30 
PO.l/AD7 
9 
Pl.7/SDA 
31 
P2.7/A15 
9 
P3.3IIfilTT 
31 
PO.61AD6 
10 
AST 
32 
PSEfl 
10 
P3.4fTO 
32 
PO.51AD5 
11 
P3.OIRxD 
33 
ALEJI'ROO 
11 
P3.5IT1 
33 
PO.4/AD4 
12 
NC 
34 
NC 
12 
P3.6IWFl 
34 
PO.31AD3 


13 
P3.1/TxD 
35 
o,wpp 
13 
P3.71lO 
35 
PO.2fAD2 


14 
P3.2IIl'1TO 
36 
PO.l/AD7 
14 
XTAl2 
36 
PO.lIA01 


15 
P3.3IIfilTT 
37 
PO.61AD6 
15 
XTALl 
37 
PO.OIADO 


16 
P3.4fTO 
38 
PO.5fAD5 
16 
VSS 
38 
VCC 


17 
P3.Sfn 
39 
PO.4/AD4 
17 
NC 
39 
NC 


18 
P3.6IWFl 
40 
PO.31A03 
18 
P2.OfAB 
40 
P1.0 
19 
P3.7/RD 
41 
PO.21AD2 
19 
P2.1/A9 
41 
Pl.1 


20 
XTAL2 
42 
PO.l/AD1 
20 
P2.21Al0 
42 
P1.2 


21 
XTAL1 
43 
PO.OIADO 
21 
P2.31Al1 
43 
P1.3 


22 
VSs 
44 
VCC 
22 
P2.4/A12 
44 
Pl.4 


PHILIPS 
PHILIPS NORTH AMERICA 
PART ORDER NUMBER 
TEMPERATURE 
PART MARKING 
PART ORDER NUMBER 
RANGE eCl 
FREQ 


ROMless 
ROM 
ROMless 
ROM 
Drawing 
AND PACKAGE 
MHz 
Number 


P80C652FBP 
P83C652FBP/xxx 
P80C652FBPN 
P83C652FBPN 
SOT129 
o to +70, Plastic Dual In-line Package 
16 


P80C652FBA 
P83C652FBAlxxx 
P80C652FBAA 
P83C652FBAA 
SOT187 
o to +70, Plastic Leaded Chip Carrier 
16 


P80C652FBB 
P83C652FBB/xxx 
P80C652FBBB 
P83C652FBBA 
SOT307-25 
o to +70, Plastic Quad Flat Pack 
16 


P80C652FFP 
P83C652FFP/xxx 
P80C652FFPN 
P83C652FFPN 
SOT129 
-40 to +85, Plastic Dual In-line Package 
16 


P80C652FFA 
P83C652FFAlxxx 
P80C652FFAA 
P83C652FFAA 
SOT187 
-40 to +85, Plastic Leaded Chip Carrier 
16 


P80C652FFB 
P83C652FFB/xxx 
P80C652FFBB 
P83C652FFBB 
SOT307-25 
-40 to +85, Plastic Quad Flat Pack 
16 


P80C652FHP 
P83C652FHP/xxx 
P80C652FHPN 
P83C652FHPN 
SOT129 
-40 to +125, Plastic Dual In-line Package 
16 


P80C652FHA 
P83C652FHAlxxx 
P80C652FHAA 
P83C652FHAA 
SOT187 
-40 to +125, Plastic Leaded Chip Carrier 
16 


P80C652FHB 
P83C652FHB/xxx 
P80C652FHBB 
P83C652FHBB 
SOT307·25 
-40 to +125, Plastic Quad Flat Pack 
16 


P80C6521BP 
P83C6521BP/xxx 
P80C6521BPN 
P83C6521BPN 
SOT129 
o to +70, Plastic Dual In-line Package 
24 


P80C6521BA 
P83C6521BAlxxx 
P80C6521BAA 
P83C6521BAA 
SOT187 
o to +70, Plastic Leaded Chip Carrier 
24 


P80C6521BB 
P83C6521BBlxxx 
P80C6521BBB 
P83C6521BBB 
SOT307·25 
o to +70, Plastic Quad Flat Pack 
24 


P80C6521FP 
P83C6521FP/xxx 
P80C6521FPN 
P83C6521FPN 
SOT129 
-40 to +85, Plastic Dualln·line 
Package 
24 


P80C6521FA 
P83C6521FAlxxx 
P80C6521FAA 
P83C6521FAA 
SOT187 
-40 to +85, Plastic Leaded Chip Carrier 
24 


P80C6521FB 
P83C6521FB/xxx 
P80C6521FBB 
P83C6521FBB 
SOT307-25 
-40 to +85, Plastic Quad Flat Pack 
24 


NOTES: 
1. 80C652 and 83C652 frequency range is 1.2MHz-16MHz 
or 1.2 to 24MHz. 


2. 
87C652 frequency range is 3.5MHz-16MHz 
or 3.5MHz-20MHz. 
3. The 87C652 EPROM is not expandable. 
4. xxx denotes the ROM code number. 
5. 
SOT311 replaced by SOT307-2. 


TEMPERATURE 
RANGE (OC) 
FREQ 


EPROM 
Drawing 
AND PACKAGE 
MHz 
Number 


S87C652-4N40 
0415C 
o to +70, Plastic Dual In-line Package 
16 


S87C652-4F40 
0590B 
o to +70, Ceramic Dual In-line 
16 
Package wlWindow 


S87C652-4A44 
0403G 
o to +70, Plastic Leaded Chip Carrier 
16 


S87C652-4K44 
1472A 
o to +70, Ceramic Leaded Chip Carrier 
16 
wlWindow 


S87C652-4B44 
1118D 
o to +70, Plastic Quad Flat Pack 
16 


S87C652-5N40 
0415C 
-40 to +85, Plastic Dual In-line Package 
16 


S87C652-5F40 
0590B 
-40 to +85, Ceramic Dual In-line Package 
16 
wlWindow 


S87C652-5A44 
0403G 
-40 to +85, Plastic Leaded Chip Carrier 
16 


S87C652-5K44 
1472A 
-40 to +85, Ceramic Leaded Chip Carrier 
16 
wlWindow 


S87C652-5B44 
1118D 
-40 to +85, Plastic Quad Flat Pack 
16 


S87C652-7N40 
0415C 
o to +70, Plastic Dual In-line Package 
20 


S87C652-7F40 
0590B 
o to +70, Ceramic Dual In-line Package 
20 
wlWindow 


S87C652-7 A44 
0403G 
o to +70, Plastic Leaded Chip Carrier 
20 


S87C652-7K44 
1472A 
o to +70, Ceramic Leaded Chip Carrier 
20 
wlWindow 


S87C652-8N40 
0415C 
-40 to +85, Plastic Dual In-line Package 
20 


S87C652-8F40 
0590B 
-40 to +85, Ceramic Dual In-line Package 
20 
wlWindow 


S87C652-8A44 
0403G 
-40 to +85, Plastic Leaded Chip Carrier 
20 


S87C652-8K44 
1472A 
-40 to +85, Ceramic Leaded Chip Carrier 
20 
wlWindow 


- 


FREQUENCY 
REFERENCE 
,------'------- 


XTAL2 
XTAl1 


I-- 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
IL 


PROGRAM 
MEMORY 


~~~~~) 


DATA 
MEMORY 
(256 x 8 RAM) 


IIlTO 
IIlTf 
"-----r------' 


EXTERNAL 
INTERRUPTS 


COUNTERS 
,------'------- 


TO 
T1 


SOJ SHARED 
WITH 
SCl 
PORT1 


PIN NO. 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


VSS 
20 
22 
16 
I 
Ground: 
OV reference. 


Vee 
40 
44 
38 
I 
Power Supply: This is the power supply voltage for normal, idle, and power-down 
operation. 


PO.O-<>.7 
39-32 
43-36 
37-30 
I/O 
Port 0: Port 0 is an open-drain, bidirectional 1/0 port. Port 0 pins that have 1s written to them 
float and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order 
address and data bus during accesses to external program and data memory. In this 
application, it uses strong internal pull-ups when emitting 1s. Port 0 also outputs the code 
bytes during program verification in the 87C652. Extemal pUll-ups are required during 
program verification. 


P1.o-P1.7 
1-8 
2-9 
40-44, 
1/0 
Port 1: Port 1 is an 8-bit bidirectional 1/0 port with internal pull-ups, except P1.6 and P1.7 
1-3 
which are open drain. Port 1 pins that have 1s written to them are pulled high by the internal 
pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: IILl. 
Port 1 also receives the iow-order address byte during program memory verification. 


- 
Alternate functions include: 
P1.6 
7 
8 
2 
1/0 
SCL: 12C-busserial port clock line. 
P1.7 
8 
9 
3 
1/0 
SDA: 12C-busserial port data line. 


P2.o-P2.7 
21-28 
24-31 
18-25 
1/0 
Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have 1s 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 


, 
port 2 pins that are extemally being pulled low will source current because of the intemal 
pUll-ups. (See DC Electrical Characteristics: IILl. Port 2 emits the high-order address byte 
during fetches from extemal program memory and during accesses to extemal data memory 
that use 16-bit addresses (MOVX @DPTR). In this application, it uses strong internal 
pull-ups when emitting 1s. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. 


P3.o-P3.7 
10-17 
11, 
5, 
I/O 
Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3 pins that have 1s 


13-19 
7-13 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 3 pins that are externally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: IILl. Port 3 also serves the special features of the 80C51 
family, as listed below: 
10 
11 
5 
I 
RxD (P3.0): Serial input port 
11 
13 
7 
0 
TxD (P3.1): Serial output port 
12 
14 
8 
I 
INTO (P3.2): External interrupt 
13 
15 
9 
I 
INTf (P3.3): External interrupt 
14 
16 
10 
I 
TO (P3.4): TImer 0 external input 
15 
17 
11 
I 
11 (P3.5): TImer 1 external input 
16 
18 
12 
0 
WR (P3.6): External data memory write strobe 


17 
19 
13 
0 
AD (P3.7): External data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An intemal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Vee. 


ALEJI5ROG 
30 
33 
27 
1/0 
Address 
Latch EnableJProgram 
Pulse: Output pulse for latching the low byte of the 


address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is sk~uring 
each access to external data memory. This pin is 


also the program pulse input ( 
) during EPROM programming. 


"I'S"EN 
29 
32 
26 
0 
Program 
Store Enable: The read strobe to externa~am 
memory. When the 87C652 is 


executing code from the external program memory, 
is activated twice each machine 
cycle, except that two "I'S"EN activations are skipped during each access to extemal data 
memory. "I'S"EN is not activated during fetches from internal program memory. 


~pp 
31 
35 
29 
I 
External Access EnableJProgramming 
Supply Voltage: EA must be extemally held low to 


enable the device to fetch code from external program memory locations OOOOHand 1FFFH. 
If EA is held high, the device executes from internal program memory unless the program 
counter contains an address greater than 1FFFH. This pin also receives the 12.75V 
programming supply voltage (Vpp) during EPROM programming. 


XTAL1 
19 
21 
15 
I 
Crystal 1: Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 2: Output from the inverting oscillator amplifier. 
NOTE: 
To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher than Vee + 0.5V or Vss - O.5V, respectively. 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 
RESET 
ADDRESS 
MSB 
LSB 
VALUE 


ACC' 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


B' 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data pointer 
(2 bytes) 
DPH 
Data pointer high 
83H 
OOH 
DPL 
Data pointer low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE'# 
Interrupt enable 
A8H 
EA 
I 
I 
ES1 
I 
ESO 
I 
ET1 
I 
EX1 
I 
ETO I 
EXO 
OxOOOOOOB 


BF 
BE 
BD 
BC 
BB 
BA 
69 
B8 


IP'# 
Interrupt priority 
B8H 
- 
I 
I 
PS1 
I 
PSO 
I 
PT1 
I 
PX1 
I 
PTO 
I 
PXO 
xxOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO' 
PortO 
80H 
AD7 I AD6 
I 
AD5 
I 
AD4 
I 
AD3 
I 
AD2 
I 
AD1 
I 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1'# 
Port 1 
90H 
SDA 
I 
SCL 
I 
I 
I 
I 
I 
I 
FFH 


A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 


P2' 
Port 2 
AOH 
A15 
I.A14 
I 
A13 
I 
A12 
I 
A11 
I 
A10 
I 
A9 
I 
A8 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


P3' 
Port 3 
BOH 
"RUI 
WR 
I 
T1 
I 
TO 
I 
TJ\lTI 
I 
Tfrnj 
I 
TXD 
I 
RXD 
FFH 


PCON 
Power control 
87H 
SMOD I 
- 
I 
- 
I 
- 
I 
GF1 
I 
GFO 
I 
PD 
I 
IDL 
OxxxOOOOB 


9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


SOCON'# 
Serial 0 port control 
98H 
SMO 
I 
SM1 
I 
SM2 
I 
REN 
I 
TB8 
I 
RB8 
I 
TI 
I 
RI 
OOH 


SOBUF# 
Serial 0 data buffer 
99H 
xxxxxxxxB 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


PSW' 
Program status word 
DOH 
CY 
I 
AC 
I 
FO 
I 
RS1 
I 
RSO 
I 
OV 
I 
F1 
I 
P 
OOH 


S1DAT# 
Serial 1 data 
DAH 
OOH 


SP 
Stack pointer 
81H 
07H 


S1ADR# 
Serial 1 address 
DBH 
SLAVE ADDRESS 
I 
GC 
OOH 


S1STA# 
Serial 1 status 
D9H 
SC4 
I 
SC3 
I 
SC2 
I 
SC1 
I 
SCO 
I 
0 
I 
0 
I 
0 
F8H 


DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 


S1CON'# 
Serial 1 control 
D8H 
CR2 
I ENS1 I 
STA 
I 
STO 
I 
SI 
I 
AA 
I 
CR1 
I 
CRO 
OOOOOOOOB 


8F 
8E 
8D 
8C 
8B 
8A 
89 
88 


TCON' 
Timer control 
88H 
TF1 
I 
TR1 
I 
TFO 
I 
TRO 
I 
IE1 
I 
IT1 
I 
IEO 
I 
ITO 
OOH 


TH1 
Timer high 1 
8DH 
OOH 


THO 
Timer high 0 
8CH 
OOH 


TL1 
Timer low 1 
8BH 
OOH 


THO 
Timer low 0 
8AH 
OOH 


TMOD 
Timer mode 
89H 
GATE I crr 
I 
M1 
I 
MO 
I GATE 
I 
crr 
I 
M1 
I 
MO 
OOH 


OSCILLATOR 
CHARACTERISTICS 
XTAL1 and XTAL2 are the input and output, 
respectiveiy, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol, 
page 934. 


To drive the device from an external clock 
source, XTAL 1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 


RESET 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 


milliseconds) pius two machine cycles. At 
power-on, the voltage on Vcc and RST must 
come up at the same time for a proper 
start-up. 


IDLE MODE 
In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER-DOWN 
MODE 


In the power-down mode, the oscillator is 
stopped and the instruction to invoke 


power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. the 
control bits for the reduced power modes are 
in the special function register PCON. Table 2 
shows the state of the I/O ports during low 
current operating modes. 


12C SERIAL 
COMMUNICATION 
- 
. 


SI01 
The 
12C serial port is identical to the 12C 
serial port on the 8XC552. The operation of 
this subsystem is described in detail in the 
8XC552 section of this manual. 


Note that in both the 8XC652/4 and the 
8XC552 the 12C pins are alternate functions 
to port pins P1.6 and P1.7. Because of this, 
P1.6 and P1.7 on these parts do not have a 
pull-up structure as found on the 80C51. 
Therefore P1.6 and P1.7 have open drain 
outputs on the 8XC652/4. 


PROGRAM 
MODE 
MEMORY 
ALE 
PSER 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


SlCON(D8H) 


Bits CRO, CR1 and CR2 determine 
the serial clock frequency 
that is generated 
in the master mode of operation. 


BIT FREQUENCY 
(kHz) AT fosc 


CR2 
CR1 
CRO 
6MHz 
12MHz 
16MHz 
20MHz 
fose DIVIDED BY 


0 
0 
0 
23 
47 
62.5 
78 
256 
0 
0 
1 
27 
54 
71 
89 
224 
0 
1 
0 
31.25 
62.5 
83.3 
1041 
192 
0 
1 
1 
37 
75 
100 
1251 
160 


1 
0 
0 
6.25 
12.5 
17 
21 
960 


1 
0 
1 
50 
100 
1331 
1661 
120 


1 
1 
0 
100 
2001 
2671 
3341 
60 


1 
1 
1 
> 0.25 < 62.5 
> 0.5 < 62.5 
> 0.65 < 55.6 
> 0.81 < 69.4 
96 x (256 - (reload value Timer 1)) 
o to 255 
o to 254 
o to 253 
o to 253 
(Reload value range: 0 - 254 in mode 2) 


NOTES: 
1. These frequencies exceed the upper limit of 100kHz of the 12C-bus specification and cannot be used in an 12C-bus application. 


PARAMETER 
RATING 
UNIT 


Storage temperature range 
-65 to +150 
°C 


Voltage on r;ANpp 
to Vss 
-0.5 to+ 13 
V 


Voltage on any other pin to Vss 
-0.5 to + 6.5 
V 


Input, output current on any single pin 
±5 
mA 


Input, output current on any two pins 
±10 
mA 


Power dissipation (based on package heat transfer 
1 
W 
limitations, not device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at 
these or any conditions other than those described in the AC and DC Electrical 
Characteristics section of this specification is not implied. 


2. This product includes circuitry specifically designed for the protection of its internal devices 
from the damaging effects of excessive static charge. Nonetheless, it is suggested that 
conventional precautions be taken to avoid applying greater than the rated maxima. 
3. 
Parameters are valid over operating temperature range unless otherwise specified. All 
voltages are with respect to Vss unless otherwise noted. 


SUPPLY VOLTAGE 
FREQUENCY 


(V) 
(MHz) 
TEMPERATURE 


TYPE 
MIN. 
MAX. 
MIN. 
MAX. 
(OC) 


S87C652-4 
4.5 
5.5 
3.5 
16 
o to +70 


S87C652-5 
4.5 
5.5 
3.5 
16 
-40 to +85 


S87C652-7 
4.5 
5.5 
3.5 
20 
o to +70 


S87C652-8 
4.5 
5.5 
3.5 
20 
-40 to +85 


DC ELECTRICAL 
CHARACTERISTICS 


vss = OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
PART TYPE 
CONDITIONS 
MIN. 
MAX. 
UNIT 


VIL 
Input low voltage, 
O°Cto +70°C 
-0.5 
0.2Vcc-0.1 
V 
except EA, P1.6/SCL, P1.7/SDA 
-40°C to +85°C 
-0.5 
0.2Vce - 0.15 
V 


VIL1 
Input low voltage to EA 
O°Cto +70'C 
-0.5 
0.2Vec - 0.3 
V 


-40'C 
to +85°C 
-0.5 
0.2Vcc - 0.35 
V 


VIL2 
Input low voltage to P1.6/SCL, P1.7/SDA6 
-0.5 
1.5 
V 


VIH 
Input high voltage, except XTAL1, RST, 
O°Cto +70°C 
0.2Vcc + 0.9 
Vcc + 0.5 
V 
P1.61SCL, P1.7/SDA 
-40°C to +85°C 
0.2Vcc + 1.0 
Vcc + 0.5 
V 


VIH1 
Input high voltage, XTAL1, RST 
O°Cto +70°C 
0.7Vcc 
Vcc + 0.5 
V 


-40°C to +85°C 
0.7Vcc + 0.1 
Vcc + 0.5 
V 


VIH2 
Input high voltage, P1.6/SCL, P1.7/SDA6 
3.0 
6.0 
V 


VOL 
Output low voltage, ports 1, 2, 3, 
IOL= 1.6mA8 
0.45 
V 
except P1.6/SCL, P1.7/SDA 


VOL1 
Output low voltage, port 0, ALE, PSEN 
IOL=3.2mA8 
0.45 
V 


VOL2 
Output low voltage, P1.6/SCL, P1.7/SDA 
IOL= 3.0mA 
0.4 
V 


VOH 
Output high voltage, ports 1, 2, 3 
O°Cto +70°C 
IOH=-60~A 
2.4 
V 


-40°C to +85'C 
IOH=-25~A 
0.75Vcc 
V 


VOH1 
Output high voltage, Port 0 in external bus 
O°Cto +70°C 
IOH= -400~A 
2.4 
V 
mode,ALE,PSEN, 
RST9 
-40°C to +85'C 
IOH= -150~A 
0.75Vcc 
V 


IlL 
Logical 0 input current, ports 1, 2, 3, except 
O°Cto +70°C 
VIN = 0.45V 
-50 
~A 
P1.6/SCL, P1.7/SDA 
-40°C to +85°C 
-75 
~A 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 
O°Cto +70°C 
See Note 7 
-650 
~A 
3, except P1.6/SCL, P1.7/SDA 
-40'C 
to +85°C 
-750 
~A 


1L1 
Input leakage current, port 0 
0.45 < Vi < Vcc 
±10 
~A 


IL2 
Input leakage current, P1.6/SCL, P1.7/SDA 
OV < Vi < 6.0V 
±10 
~A 
OV < Vce < 6.0V 
~A 


Ice 
Power supply current: 
See Note 1 


Vcc = 6.0V 
Active mode @ 16MHz2 
25 
mA 
Idle mode @ 16MHz3 
6 
mA 
Power down mode 4, 5 
O°Cto +70°C 
50 
~A 
Power down mode 4, 5 
-40°C to +125'C 
135 
~A 


RRST 
Internal reset pull-down resistor 
50 
150 
kQ 


CIO 
Pin Capacitance 
Freq. = 1MHz 
10 
pF 
NOTES: 
1. See Figures 9 through 12 for Icc test conditions. 
2. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with t, = tf = 10ns; V1L= Vss + 0.5V; VIH = Vec 


-o.5V; XTAL2 not connected; EA = RST = Port 0 = P1.6 = P1.7 = Vce; fCLK= 16MHz. See Figure 9. 
3. The idle mode supply current is measured with all output pins disconnected; XTAL1 driven with t, = tf = 10ns; VIL = Vss + 0.5V; VIH = Vcc 
-o.5V; XTAL2 not connected; Port 0 = P1.6 = P1.7 = Vce; EA = RST = Vss; feLK = 16MHz. See Figure 10. 
4. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = P1.6 = P1.7 = Vcc; EA = RST = Vss. 


See Figure 12. 


5. 2V 
:0; VPD:O;Vccmax. 


6. The input threshold voltage of P1.6 and P1.7 (S101) meets the 12Cspecification, so an input voltage below 1.5V will be recognized as a logic 
o while an input voltage above 3.0V will be recognized as a logic 1. 


7. 
Pins of ports 1 ,2, and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum vaiue when VIN is approximately 2V. 
8. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLSof ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. in the 
worst cases (capacitive loading> 
100pF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 


9. 
Capacitive loading on ports 0 and 2 may cause the VOHon ALE and PSEN to momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb = O°C to +70°C, 
or Tamb = -40°C 
to +85°C, 
Vss = OV1, 2 


16MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


l/tCLCL 
1 
Oscillator 
frequency 
3.5 
16 
MHz 


tLHLL 
1 
ALE 
pulse 
width 
85 
2tCLCL-40 
ns 


tAVLL 
1 
Address 
valid 
to ALE 
low 
8 
tCLCL-55 
ns 


tLLAX 
1 
Address 
hold after 
ALE 
low 
28 
tCLCL-35 
ns 


tLLlV 
1 
ALE 
low to valid 
instruction 
in 
150 
4tCLCL-100 
ns 


tLLPL 
1 
ALE 
low to J>SEIillow 
23 
tCLCL-40 
ns 


tPLPH 
1 
J>SEIil pulse 
width 
143 
3tCLCL-45 
ns 


tPLIV 
1 
J>SEIillow 
to valid 
instruction 
in 
83 
3tCLCL-105 
ns 


tPXIX 
1 
Input 
instruction 
hold 
after 
J>SEIil 
0 
0 
ns 


tPXIZ 
1 
Input 
instruction 
float 
after 
J>SEIil 
38 
tCLCL-25 
ns 


tAVIV 
1 
Address 
to valid 
instruction 
in 
208 
5tCLCL-105 
ns 


tpLAZ 
1 
J>SEIillow 
to address 
float 
10 
10 
ns 


Data 
Memory 


tAVLL 
2,3 
Address 
valid 
to ALE 
low 
28 
tCLCL-35 
ns 


tRLRH 
2,3 
fID pulse 
width 
275 
6tCLCL-100 
ns 


tWLWH 
2,3 
WI'! pulse 
width 
275 
6tCLCL-100 
ns 


tRLOV 
2,3 
fID low to valid 
data 
in 
148 
5tCLCL-165 
ns 


tRHOX 
2,3 
Data 
hold 
after fID 
0 
0 
ns 


tRHOZ 
2,3 
Data 
float 
after fID 
55 
2tCLCL-70 
ns 


tLLOV 
2,3 
ALE 
low to valid 
data 
in 
350 
8tCLCL-150 
ns 


tAVOV 
2,3 
Address 
to valid 
data 
in 
398 
9tCLCL-165 
ns 


tLLWL 
2,3 
ALE 
low to fID or WI'! low 
138 
238 
3tCLCL-50 
3teLCL+50 
ns 


tAVWL 
2,3 
Address 
valid 
to WI'! low or fID low 
120 
4tCLCL-130 
ns 


tavwx 
2,3 
Data 
valid 
to WI'! transition 
3 
tCLCL-BO 
ns 


tow 
2,3 
Data 
setup 
time 
before 
WI'! 
288 
7tCLCL-150 
ns 


tWHOX 
2,3 
Data 
hold 
after WI'! 
13 
tCLCL-50 
ns 


tRLAZ 
2,3 
fID low to address 
float 
0 
0 
ns 


tWHLH 
2,3 
fID or WI'! high to ALE 
high 
23 
103 
tCLCL-40 
tCLCL+40 
ns 


Shift 
Register 


tXLXL 
4 
Serial 
port clock 
cycle 
time4 
0.75 
12tCLCL 
fis 


taVXH 
4 
Output 
data 
setup 
to clock 
rising 
edge4 
492 
101cLCL-133 
ns 


tXHOX 
4 
Output 
data 
hold after 
clock 
rising 
edge4 
8 
2tCLCL-117 
ns 


tXHOX 
4 
Input 
data 
hoid 
after 
clock 
rising 
edge4 
0 
0 
ns 


tXHOV 
4 
Clock 
rising 
edge 
to input 
data 
valid4 
498 
1OICLCL-133 
ns 


External 
Clock 


teHCX 
5 
High 
time4 
20 
20 
tCLCL-tLOw 
ns 


teLCX 
5 
Lowtime4 
20 
20 
teLCL - tHIGH 
ns 


teLCH 
5 
Rise time4 
20 
20 
ns 


teHCL 
5 
Fall time4 
20 
20 
ns 


AC ELECTRICAL 
CHARACTERISTICS 
(Continued) 


Tamb = O°C to +70°C, 
or Tamb = -40°C 
to +85°C, 
Vss = OV1, 2 


20MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1/tCLCL 
1 
Oscillator 
frequency 
3.5 
20 
MHz 


tLHLL 
1 
ALE pulse 
width 
60 
2tCLCL-40 
ns 


tAVLL 
1 
Address 
valid 
to ALE low 
25 
tCLCL-25 
ns 


tLLAX 
1 
Address 
hold 
after 
ALE 
low 
25 
tCLCL-25 
ns 


tLLlV 
1 
ALE 
low to valid 
instruction 
in 
135 
4teLCL--65 
ns 


4.LPL 
1 
ALE 
low to I'SElIllow 
25 
tCLCL-25 
ns 


tPLPH 
1 
I'SElIl 
pulse 
width 
105 
3tCLCL-45 
ns 


tPLIV 
1 
I'SElIllow 
to valid 
instruction 
in 
90 
3tCLCL--60 
ns 


tPXIX 
1 
Input 
instruction 
hold after 
I'SElIl 
0 
0 
ns 


tpXIZ 
1 
Input 
instruction 
float 
after 
I'SElIl 
25 
tCLCL-25 
ns 


tAVIV 
1 
Address 
to valid 
instruction 
in 
170 
5teLCL-80 
ns 


tpLAZ 
1 
I'SElIllow 
to address 
float 
10 
10 
ns 


Data Memory 


tAVLL 
2,3 
Address 
valid 
to ALE 
low 
25 
tCLCL-25 
ns 


tRLRH 
2,3 
1'm pulse 
width 
200 
6tCLCL-100 
ns 


tWLWH 
2,3 
WR pulse 
width 
200 
6tCLCL-100 
ns 


tRLOV 
2,3 
1'm low to valid 
data 
in 
160 
5tCLCL-90 
ns 


tRHOX 
2,3 
Data 
hold 
after 1'm 
0 
0 
ns 


tRHOZ 
2,3 
Data 
float 
after 1'm 
72 
2teLCL-28 
ns 


tLLOV 
2,3 
ALE 
low to valid 
data 
in 
250 
8teLCL-150 
ns 


tAVOV 
2,3 
Address 
to valid 
data 
in 
285 
9teLCL-165 
ns 


tLLWL 
2,3 
ALE 
low to 1'm or WI=!low 
100 
200 
3tCLCL-50 
3teLCL+50 
ns 


tAvwL 
2,3 
Address 
valid 
to WR low or 1'm low 
125 
4teLCL-75 
ns 


tavwx 
2,3 
Data 
valid 
to WR transition 
20 
tCLCL-30 
ns 


tow 
2,3 
Data 
setup 
time 
before WR 
220 
7tCLCL-130 
ns 


tWHQX 
2,3 
Data 
hold 
after WR 
25 
tCLCL-25 
ns 


tRLAZ 
2,3 
1'm low to address 
float 
0 
0 
ns 


tWHLH 
2,3 
1'm or WR high to ALE 
high 
25 
75 
tCLCL-25 
teLCL+25 
ns 


Shift Register 


tXLXL 
4 
Serial 
port 
clock 
cycle 
time4 
0.6 
12teLCL 
lis 


taVXH 
4 
Output 
data 
setup 
to clock 
rising 
edge4 
367 
1OtCLCL-133 
ns 


tXHQX 
4 
Output 
data 
hold after 
clock 
rising 
edge4 
40 
2tCLCL-60 
ns 


tXHOX 
4 
Input 
data 
hold after 
clock 
rising 
edge4 
0 
0 
ns 


tXHOV 
4 
Clock 
rising 
edge 
to input 
data 
valid4 
367 
1OteLCL -133 
ns 


External Clock 


teHCX 
5 
High 
time4 
17 
17 
tCLCL- 
4.0W 
ns 


teLCX 
5 
Lowtime4 
17 
17 
teLCL - tHIGH 
ns 


teLCH 
5 
Rise 
time4 
20 
20 
ns 


teHCL 
5 
Fall time4 
20 
20 
ns 


AC ELECTRICAL 
CHARACTERISTICS 
(Continued) 


Tamb= O°Cto +70°C, or Tamb= -40°C to +85°C, Vss = OV1,2 


SYMBOL 
PARAMETER 
INPUT 
OUTPUT 


12CInterface 


tHD;STA 
START condition hold time 
,,14 lcLCL 
> 4.0~s 4 


tLOW 
SCLlowtime 
,,16 tCLCL 
> 4.7~s 4 


tHIGH 
SCL high time 
,,14 lcLCL 
> 4.0~S 4 


tAC 
SCL rise time 
. 
,; 1~s 
_5 


tFC 
SCLfalitime 
';0.3~s 
< 0.3~s 6 


tsu; DAT1 
Data set-up time 
" 250ns 
> 20 lcLCL - tAD 


tsu; DAT2 
SDA set-up time (before rep. START cond.) 
" 250ns 
> 1~s 4 


tsu; DAT3 
SDA set-up time (before STOP cond.) 
" 250ns 
> 8 tCLCL 


tHD; DAT 
Data hold time 
" Ons 
> 8 lcLCL - tFC 


tsu; STA 
Repeated START set-up time 
,,14 lcLCL 4 
> 4.7~s 4 


lsu; STO 
STOP condition set-up time 
" 14 lcLCL 4 
> 4.0~s 4 


tSUF 
Bus free time 
" 14 lcLCL 4 
> 4.7~s 4 


tAD 
SDA rise time 
, 
,; 1~s7 
_5 


tFD 
SDA fall time 
< 300ns7 
< 0.3~s 6 


NOTES: 
1. Parameters are valid over operating temperature range and voltage range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and PSEI'J = 100pF, load capacitance for all other outputs = 80pF. 


3. These values are characterized but not 100% production tested. 
4. At 100 kbiVs. At other bit rates this value is inversely proportional to the bit-rate of 100 kbiVs. 
5. 
Determined by the external bus-line capacitance and the external bus-line pull-resistor, this must be < 1~s. 
6. Spikes on the SDA and SCL lines with a duration of less than 3 tCLCLwill be filtered out. Maximum capacitance on bus-lines SDA and 
seL = 400pF. 
7. t~LCL= 1/fosc = one oscillator clock period at pin XTAL 1. For 63ns < tCLCL< 285ns (16MHz > fosc > 3.5MHz) the 12Cinterface meets the 
I C-bus specification for bit-rates up to 100 kbiVs. 


EXPLANATION 
OF THE AC SYMBOLS 
Each timing symbol has five characters. The 
Q - 
Output data 


first character is always 'I' (= time). The other 
R - 
RU signal 


characters, depending on their positions, 
t 
- 
TIme 
indicate the name of a signal or the logical 
V - 
Valid 


status of that signal. The designations are: 
W - 
WR signal 


A - 
Address 
X - 
No longer a valid logic level 


C - 
Clock 
Z - 
Float 


D - 
Input data 
Examples: 
H - 
Logic levei high 


I 
- 
Instruction (program memory contents) 


L - 
Logic level low, or ALE 


P - I'SEN 


tAVLL= TIme for address valid 
to ALE low. 
tLLPL= TIme for ALE low 
to I'SEN low. 


INPUT 
DATA 
'-----t' 


CLEAR 
RI 


VC~·5 
- 
- 
-- 


O.7VCC 
O.45V 
O.2VC~.l 


VCC-O· 


5 =x 
>C 
O.2VCC+O·9 


O.45V 
._O_.2_V-'C"'C-O'-,_1 
...J 


NOTE, 


AC INPUTS 
DURING 
TESnNG 
ARE DRIVEN 
AT VCC-O.5 
FOR A LOGIC 
'" 
AND 


O.4SV 
FOR 
A lOGIC 
'0'. TIMING 
MEASUREMENTS 
ARE 
MADE 
AT VIH 
MIN 
FOR 
A 


LOGIC 
'" 
AND V,L MAX FOR A LOGIC 
'0'. 


TIMING 


REFERENCE 


POINTS 


NOTE, 


FOR 
TIMING 
PURPOSES, 
A PORT 
IS NO LONGER 
FLOATING 
WHEN 
A lOOMV 
CHANGE 
FROM 
LOAD 
VOLTAGE 
OCCURS, 
AND 
BEGINS 
TO FLOAT 
WHEN 
A 


1QOmV CHANGE 
FROM 
THE LOADED VOHNOL LEVEL OCCURS. 


IOHfJOL 
~ ± 20mA. 


Figure 9. 
Icc Test Condition, 
Active Mode 


All other pins are disconnected 
Figure 10. 
Icc Test Condition, 
Idle Mode 


All other pins are disconnected 


vcc-<>·s- - - - 


O.45V 


Figure 11. 
Clock Signal Waveform 
for Icc 
Tests in Active and Idle Modes 


tCLCL = tCHCL = 10ns 


Figure 12. 
Icc Test Condition, 
Power Down Mode 


All other pins are disconnected 


Vcc = 2V to 5.5V 


NOTE: 


Ports 1.6 and 1.7 should be connected to Vcc through resistors of sufficiently high value such that the sink current into these pins does not 
exceed the IOL1 specification. 


EPROM CHARACTERISTICS 
The 87C652 is programmed by using a 
modified Quick-Pulse Programming'" 
algorithm. It differs from older methods in the 
value used for Vpp (programming suppiy 
voltage) and in the width and number of the 
ALEIPROG pulses. 


The 87C652 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C652 manufactured by Philips 
Components. 


Table 4 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the lock bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 13 and 14. Figure 15 shows 
the circuit configuration for normal program 
memory verification. 


Quick-Pulse 
Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 13. Note that 
the 87C652 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
intemal address and program data transfers. 


The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 13. The code byte to be 
programmed into that location is applied to 
port O.RST, F'SEN and pins of ports 2 and 3 
specified in Table 4 are held at the 'Program 
Code Data' levels indicated in Table 4. The 
ALEIPROG is pulsed low 25 times as shown 
in Figure 14. 


To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 1FH, using the "Pgm 
Encryption Table' levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 


To program the lock bits, repeat the 25 pulse 
programming sequence using the 'Pgm Lock 
Bit' levels. After one lock bit is programmed, 
further programming of the code memory and 
encryption table is disabled. However, the 
other lock bit can still be programmed. 


Note that the r::ANpp pin must not be allowed 
to g<;>above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 


Program Verification 
If lock bit 2 has not been programmed, the 
on-chip program memory can be read out for 
program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 15. The other pins are held at the 
'Verify Code Data' levels indicated in Table 4. 
The contents of the address location will be 
emitted on port O.External pull-ups are 
required on port 0 for this operation. 


If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 


The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 
(030H) 
5H indicates manufactured by 
Philips 
(031H) 
99H indicates 87C652 


ProgramlVerify 
Algorithms 


Any algorithm in agreement with the 
conditions listed in Table 4, and which 
satisfies the timing specifications, is suitable. 


Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary 
effects, 
it 
is recommended 
that an opaque label be 
placed over the window. 
For elevated 


temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-sec/cm2. Exposing the EPROM to an 
ultraviolet lamp of 12,000uW/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. Erasure leaves the 
array in an all 1s state. 


MODE 
RST 
"PS£R 
ALEIPROG 
~pp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program code data 
1 
0 
O' 
Vpp 
1 
0 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 


Pgm encryption table 
1 
0 
O· 
Vpp 
1 
0 
1 
0 


Pgm lock bit 1 
1 
0 
O' 
Vpp 
1 
1 
1 
1 


Pgm lock bit 2 
1 
0 
O· 
Vpp 
1 
1 
0 
0 


NOTES. 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 
2. Vpp = 12.75V ±O.25V. 
3. Vcc = 5V±1 0% during programming and verification. 
A~~ 
receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 100~s (±10~s) and high for a 
minimum of 10~s. 


Vcc 


P1 
PO 


RST 
ElWpP 


P3.6 
ALEIPROO 


P3.7 
87C652 
I'SER 


XTAl2 
P2.7 


P2.6 


XTALl 
P2.o-P2.4 


VSS 
P2.5 


~ 
1 
10"sMIN -1 
"'ISe-----l00IlS±10 ---- 
Sl 


OI 
n~ __ 
~1L- 


Vcc 


P1 
PO 


RST 
ElWpp 


P3.6 
ALEIPROO 


P3.7 
87C652 
I'SER 


XTAL2 
P2.7 


P2.6 


XTAL1 
P2.D-P2.4 


VSS 
P2.5 


EPROM PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb= 
21°C 
to +2rC. 
Vcc 
= 5V±10%. 
vss = OV (see 
Figure 
16) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply 
current 
50 
mA 


1!tcLCL 
Oscillator 
frequency 
. 


4 
6 
MHz 


tAVGL 
Address 
setup 
to l5ROO 
low 
48teLCL 


laHAX 
Address 
hold 
after 
l5ROO 
48teLCL 


tOVGL 
Data 
setup 
to l5ROO 
low 
48teLCL 


tGHOX 
Data 
hold after 
l5ROO 
48teLCL 


tEHSH 
P2.7 (Ef;jASLE) 
high to Vpp 
48teLCL 


tSHGL 
Vpp 
setup 
to l5ROO 
low 
10 
!is 


laHSL 
Vpp 
hold 
after 
l5ROO 
, 
10 
!is 


laLGH 
l5ROOwidth 
90 
110 
!is 


tAVQV 
Address 
to data 
valid 
48teLCL 


tELQZ 
ElIIABl:E 
low to data 
valid 
I 
48teLCL 


tEHQZ 
Data 
float 
after ElIIABl:E 
0 
48teLCL 


laHGL 
l5ROO 
high 
to l5ROO 
low 
10 
!is 


Purchase 
of Philips' 
12C components 
conveys 
a license under the 
Philips' 
12C patent to use the components 
in the 12C-system 
provided 
the system 
conforms 
to the 12C specifications 
defined 
by Philips. 


DESCRIPTION 


The 
P83C654 
Single-Chip 
8-Bit 


Microcontroller 
is manufactured 
in an 


advanced 
CMOS 
process 
and 
is a derivative 


of the 80C51 
microcontroller 
family. 
The 


83C654 
has the same 
instruction 
set as the 


80C51. 
Two versions 
of the derivative 
exist: 


83C654 
- 
16k by1es mask 
programmable 


ROM 


87C654 
- 
EPROM 
version 
(described 
in a 


separate 
data 
sheet) 


This 
device 
provides 
architectural 


enhancements 
that 
make 
it applicable 
in a 


variety 
of applications 
for general 
control 


systems. 
The 
83C654 
contains 
a non-volatile 


16k x 8 read-only 
program 
memory, 
a volatile 


256 x 8 read/write 
data 
memory, 
four 
8-bitl/0 


ports, 
two 
16-bit 
timer/event 
counters 


(identical 
to the timers 
of the 80C51 l, a 


multi-source, 
two-priority-Ievel, 
nested 


interrupt 
structure, 
an 12C interface, 
UART 


and on-chip 
oscillator 
and timing 
circuits. 
For 


systems 
that 
require 
ex1ra capability, 
the 


8XC654 
can be expanded 
using 
standard 


TTL 
compatible 
memories 
and logic. 


The 
device 
also 
functions 
as an arithmetic 


processor 
having 
facilities 
for both 
binary 
and 


BCD 
arithmetic 
plus 
bit-handling 
capabilities. 


The 
instruction 
set consists 
of over 
100 


instructions: 
49 one-by1e, 
45 two-by1e 
and 
17 


three-by1e. 
With 
a 16(24)MHz 
crystal, 
58% 
of 


the instructions 
are executed 
in 0.75(0.5l11S 


and 40% 
in 1.5(1 lllS. 
Multiply 
and divide 


instructions 
require 
3(2l11S. 


voo 


PO.OiADO 


PO.l/ADi 
PO.1IADI 


PO.2/AD2 


PO.2JAD2 


PO.3IAD3 
PO.3IAD3 


PO.4/AD4 
PO.4/AD4 


PO.51ADS 
PO.51AOS 


PO.61AD6 
PO.61AD6 


PO.7/AD7 
PO.7/AD7 


RxO/P3.0 
Ell: 


N.C. 


TxOlP3.1 
ALE 


P2.7/A15 
l'SER 


P2.61A14 
1Il'Tl1P3.3 
P2.7/A15 


P2.51A13 
T0IP3.4 
P2.61A14 


P2.4/A12 
T11P3.5 
P2.51A13 


P2.3IAll 
WRlP3.6 
P2.4/A12 


P2.21A10 
IlO/P3.7 
P2.3IA11 


P2.1/A9 
XTAL2 
P2.2/Al0 


P2.OIA8 
XTAL1 
P2.1/A9 


vss 
P2.OIA8 


• 
80C51 
central 
processing 
unit 


• 
16k x 8 ROM 
expandable 
externally 
to 


641<by1es 


• 
256 x 8 RAM, 
expandable 
ex1emally 
to 


64k by1es 


• 
Two standard 
16-bit 
timer/counters 


• 
Four 
8-bit 
I/O ports 


• 
12C-bus 
serial 
I/O port with 
by1e oriented 


master 
and slave 
functions 


• 
Full-duplex 
UART 
facilities 


• 
Power 
control 
modes 


- 
Idle mode 


- 
Power-down 
mode 


• 
ROM 
code 
protection 


• 
Extended 
frequency 
range: 
1.2 to 24 MHz 


• 
Three 
operating 
ambient 
temperature 


ranges: 


o to 
+70°C 


- 
-40 
to 
+85°C 


- 
-40 
to +125°C 


PLASTIC 
LEADED 
CHIP CARRIER 


PIN FUNCTIONS 


PLASTIC 
QUAD FLAT PACK 
PIN FUNCTIONS 


17 
2. 
11 
23 


18 
28 


12 
22 


Pin 
Function 
Pin 
FunctIon 
Pin 
Function 
Pin 
Function 


1 
NC 
23 
NC 
1 
P1.5 
23 
P2.5/A13 


2 
PI.D 
24 
P2.OIAB 
2 
P1.61SCL 
24 
P2.61A14 


3 
Pl.t 
25 
P2.1/A9 
3 
Pl.7/SDA 
25 
P2.7/A15 


4 
Pl.2 
26 
P2.21Al0 
4 
RST 
26 
l'Srn 


5 
Pl.3 
27 
P2.31All 
5 
P3.OJRxD 
27 
ALE 


6 
Pl.4 
28 
P2.4/A12 
6 
VSS4 
28 
VSS2 


7 
PI.S 
2. 
P2.5/A13 
7 
P3.1fTxD 
2. 
EiWpp 


8 
PI.BlseL 
30 
P2.61A14 
• 
P3.2JlIrnj 
30 
PO.l/AD? 
• 
Pl.7/SDA 
31 
P2.7/A15 
• 


P3.3J1NTf 
31 
PO.61AD6 


10 
RST 
32 
l'Srn 
10 
P3.4fTO 
32 
PO.5IAD5 


11 
P3.OIRxD 
33 
ALE 
11 
P3.5fTl 
33 
PO.4/AD4 
12 
NC 
34 
NC 


12 
P3.6IWR 
34 
PO.31AD3 


13 
P3.1fTxD 
35 
g; 


13 
P3.7/RO 
35 
PO.21AD2 
14 
P3.2JlIrnj 
36 
PO.l/AD? 
14 
XTAl2 
36 
PO.HAD1 


15 
P3.3/lIiITT 
37 
PO.61AD6 
15 
XTAll 
37 
PO.OIADO 


16 
P3.4fTO 
38 
PO.51AD5 


17 
P3.5fTl 
3. 
PO.4/AD4 
16 
VSS1 
38 
VDD 


18 
P3.6IWR 
40 
PO.31AD3 
17 
NC 
3. 
VSS3 
I. 
P3.7/RO 
41 
PO.2/AD2 
18 
P2.0/AB 
40 
PI.D 


20 
XTAL2 
42 
PO.t/AD1 
1. 
P2.1/A9 
41 
Pt.t 


21 
XTAll 
43 
PO.OIADO 
20 
P2.21Al0 
42 
Pl.2 


22 
VSS 
44 
VDD 
21 
P2.31All 
43 
Pl.3 


22 
P2.4/A12 
44 
Pl.4 


NOTES TO QFP ONLY: 
1. Due to EMC improvements, all Vss pins 


(6,16,28,39) 
must be connected to VSS 


on the 80C652183C654. 


PHILIPS PART 
PHILIPS NORTH AMERICA 
TEMPERATURE 
ORDER NUMBER 
PART ORDER NUMBER 
Drawing 
RANGEoC 
FREQ 
PART MARKING 
Number 
MHz2,3 


ROMless1 
ROMless1 
AND PACKAGE 
ROM 
ROM 


P80C652FBP 
P83C654FBP/xxx 
P80C652FBPN 
P83C654FBPN 
SOT129 
o to +70, Plastic Dual In-line Package 
16 


o to +70, Ceramic Dual In-line Package 
16 


wlWindow 


P80C652FBA 
P83C654FBAlxxx 
P80C652FBAA 
P83C654FBAA 
SOT187 
o to +70, Plastic Leaded Chip Carrier 
16 


P80C652FBB 
P83C654FBB/xxx 
P80C652FBBB 
P83C654FBBB 
SOT307-25 
o to +70, Plastic Quad Flat Pack 
16 


P83C654FBR/xxx 
SOT270 
o to +70, Plastic Shrink Dual In-Une Package 


P80C652FFP 
P83C654FFP/xxx 
P80C652FFPN 
P83C654FFPN 
SOT129 
-40 to +85, Plastic Dual In-line Package 
16 


P80C652FFA 
P83C654FFAlxxx 
P80C652FFAA 
P83C654FFAA 
SOT187 
-40 to +85, Plastic Leaded Chip Carrier 
16 


P80C652FFB 
P83C654FFB/xxx 
P80C652FFBB 
P83C654FFBB 
SOT307-25 
-40 to +85, Plastic Quad Flat Pack 
16 


P80C652FHP 
P83C654FHP/xxx 
P80C652FHPN 
P83C654FHPN 
SOT129 
-40 to +125, Plastic Dual In-line Package 
16 


P80C652FHA 
P83C654FHAlxxx 
P80C652FHAA 
P83C654FHAA 
SOT187 
-40 to +125, Plastic Leaded Chip Carrier 
16 


P80C652FHB 
P83C654FHB/xxx 
P80C652FHBB 
P83C654FHBB 
SOT307-25 
-40 to +125, Plastic Quad Flat Pack 
16 


P80C6521BP 
P83C6541BP/xxx 
P80C6521BPN 
P83C6541BPN 
SOT129 
o to +70, Plastic Dual In-line Package 
24 


P80C6521BA 
P83C6541BAlxxx 
P80C652 IBAA 
P83C6541BAA 
SOT187 
o to +70, Plastic Leaded Chip Carrier 
24 


P80C6521BB 
P83C6541BB/xxx 
P80C6521BBB 
P83C6541BBB 
SOT307-25 
o to +70, Plastic Quad Flat Pack 
24 


P80C6521FP 
P83C6541FP/xxx 
P80C6521FPN 
P83C6541FPN 
SOT129 
-40 to +85, Plastic Dual In-line Package 
24 


P80C6521FA 
P83C6541FAlxxx 
P80C6521FAA 
P83C6541FAA 
SOT187 
-40 to +85, Plastic Leaded Chip Carrier 
24 


P80C6521FB 
P83C6541FB/xxx 
P80C6521FBB 
P83C6541FBB 
SOT307-25 
-40 to +85, Plastic Quad Flat Pack 
24 
NOTES: 
1. For full specification, see the 80C652183C652 data sheet. 
2. 
83C654 frequency range is 1.2MHz - 16MHz or 1.2MHz - 24MHz. 
3. 
For specification of the EPROM version, see the 87C654 data sheet. 


4. xxx denotes the ROM code number. 
5. SOT3l1 
replaced by SOT307-2. 


TEMPERATURE 
Drawing 
RANGE'C 
FREQ 
Number 
MHz2,3 


EPROM3 
AND PACKAGE 


S87C654-4N40 
0415C 
o to +70, Plastic Dual In-line Package 
16 


S87C654-4F40 
05906 
o to +70, Ceramic Dual In-line Package 
16 
wlWindow 


S87C654-4A44 
0403G 
o to +70, Plastic Leaded Chip Carrier 
16 


S87C654-4K44 
1472A 
o to +70, Ceramic Leaded Chip Carrier 
16 


wlWindow 


S87C654-4644 
1118D 
o to +70, PlasticQuad Flat Pack 
16 


S87C654-5N40 
0415C 
-40 to +85, Plastic Dual In-line Package 
16 


S87C654-5F40 
05906 
-40 to +85, Ceramic Dual In-line Package 
16 
wlWindow 


S87C654-5A44 
0403G 
-40 to +85, Plastic Leaded Chip Carrier 
16 


S87C654-5K44 
1472A 
-40 to +85, Ceramic Leaded Chip Carrier 
16 
wlWindow 


S87C654-5644 
1118D 
-40 to +85, Plastic Quad Flat Pack 
16 


S87C654-7N40 
0415C 
o to +70, Plastic Dual In-line Package 
20 


S87C654-7F40 
05906 
o to +70, Ceramic Dual In-line Package 
20 
wlWindow 


S87C654-7A44 
0403G 
o to +70, Plastic Leaded Chip Carrier 
20 


S87C654-7K44 
1472A 
o to +70, Ceramic Leaded Chip Carrier 
20 
wlWindow 


S87C654-8N40 
0415C 
-40 to +85, Plastic Dual In-line Package 
20 


S87C654-8F40 
05906 
-40 to +85, Ceramic Dual In-line Package 
20 
wlWindow 


S87C654-8A44 
0403G 
-40 to +85, Plastic Leaded Chip Carrier 
20 


FREQUENCY 
AEFERENCE 
,--'---, 


XTAL2 
XTAU 


DATA 


MEMORY 


(256 x8 
RAM) 


INTO 
INT1 
'--;--J 


EXTERNAL 
INTERRUPTS 


CDUNTERS 
,--'---, 


TO 
T1 


----------1 


1 


1 
I 
I 
I 
I 


1 


1 


I 
I 


1 
I 
I 
I 


PROG 
SERIAL 
PORT 
I 
Sw.~I;,~~~':S 
UtH~ 
I 
--+--------_: 


SDJ 


SHARED 
WITH 
SCL 
PORT 
1 


PIN NUMBER 


MNEMONIC 
DIP 
PLCC 
QFP 
TYPE 
NAME AND FUNCTION 


VSS 
20 
22 
6,16, 
I 
Ground: 
OV reference. With the QFP package all Vss pins (VSS1to VSS4) must be 


28,39 
connected. 


VDD 
40 
44 
38 
I 
Power Supply: This is the power supply voltage for normal, idle, and power-down 
operation. 


PO.O-O.7 
3s-32 
43-36 
37-30 
1/0 
Port 0: Port 0 is an open-drain, bidirectional 1/0 port. Port 0 pins that have 1s written to them 
float and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order 
address and data bus during accesses to external program and data memory. In this 
application, it uses strong internal pull-ups when emitting 1s. 


P1.D-P1.7 
1-8 
2-9 
40-44, 
1/0 
Port 1: Port 1 is an 8-bit bidirectional 1/0 port with internal pull-ups, except P1.6 and P1.7 


1-3 
which are open drain. Port 1 pins that have 1s written to them are pulled high by the internal 
pull-ups and can be used as inputs. As inputs, port 1 pins that are extemally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: 
IILl. 
Alternate functions include: 


P1.6 
7 
8 
2 
1/0 
SCL: 
12C-bus serial port clock line. 
P1.7 
8 
9 
3 
1/0 
SDA: 12C-busserial port data line. 


P2.D-P2.7 
21-28 
24-31 
18-25 
1/0 
Port 2: Port 2 is an 8-bit bidirectional 1/0 port with intemal pull-ups. Port 2 pins that have 1s 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the intemal 
pull-ups. (See DC Electrical Characteristics: IILl. Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to extemal data memory 
that use 16-bit addresses (MOVX @DPTR). In this application, it uses strong intemal 
pull-ups when emitting 1s. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. 


P3.D-P3.7 
1D-17 
11, 
5, 
1/0 
Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3 pins that have 1s 
1~19 
7-13 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 3 pins that are externally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: IILl. Port 3 also serves the special features of the 80C51 
family, as listed below: 


10 
11 
5 
I 
RxD (P3.0): Serial input port 


11 
13 
7 
0 
TxD (P3.1): Serial output port 
12 
14 
8 
I 
INTO (P3.2): Extemal interrupt 
13 
15 
9 
I 
!RTf (P3.3): External interrupt 
14 
16 
10 
I 
TO (P3.4): Timer 0 external input 
15 
17 
11 
I 
T1 (P3.5): Timer 1 external input 
16 
18 
12 
0 
WR (P3.6): External data memory write strobe 


17 
19 
13 
0 
"1m (P3.7): External data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to VSSpermits a power-on reset using only an extemal 
capacitor to VDD. 


ALE 
30 
33 
27 
1/0 
Address 
Latch Enable: Output pulse for latching the low byte of the address during an 
access to external memory. In normal operation, ALE is emitted at a constant rate of 1/6 the 
oscillator frequency. Note that one ALE pulse is skipped during each access to external data 
memory. 


pgrn 
29 
32 
26 
0 
Program Store Enable: Read strobe to external program memory via Port 0 and Port 2. It is 
activated twice each machine cycle during fetches from the external program memory. When 
executing out of external program memory two activations of pgrn are skipped during each 
access to external data memory. pgrn is not activated (remains HIGH) during no fetches 
from external program memory. pgrn can sink/source 8 LSTTL inputs and can drive CMOS 
inputs without external pulf-ups. 


EA 
31 
35 
29 
I 
External Access: 
If during a RESET, EA is held at TTL, level HIGH, the CPU executes out 
of the internal pro~m 
memory ROM provided the Program Counter is less than 16384. If 
during a RESET, 
is held a TTL LOW level, the CPU executes out of external program 
memory. EA is not allowed to float. 


XTAL1 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator 


circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


NOTE: 
To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher than VDD + 0.5V or Vss - 0.5V, respectively. 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 
RESET 


ADDRESS 
MSB 
LSB 
VALUE 


ACC' 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
El 
EO 
OOH 


B' 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
Fl 
FO 
OOH 


DPTR: 
Data pointer 


(2 bytes) 


DPH 
Data pointer high 
83H 
OOH 


DPL 
Data pointer low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE'# 
Interrupt enable 
A8H 
EA 
I 
I 
ESl 
I 
ESO I 
ETl 
I 
EXl 
I 
ETO I 
EXO 
OxOOOOOOB 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP'# 
Interrupt priority 
B8H 
- 
I 
I 
PSl 
I 
PSO I 
PTl 
I 
PXl 
I 
PTO I 
PXO 
xxOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO' 
PortO 
80H 
AD7 I AD6 I 
AD5 
I 
AD4 I 
AD3 
I 
AD2 
I 
ADl 
I 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


Pl'# 
Port 1 
90H 
SDA I SCL I 
I 
I 
I 
I 
I 
FFH 


A7 
A6 
A5 
A4 
A3 
A2 
Al 
AO 


P2' 
Port 2 
AOH 
A15 I A14 I 
A13 
I 
A12 
I 
All 
I 
Al0 
I 
A9 
I 
A8 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
Bl 
BO 


P3' 
Port 3 
BOH 
"FIDI 
WR 
I 
Tl 
I 
TO 
I 
INTT 
I mo 
I 
TXD 
I 
RXD 
FFH 


PCON 
Power control 
87H 
SMOD I - 
I 
- 
I 
- 
I 
GFl 
I 
GFO I 
PO 
I 
IDL 
OxxxOOOOB 


9F 
9E 
90 
9C 
9B 
9A 
99 
98 


SOCOW# 
Serial 0 port control 
98H 
SMO I SMl 
I 
SM2 
I 
REN I 
TB8 
I 
RB8 I 
TI 
I 
RI 
OOH 


SOBUF# 
Serial 0 data buffer 
99H 
xxxxxxxxB 


07 
06 
05 
04 
03 
02 
01 
DO, 


PSW' 
Program status word 
DOH 
CY 
I 
AC 
I 
FO 
I 
RSl 
I 
RSO I 
OV 
I 
Fl 
I 
P 
OOH 


SlDAT# 
Serial 1 data 
DAH 
OOH 


SP 
Stack pointer 
81H 
07H 


SlADR# 
Serial 1 address 
DBH 
SLAVE ADDRESS 
I 
GC 
OOH 


SlSTA# 
Serial 1 status 
D9H 
SC4 I SC3 I 
SC2 
I 
SCl 
I 
SCO I 
0 
I 
0 
I 
0 
F8H 


OF 
DE 
DO 
DC 
DB 
DA 
09 
08 


SlCOW# 
Serial 1 control 
D8H 
CR2 I ENSl I 
STA 
I 
STO 
I 
SI 
I 
AA 
I 
CRl 
I 
CRO 
OOOOOOOOB 


8F 
8E 
80 
8C 
8B 
8A 
89 
88 


TCOW 
Timer control 
88H 
TFl 
I TRl 
I 
TFO I 
TRO I 
IEl 
I 
ITl 
I 
IEO 
I 
ITO 
OOH 


THl 
Timer high 1 
8DH 
OOH 


THO 
Timer high 0 
8CH 
OOH 


TL1 
Timer low 1 
8BH 
OOH 


THO 
Timer low 0 
8AH 
OOH 


TMOD 
Timer mode 
89H 
GATE I 
CfT 
I 
Ml 
I 
MO 
I GATE I 
CfT 
I 
Ml 
I 
MO 
OOH 


ROM CODE PROTECTION 
(83C654) 
The 83C654 has an additional security 
feature. 
ROM code protection may be 


selected by selling a mask-vrogrammable 
security bit (i.e., user dependent). 
This 


feature may be requested during ROM code 
submission. 
When selected, the ROM code 


is protected and cannot be read out at any 
time by any test mode or by any instruction in 
the external program memory space. 


The MOVC instructions are the only 
instructions that have access to program 
code in the intemal or external program 
memory. The EA input is latched during 
RESET and is "don't care" after RESET 
(also if the security bit is not set). This 
implementation prevents reading internal 
program code by switching from external 
program memory to internal program memory 
during a MOVC instruction or any other 
instruction that uses immediate data. 


OSCILLATOR 
CHARACTERISTICS 
XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol, 
page 955. 


To drive the device from an extemal clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the extemal 
clock signal, because the input to the intemal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 


Reset 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on VDDand RST must 
come up at the same time for a proper 
start-up. 


Idle Mode 
In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle' 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 


enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


Power-Down 
Mode 


In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. The 
control bits for the reduced power modes are 
in the special function register PCON. Table 2 
shows the state of the 1/0 ports during low 
current operating modes. 


12C SERIAL 
COMMUNICATION 
- 
SIOl 
The 12C serial port is identical to the 12C 
serial port on the 8XC552. The operation of 
this subsystem is described in detail in the 
8XC552 section of this manual. 


Note that in both the 8XC65214 
and the 


8XC552 the 12Cpins are alternate functions 
to port pins Pl.6 and Pl.7. Because of this, 
Pl.6 and Pl .7 on these parts do not have a 
pull-up structure as found on the 80C51. 
Therefore Pl.6 and Pl. 7 have open drain 
outputs on the 8XC65214. 


PROGRAM 
MODE 
MEMORY 
ALE 
J5SEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
a 
a 
Data 
Data 
Data 
Data 


Power-down 
External 
a 
a 
Float 
Data 
Data 
Data 


BIT FREQUENCY 
(kHZ) AT fose 


CR2 
CRl 
CRO 
6MHz 
12MHz 
16MHz 
24MHz 
losc 
DIVIDED BY 
a 
a 
a 
23 
47 
62.5 
94 
256 


a 
a 
1 
27 
54 
71 
107' 
224 


a 
1 
a 
31.25 
62.5 
83.3 
1251 
192 


a 
1 
1 
37 
75 
100 
1501 
160 


1 
a 
a 
6.25 
12.5 
17 
25 
960 
1 
a 
1 
50 
100 
1331 
2001 
120 


1 
1 
a 
100 
200' 
267' 
4001 
60 


1 
1 
1 
0.24 < 62.5 
0.49 < 62.5 
0.65 < 55.6 
0.98 < 50.0 
96 X (256 - (reload value Timer 1» 
a to 255 
a to 254 
a to 253 
Oto 251 
reload value range Timer 1 (in mode 2) 


ABSOLUTE 
MAXIMUM 
RATINGS1, 
2, 3 


PARAMETER 


Storage temperature range 


Voltage on any other pin to Vss 


Input, output current on any single pin 


Power 
dissipation 
(based 
on 
package 
heat 
transfer 


limifations, not device power consumption) 


NOTES: 
1. Stresses above those iisted under Absolute Maximum Ratings may cause permanent 


damage to the device. This is a stress rating only and functional operation of the device at 
these or any conditions other than those described in the AC and DC Electrical 
Characteristics section of this specification is not implied. 


2. This product includes circuitry specifically designed for the protection of its internal devices 
from the damaging effects of excessive static charge. Nonetheless, it is suggested that 
conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All 
voltages are with respect to Vss unless otherwise noted. 


SUPPLY VOLTAGE 
FREQUENCY 
TEMPERATURE 


(V) 
(MHz) 
RANGE 


TYPE 
MIN. 
MAX. 
MIN. 
MAX. 
(DC) 


P83C654FBx 
4.0 
6.0 
1.2 
16 
o to +70 


P83C654FFx 
4.0 
6.0 
1.2 
16 
-40 to +85 


P83C654FHx 
4.5 
5.5 
1.2 
16 
-40 to +125 


P83C6541Bx 
4.5 
5.5 
1.2 
24 
o to +70 


P83C6541Fx 
4.5 
5.5 
1.2 
24 
-40 to +85 


DC ELECTRICAL 
CHARACTERISTICS 


vss = OV 
TEST 
LIMITS 


SYMBOL 
PARAMETER 
PART TYPE 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Vil 
Input low voltage, 
except tA, P1.6/SCL, Pl.7/SDA 
o to +70oC 
-{).5 
0.2Voo-{)·1 
V 


-40 to +B5°C 
-{).5 
0.2Voo-{)·15 
V 


-40 to +125°C 
-{).5 
0.2Voo-{)·25 
V 


VIL1 
Input low voltage to tA 
o to +70oC 
-{).5 
0.2Voo-{)·3 
V 


-40 to +B5°C 
-{).5 
0.2Voo-{)·35 
V 


-40 to +125°C 
-{).5 
0.2Voo-{).45 
V 


VIl2 
Input low voltage to Pl.6/SCL, 
Pl.7/SDA6 
-{).5 
0.3Voo 
V 


VIH 
Input high voltage, except XTAL1, RST, 
Pl.6/SCL, 
Pl.7/SDA 
o to +70°C 
0.2Voo+0.9 
Voo+0.5 
V 


-40 to +B5°C 
0.2Voo+l.0 
Voo+0.5 
V 


-40 to +125°C 
0.2Voo+l.0 
Voo+0.5 
V 


VIH1 
Input high voltage, XTAL1, RST 
o to +70oC 
0.7Voo 
Voo+0.5 
V 


-40 to +B5°C 
0.7Voo+0.l 
Voo+0.5 
V 


-40 to +125°C 
0.7Voo+0.l 
Voo+0.5 
V 


VIH2 
Input high voltage, Pl.6/SCL, 
P1.7/SDA6 
O·7Voo 
6.0 
V 


VOL 
Output low voltage, ports 1, 2, 3, 
IOl = 1.6mAB,9 
0.45 
V 
except Pl.6/SCL, 
Pl.7/SDA 


VOL1 
Output low voltage, port 0, ALE, !'S1:1iI 
IOl = 3.2mAB, 9 
0.45 
V 


VOl2 
Output low voltage, Pl.6/SCL, 
Pl.7/SDA 
IOl= 3.0mA 
0.4 
V 


VOH 
Output high voitage, ports 1,2,3, 
ALE, !'S1:1iI10 
IOH=-60J.lA 
2.4 
V 


IOH=-25J.lA 
0.75Voo 
V 


IOH= -10J.lA 
0.9VOD 
V 


VOH1 
Output high voltage; port 0 in external bus mode 
IOH= -BOOJ.lA 
2.4 
V 


IOH=-300J.lA 
0.75Voo 
V 


IOH=-80J.1A 
0.9Voo 
V 


III 
Logical 0 input current, ports 1, 2, 3, 
except Pl.6/SCL, 
Pl.7/SDA 
o to +70oC 
V1N= 0.45V 
-50 
J.lA 


-40 to +B5°C 
-75 
J.1A 


-40 to +125°C 
-75 
J.1A 


ITl 
Logical l-to-O transition current, ports 1, 2, 3, 
except Pl.6/SCL, 
P1.7/SDA 
o to +70°C 
See note 7 
-650 
J.lA 


-40 to +B5°C 
-750 
J.lA 


-40 to +125°C 
-750 
J.lA 


1L1 
Input leakage current, port 0, Ell 
0.45V < VI < Voo 
+10 
J.lA 


Il2 
Input leakage current, Pl.6/SCL, 
Pl.7/SDA 
OV <VI < 6.0V 
±10 
J.lA 


OV < Voo < 6.0V 
J.lA 


100 
Power supply current: 
See note 1 


Active mode @ 16MHz2, 11 
Voo=6.0V 
2B.0 
mA 


Active mode @ 24MHz2, 11 
Voo=5.5V 
35.0 
mA 


Idle mode @ 16MHz3, 11 
6 
mA 
Idle mode @ 24MHz3, 11 
7 
mA 
Power down mode4, 5 
50 
J.1A 
Power down mode4, 5 
-40 to +125°C 
100 
J.1A 


RRST 
Intemal reset pull-down resistor 
50 
150 
k.Q 


CIO 
Pin capacitance 
Freq.-1MHz 
10 
pF 


NOTES FOR DC ELECTRICAL CHARACTERISTICS: 
1. See Figures 9 through 11 for 100 test conditions. 
2. The operating supply current is measured with ail output pins disconnected; XTAL1 driven with tr = tf = 5ns; 


VIL = Vss + 0.5V; VIH= Voo-D.5V; 
XTAL2 not connected; EA = RST = Port 0 = Pl.6 = Pl.? = Voo. See Figure 9. 
3. The idle mode supply current is measured with ail output pins disconnected; XTAL1 driven with tr = tf = 5ns; VIL = Vss + 0.5V; 


VIH= Voo -D.5V; XTAL2 not connected; Port 0 = P1.6 = Pl.? = Voo; EA = RST = Vss. See Figure 10. 


4. The power-down current is measured with ail output pins disconnected; XTAL2 not connected; Port 0 = Pl.6 = Pl.? = Voo; 


EA = RST = Vss. See Figure 11. 


5. 2V ::; Vpo ::; Voomax. 
6. The input threshold voltage of Pl.6 and Pl.? (SI01) meets the 12C specification, so an input voltage below 0.3Voo wiil be recognized as a 


logic 0 while an input voltage above O.?Voo will be recognized as a logic 1. 
? 
Pins of ports 1 , 2, and 3 source a transition current when they are being externaily driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 2V. 
8. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLSof ALE and ports 1 and 3. The noise is due 


to external bus capacitance discharging into the port 0 and port 2 pins when these pins make l-to-O transitions during bus operations. In the 
worst cases (capacitive loading> 
100pF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 


ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 


9. 
Under steady state (non-transient) conditions, IOLmust be externaily limited as foilows: Maximum IOL= 10mA per port pin; Maximum 
IOL= 26mA total for Port 0; Maximum IOL= 15mA total for Ports 1,2, and 3; Maximum IOL= ?1mA total for ail output pins. If IOLexceeds the 
test conditions, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed test conditions. 


10. Capacitive loading on ports 0 and 2 may cause the VOHon ALE and l"SEN 
to momentarily fail below the 0.9Voo specification when the 
address bits are stabilizing. 
11. loOMAXfor other frequencies can be derived from Figure 1, where FREQ is the externai oscillator frequency in MHz. looMAX is given in mA. 


(1) ,/' 


./ 
,,/ 


./ V 


./ /" 


/' 
•...... 


(2) - 
- 


(1) MAXIMUM 
OPERATING 
MODE: voo = vODmax 


(2) MAXIMUM 
IDLE MODE: 
Voo 
= VODmax 


These 
values 
are valid wIthin 
the specified 
frequency 
fange. 
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100 
(mA) 


40 


(1) MAXIMUM 
OPERATING 
MODE: 
Von 
= VODmax 


(2) MAXIMUM 
IDLE MODE: 
Von 
= VODmax 


These 
values 
are valid within 
the specified 
frequency 
range. 


16MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


l/lclCl 
2 
Oscillator frequency 
1.2 
16 
MHz 


tlHLL 
2 
ALE pulse width 
85 
2telCl-40 
ns 


tAvll 
2 
Address valid to ALE low 
8 
tClCl-55 
ns 


tllAX 
2 
Address hold after ALE low 
28 
tClCl-35 
ns 


ILLiv 
2 
ALE low to valid instruction in 
150 
4lclCl-100 
ns 


ILlPl 
2 
ALE low to PSEl'Ilow 
23 
tClCl-40 
ns 


tPlPH 
2 
PSEl'I pulse width 
143 
3tClCl-45 
ns 


tPLIV 
2 
PSEl'Ilow 
to valid instruction in 
83 
3lclCl-105 
ns 


tPXIX 
2 
Input instruction hold after PSEl'I 
0 
0 
ns 


tPXIZ 
2 
Input instruction float after PSEl'I 
38 
lclCl-25 
ns 


tAVIV 
2 
Address to valid instruction in 
208 
. 
5tClCl-105 
ns 


tpLAZ 
2 
PSEl'Ilow 
to address float 
10 
10 
ns 


Data Memory 


tRlRH 
3,4 
RU pulse width 
275 
6tClCl-100 
ns 


tWlWH 
3,4 
WR pulse width 
, 
275 
6lclCl-100 
ns 


tRlOV 
3,4 
RU low to valid data in 
148 
5lclCl-165 
ns 


tRHOX 
3,4 
Data hold after RU 
0 
0 
ns 


tRHOZ 
3,4 
Data float after RU 
55 
2lclCl-70 
ns 


ILlov 
3,4 
ALE low to valid data in 
350 
8lclcl-150 
ns 


tAVOV 
3,4 
Address to valid data in 
398 
9tClCl-165 
ns 


tllWl 
3,4 
ALE low to RU or WR low 
138 
238 
3tClCl-50 
3tClCl+50 
ns 


tAVWl 
3,4 
Address valid to WR low or RU low 
120 
4tClCl-130 
ns 


tevwx 
3,4 
Data valid to WR transition 
3 
tClCl-60 
ns 


tow 
3,4 
Data setup time before WR 
288 
7tClCl-150 
ns 


tWHQX 
3,4 
Data hold after WR 
13 
tClCl-50 
ns 


tRlAZ 
3,4 
RU low to address float 
0 
0 
ns 


tWHlH 
3,4 
RU or WR high to ALE high 
23 
103 
tClCl-40 
tClCl+40 
ns 


Shift Register 


tXLXl 
5 
Serial port clock cycle time3 
0.75 
12lclCl 
f1S 


teVXH 
5 
Output data setup to clock rising edge3 
492 
10lclCl -133 
ns 


tXHQX 
5 
Output data hold after clock rising edge3 
80 
2lclCl-117 
ns 


tXHOX 
5 
Input data hold after clock rising edge3 
0 
0 
ns 


tXHOV 
5 
Clock rising edge to input data valid3 
492 
lotClCl-133 
ns 


External Clock 


lcHCX 
6 
High time3 
20 
20 
lclCl 
- lclCX 
ns 


lclCX 
6 
Lowtime3 
20 
20 
lclCl 
lcHCX 
ns 


tClCH 
6 
Rise time3 
I 
20 
20 
ns 


lcHCl 
6 
Fall time3 
20 
20 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and PSEl'I = 100pF, load capacitance for all other outputs = 80pF. 


3. These values are characterized but not 100% production tested. 


24MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1/tClCl 
2 
Oscillator frequency 
1.2 
24 
MHz 


tlHll 
2 
ALE pulse width 
43 
2lclCl--40 
ns 


tAVll 
2 
Address valid to ALE low 
17 
tClCl-25 
ns 


tllAX 
2 
Address hold after ALE low 
17 
'tClCl-25 
ns 


tLLlV 
2 
ALE low to valid instruction in 
102 
4tClCl-65 
ns 


tllPl 
2 
ALE low to F'"SE1\J low 
17 
tClCl-25 
ns 


tplPH 
2 
F'"SE1\J pulse width 
80 
3tClCL-45 
ns 


tPLIV 
2 
F'"SE1\J low to valid instruction in 
65 
3tClCl-60 
ns 


tPXIX 
2 
Input instruction hold after F'"SE1\J 
0 
0 
ns 


tPXIZ 
2 
Input instruction float after F'"SE1\J 
17 
tClCl-25 
ns 


tAVIV 
2 
Address to valid instruction in 
128 
5tClCl-80 
ns 


tpLAZ 
2 
F'"SE1\J low to address float 
10 
10 
ns 


Data Memory 


tRlRH 
3,4 
RD pulse width 
150 
6tClCl-100 
ns 


tWlWH 
3,4 
WR pulse width 
, 
150 
6tClCl-100 
ns 


tRlDV 
3,4 
RD low to valid data in 
118 
5tClCl-90 
ns 


tRHDX 
3,4 
Data hold after RD 
~ 
0 
0 
ns 


tRHDZ 
3,4 
Data float after RD 
, 
55 
2tClCl-28 
ns 


tllDV 
3,4 
ALE low to valid data in 
180 
8tClCl-150 
ns 


tAVDV 
3,4 
Address to valid data in 
210 
9tClCl-165 
ns 


tllWl 
3,4 
ALE low to RD or WR low 
75 
175 
3tClCl-50 
3tClCl+50 
ns 


tAVWl 
3,4 
Address valid to WR low or RD low 
92 
4tClCl-75 
ns 


tavwx 
3,4 
Data valid to WR transition 
12 
tClCl-30 
ns 


tDW 
3,4 
Data setup time before WR 
162 
7tClCl-130 
ns 


tWHQX 
3,4 
Data hold after WR 
17 
tClCl-25 
ns 


tRlAZ 
3,4 
RD low to address float 
0 
0 
ns 


tWHlH 
3,4 
RD or WR high to ALE high 
17 
67 
tClCl-25 
tClCl+25 
ns 


Shift Register 


tXlXl 
5 
Serial port clock cycle time3 
0.5 
12tClCl 
fis 


taVXH 
5 
Output data setup to clock rising edge3 
283 
1OtClCl-133 
ns 


tXHQX 
5 
Output data hold after clock rising edge3 
23 
2tClCl-60 
ns 


tXHDX 
5 
Input data hold after clock rising edge3 
0 
0 
ns 


tXHDV 
5 
Clock rising edge to input data valid3 
283 
1OtClCl-133 
ns 


External Clock 


tCHCX 
6 
High time3 
17 
17 
tClCl - tClCX 
ns 


tClCX 
6 
Low time3 
17 
17 
tClCl - tCHCX 
ns 


tClCH 
6 
Rise time3 
5 
5 
ns 


tCHCl 
6 
Fall time3 
5 
5 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and F'"SE1\J = 100pF, load capacitance for all other outputs = 80pF. 


3. These values are characterized but not 100% production tested. 


SYMBOL 
PARAMETER 
INPUT 
OUTPUT 


SCL 
TIMING 
CHARACTERISTICS 


tHD; STA 
START 
condition 
hold 
time 
~ 14 lcLCL 
> 4.011s' 


tLOw 
SCL 
LOW 
time 
~ 16 lcLCL 
> 4.7I1S' 


tHIGH 
SCL 
HIGH 
time 
~ 14 lcLCL 
> 4.011s' 


tRC 
SCL 
rise time 
$111S 
- 2 


tFC 
SCL 
fall time 
$ 0.311S 
< 0.311S3 


SDA 
TIMING 
CHARACTERISTICS 


tsu; 
DAT1 
Data 
set-up 
time 
~ 250ns 
> 20 tCLCL - tRD 


tsu; 
DAT2 
SDA 
set-up 
time 
(before 
rep. START 
cond.) 
~ 250ns 
> 111S' 


tsu; 
DAT3 
SDA 
set-up 
time 
(before 
STOP 
cond.) 
~ 250ns 
> 8 tCLCL 


4m; OAT 
Data 
hold time 
~ Ons 
> 8 tCLCL - tFC 


tsu; 
STA 
Repeated 
START 
set-up 
time 
~ 14 lcLCL 
> 4.711S' 


tsu; 
STO 
STOP 
condition 
set-up 
time 
~ 14 lcLCL 
> 4.011S1 


tauF 
Bus free time 
~ 14 tCLCL 
> 4.7I1S 
' 


tRD 
SDA 
rise time 
$111S 
- 2 


tFD 
SDAfalitime 
$ 0.311S 
< 0.311S3 


NOTES: 
1. 
At 100 kbiVs. 
At other 
bit rates 
this value 
is inversely 
proportional 
to the bit-rate 
of 100 kbiVs. 


2. 
Determined 
by the ex1ernal 
bus-line 
capacitance 
and the external 
bus-line 
pull-resistor, 
this must 
be < 111S. 


3. 
Spikes 
on the SDA 
and 
SCL 
lines 
with 
a duration 
of less than 
3 tCLCL will be filtered 
out. 
Maximum 
capacitance 
on bus-lines 
SDA 
and 
SCL = 400pF. 
4. 
lcLCL = 1/fosc 
= one oscillator 
clock 
period 
at pin XTAL 1. For 63ns 
(42ns) 
< tCLCL < 285ns 
(16MHz 
(24M Hz) > fosc 
> 3.5MHz) 
the SI01 
interface 
meets 
the 
12C-bus 
specification 
for bit-rates 
up to 100 kbiVs. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
Q - 
Output data 
first character is always 'I' (= time). The other 
R - 
FID signal 


characters, depending on their positions, 
t 
- 
Time 
indicate the name of a signal or the logical 
V - 
Valid 


status of that signal. The designations are: 
W - 
WR signal 


A - 
Address 
X - 
No longer a valid logic level 


C - 
Clock 
Z - 
Float 


D - 
Input data 
Examples: tAVLL= Time for address valid 


H - 
Logic level high 
to ALE low. 


I 
- 
Instruction (program memory contents) 
tLLPL= Time for ALE low 
L - 
Logic level low, or ALE 
to l'SEN low. 


P - l'SEN 


r- tXLXl-1 


OUTPUT 
DATA 
t 
WAITETOSBUF 


taVXH I~ r tXHQX 
I 


\~--JX~--JX_~X~~X_~X~~X~~X'-----J7 
t 


INPUT 
DATA 


~' 


CLEAR 
RI 


VOO-<>·5=x 
>C 
O.2VOO+ll9 


O.45V 
.~O._2V~O~O-<>~·_1 
--, 


NOTE: 


AC INPUTS 
DURING 
TESTING 
ARE DRIVEN 
AT VOO-o.5 
FOR A lOGIC 
'1' AND 


O.45V FOR A LOGIC 
'0', TIMING 
MEASUREMENTS 
ARE 
MADE 
AT VIH MIN FOR A 


LOGIC 
'1' AND VIL MAX FOR A LOGIC 
'0'. 


TIMING 
REFERENCE 
POINTS 


NOTE: 
FOR TIMING 
PURPOSES, 
A PORT 
IS NO LONGER 
FLOATING 
WHEN 
A 100MV 
CHANGE 
FROM 
LOAD 
VOLTAGE 
OCCURS, 
AND BEGINS 
TO FLOAT WHEN 
A 


1DOmV CHANGE 
FROMTHE LOADED 
VOHNOL LEVEL 
OCCURS. 
loHlloL ~ ± 
20mA. 


Figure 9. 
100 Test Condition, 
Active Mode 
All other pins are disconnected 
Figure 10. 
100 Test Condition, 
Idle Mode 


All other pins are disconnected 


RST 


EX 


(NC) 
XTAL2 
P1.6 


P1.7 


XTALl 


vSS 


Figure 11. 
100 Test Condition, 
Power Down Mode 
All other pins are disconnected. 
Voo = 2V to 5.5V 


NOTE: 


Ports 1.6 and 1.7 should be connected to Vcc through resistors of sufficiently high value such that the sink current into these pins does not 
exceed the Iou specification. 


Purchase 
of Philips' 
12Ccomponents 
conveys 
a license 
under the 


Philips' 
12C patent to use the components 
in the 12C-system 


provided 
the system 
conforms 
to the 12Cspecifications 
defined 
by Philips. 


DESCRIPTION 
The 87C654 Single-Chip 8-Bit Microcontroller 
is manufactured in an advanced CMOS 
process and is a derivative of the 80C51 
microcontroller family. The 87C654 has the 
same instruction set as the 80C51. Two 
versions of the derivative exist: 


83C654-16k 
bytes mask programmable 
ROM 


87C654-EPROM 
version 


This device provides architectural 
enhancements that make it applicable in a 
variety of applications for general control 
systems. The 87C654 contains a non-volatile 
16k x 8 EPROM, a volatile 256 x 8 readlwrite 
data memory, four 8-bit I/O ports, two 16-bit 
timer/event counters (identical to the timers of 
the 80C51), a multi-source, two-priority-Ievel, 
nested interrupt structure, an j2C interface, 
UART and on-chip oscillator and timing 
circuits. For systems that require extra 
capability, the 87C654 can be expanded 
using standard TIL compatible memories 
and logic. 


The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-byte, 45 two-byte and 17 
three-byte. With a 16MHz crystal, 58% of the 
instructions are executed in 0.7511Sand 40% 
in 1.5I1S.Multiply and divide instructions 
require 311s. 


PO.1/AD1 


PO.21AD2 


PO.31AD3 


P1.5 
PO.4/AD4 


PO.5/AD5 


PO.61AD6 


PO.l/AD? 


• 80C51 central processing unit 


• 16k x 8 EPROM expandable externally to 
64k bytes 


• 256 x 8 RAM, expandable externally to 
64k bytes 


• Two standard 16-bit timer/counters 


• Four 8-bit I/O ports 


• 12C-busserial I/O port with byte oriented 
master and slave functions 


• Full-duplex UART facilities 


• Power control modes 


- 
Idle mode 


- 
Power-down mode 


• Five package styles 


• Extended temperature range 


• OTP package available 


• Three speed ranges 


- 
16MHz 


- 20MHz 


P2.21A10 


P2.1/A9 


CERAMIC 
AND PLASTIC 
LEADED 
PLASTIC 
QUAD FLAT PACK 


CHIP CARRIER 
PIN FUNCTIONS 
PIN FUNCTIONS 


40 


39 
33 


17 
29 
11 
23 


18 
28 
12 
22 


Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 


1 
NC 
23 
NC 
1 
Pl.5 
23 
P2.51A13 


2 
Pl.D 
24 
P2.OIAS 
2 
Pl.61SCL 
24 
P2.61A14 


3 
Pl.1 
25 
P2.11A9 
3 
Pl.7/S0A 
25 
P2.7/A15 


4 
Pl.2 
26 
P2.21Al0 
4 
RST 
26 
I'SEN 


5 
Pl.3 
27 
P2.31Al1 
5 
P3.OIRxD 
27 
ALEIP110G 


6 
P1.4 
28 
P2.41A12 
6 
NC 
28 
NC 


7 
P1.5 
29 
P2.51A13 
7 
P3.1n"xD 
29 
EJ\Npp 


8 
Pl.6ISCL 
30 
P2.61A14 
8 
P3.2J'I"IiI'ro 
30 
PO.l/AD7 


9 
Pl.7/SDA 
31 
P2.7/A15 
9 
P3.3IIlrn" 
31 
PO.61AD6 
10 
RST 
32 
I'SEN 
10 
P3.4ITO 
32 
PO.5/AD5 


11 
P3.OIRxD 
33 
ALEIP110G 
11 
P3.5fTl 
33 
PO.4/AD4 
12 
NC 
34 
NC 
12 
P3.6IWR 
34 
PO.31AD3 


13 
P3.11TxO 
35 
EJ\Npp 
13 
P3.7Rll 
35 
PO.21A02 


14 
P3.2J'I"IiI'ro 
36 
PO.l/AD7 
14 
XTAL2 
36 
PO.l/AD1 


15 
P3.3IIlrn" 
37 
PO.61A06 
15 
XTAU 
37 
PO.OIADO 


16 
P3.4fTO 
38 
PO.StAOS 
16 
VSS 
38 
VCC 
17 
P3.5fTl 
39 
PO.4/AD4 
17 
NC 
39 
NC 
18 
P3.6IWR 
40 
PO.31AD3 
18 
P2.OIAB 
40 
Pl.D 


19 
P3.7/RO 
41 
PO.2IAD2 
19 
P2.1/A9 
41 
P1.1 


20 
XTAL2 
42 
PO.l/ADl 
20 
P2.2/Al0 
42 
Pl.2 


21 
XTALl 
43 
PO.OIAOO 
21 
P2.31Al1 
43 
Pl.3 


22 
VSS 
44 
VCC 
22 
P2.41A12 
44 
P1.4 


PHILIPS PART 
ORDER NUMBER 
PHILIPS NORTH AMERICA 
TEMPERATURE 
PART MARKING 
PART ORDER NUMBER 
RANGEoC 


ROMless 
ROM 
ROMless 
ROM 
Drawing 
AND PACKAGE 
FREQ 


Number 
MHz 


P80C652FBP 
P83C654FBP/xxx 
S80C652FBPN 
S83C654FBPN 
SOT129 
o to +70, Plastic Dual In-line Package 
16 


o to +70, Ceramic Dual In-line Package 
16 


wlWindow 


P80C652FBA 
P83C654FBAlxxx 
S80C652FBAA 
SS3C654FBAA 
SOT1S7 
o to +70, Plastic Leaded Chip Carrier 
16 


PSOC652FBB 
PS3C654FBB/xxx 
SSOC652FBBB 
SS3C654FBBB 
SOT307-24 
o to +70, Plastic Quad Flat Pack 
16 


PSOC652FFP 
PS3C654FFP/xxx 
SSOC652FFPN 
SS3C654FFPN 
SOT129 
--40 to +S5, Plastic Dual In-line Package 
16 


PSOC652FFA 
PS3C654FFAlxxx 
SSOC652FFAA 
SS3C654FFAA 
SOT1S7 
--40 to +S5, Plastic Leaded Chip Carrier 
16 


PSOC652FFB 
PS3C654FFB/xxx 
SSOC652FFBB 
SS3C654FFBB 
SOT307-24 
-40 to +S5, Plastic Quad Flat Pack 
16 


PSOC652FHP 
PS3C654 FHPIxxx 
SSOC652FHPN 
SS3C654FHPN 
SOT129 
--40 to +125, Plastic Dual In-line Package 
16 


PSOC652FHA 
PS3C654FHAlxxx 
SSOC652FHAA 
SS3C654FHAA 
SOT1S7 
--40 to +125, Plastic Leaded Chip Carrier 
16 


P80C652FHB 
PS3C654FHB/xxx 
S80C652FHBB 
SS3C654FHBB 
SOT307-24 
--40 to +125, Plastic Quad Flat Pack 
16 


PSOC6521BP 
PS3C6541BP/xxx 
SSOC6521BPN 
SS3C6541BPN 
SOT129 
o to +70, Plastic Dual In-line Package 
24 


P80C6521BA 
P83C6541BAlxxx 
SSOC6521BAA 
SS3C6541BAA 
SOT1S7 
o to +70, Plastic Leaded Chip Carrier 
24 


PSOC6521BB 
PS3C6541BB/xxx 
SSOC6521BBB 
SS3C6541BBB 
SOT307-24 
o to +70, Plastic Quad Flat Pack 
24 


PSOC6521FP 
PS3C6541FP/xxx 
SSOC6521FPN 
SS3C654IFPN 
SOT129 
--40 to +S5, Plastic Dual In-line Package 
24 


PSOC6521FA 
PS3C6541FAlxxx 
SSOC6521FAA 
SS3C6541FAA 
SOT1S7 
--40 to +85, Plastic Leaded Chip Carrier 
24 


PSOC6521FB 
PS3C6541FB/xxx 
SSOC6521FBB 
SS3C6541FBB 
SOT307-24 
--40 to +S5, Plastic Quad Flat Pack 
24 


NOTES: 
1. For full specification. see the S7C652 data sheet. 
2. S7C654 frequency range is 3.5MHz - 16MHz or 3.5MHz - 24MHz. 
3. xxx denotes the ROM code number. 
4. SOT311 replaced by SOT307-2. 


TEMPERATURE 


RANGEoC 


EPROM 
Drawing 
AND PACKAGE 
FREQ 
Number 
MHz 


S87C654-4N40 
0415C 
o to +70, Plastic Dual In-line Package 
16 


S87C654-4F40 
05908 
o to +70, Ceramic Dual In-line Package 
16 
wlWindow 


S87C654-4A44 
0403G 
o to +70, Plastic Leaded Chip Carrier 
16 


S87C654-4K44 
1472A 
o to +70, Ceramic Leaded Chip Carrier 
16 
wlWindow 


S87C654-4B44 
1118D 
o to +70, Plastic Quad Flat Pack 
16 


S87C654-5N40 
0415C 
-40 to +85, Plastic Dual In·line Package 
16 


S87C654-5F40 
05908 
-40 to +85, Ceramic Dual In-line Package 
16 
wlWindow 


S87C654-5A44 
0403G 
-40 to +85, Plastic Leaded Chip Carrier 
16 


S87C654--5K44 
1472A 
-40 to +85, Ceramic Leaded Chip Carrier 
16 
wlWindow 


S87C654-5844 
1118D 
-40 to +85, Plastic Quad Flat Pack 
16 


S87C654-7N40 
0415C 
o to +70, Plastic Dual In-line Package 
20 


S87C654--7F40 
05908 
o to +70, Ceramic Dual In-line Package 
20 
wlWindow 


S87C654--7 A44 
0403G 
o to +70, Plastic Leaded Chip Carrier 
20 


S87C654--7K44 
1472A 
o to +70, Ceramic Leaded Chip Carrier 
20 
wlWindow 


S87C654-8N40 
0415C 
-40 to +85, Plastic Dual In-line Package 
20 


S87C654-8F40 
05908 
-40 to +85, Ceramic Dual In-line Package 
20 
wlWindow 


S87C654-8A44 
0403G 
-40 to +85, Plastic Leaded Chip Carrier 
20 


FREQUENCY 
REFERENCE 
,-'----, 


XTAL2 
XTAL1 


PROGRAM 
MEMORY 


(16K x8 
EPROM) 


DATA 
MEMORY 


(256x8 
RAM) 


IJiITll ImT 
L-..,-----J 


EXTERNAL 


INTERRUPTS 


COUNTERS 
,-'----, 


TO 
T1 


I 
I 
I 
I 
I 
I 


PROG 
SERIAL 
PORT 
I 


S~~~~~~~~sU~h 
I 
---l---------! 


'SDJ 


SHARED 


WITH 


SCL 
PORT 1 


PIN NUMBER 


MNEMONIC 
DIP 
lCC 
QFP 
TYPE 
NAME AND FUNCTION 


V55 
20 
22 
16 
I 
Ground: 
OV reference. 


Vee 
40 
44 
38 
I 
Power Supply: This is the power supply voltage for normal, idle, and power-down 
operation. 


PO.Q-O.7 
39-32 
43-36 
37-30 
1/0 
Port 0: Port a is an open-drain, bidirectional 1/0 port. Port a pins that have 1s written to them 
float and can be used as high-impedance inputs. Port a is also the multiplexed low-order 
address and data bus during accesses to external program and data memory. In this 
application, it uses strong internal pull-ups when emitting 1s. Port a also outputs the code 
bytes during program verification in the 87C654. External pull-ups are required during 
program verification. 


P1.Q--P1.7 
1-8 
2-9 
40--44, 
1/0 
Port 1: Port 1 is an 8-bit bidirectional 1/0 port with internal pull-ups, except P1.6 and P1.7 


1-3 
which are open drain. Port 1 pins that have 1s written to them are pulled high by the internal 
pull-ups and can be used as inputs. As inputs, port 1 pins that are ex1ernally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: IILl· 
Port 1 also receives the low-order address byte during program memory verification. 
Alternate functions include: 


P1.6 
7 
8 
2 
1/0 
SCl: 
12C-bus serial port clock line. 


P1.7 
8 
9 
3 
1/0 
SDA: 
12C-bus serial port data line. 


P2.Q--P2.7 
21-28 
24-31 
18-25 
1/0 
Port 2: Port 2 is an 8-bit bidirectional 1/0 port with internal pUll-Ups. Port 2 pins that have 1s 
written to them are pulled high by the internal pUll-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: IILl. Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to external data memory 
that use 16-bit addresses (MOVX @DPTR). In this application, it uses strong internal 
pull-ups when emitting 1s. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. 


P3.Q--P3.7 
1Q--17 
11, 
5, 
110 
Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3 pins that have 1s 


13--19 
7-13 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 3 pins that are externally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: IILl. Port 3 also serves the special features of the 8OC51 
family, as listed below: 


10 
11 
5 
I 
RxD (P3.O): Serial input port 
11 
13 
7 
0 
TxD (P3.1): Serial output port 
12 
14 
8 
I 
rnTll (P3.2): Ex1ernalinterrupt 
13 
15 
9 
I 
INTf (P3.3): External interrupt 
14 
16 
10 
I 
TO (P3.4): Timer a external input 
15 
17 
11 
I 
T1 (P3.5): Timer 1 ex1ernal input 
16 
18 
12 
0 
WR (P3.6): External data memory write strobe 
17 
19 
13 
0 
RO (P3.7): External data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to V55 permits a power-on reset using only an ex1ernal 
capacitor to Vee. 


ALEII'ROO 
30 
33 
27 
1/0 
Address 
latch 
Enable/Program 
Pulse: Output pulse for latching the low byte of the 


address during an access to ex1ernal memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is skipped during each access to external data memory. This pin is 
also the program pulse input (l"FlljG) during EPROM programming. 


l'SEN 
29 
32 
26 
0 
Program 
Store Enable: The read strobe to ex1erna~SEf{am memory. When the 87C654 is 


executing code from the external program memory, 
is activated twice each machine 
cycle, except that two l'SEN activations are skipped during each access to ex1emal data 
memory. l'SEN is not activated during fetches from internal program memory. 


FANpp 
31 
35 
29 
J 
External Access EnablelProgramming 
Supply Voltage: EA must be externally held low to 


enable the device to fetch code from external program memory locations ooooH and 3FFFH. 
If EA is held high, the device executes from internal program memory unless the program 
counter contains an address greater than 3FFFH. This pin also receives the 12.75V 
programming supply voltage (Vpp) during EPROM programming. 


XTAL1 
19 
21 
15 
I 
Crystal 1: Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, 
SYMBOL, 
OR ALTERNATIVE 
PORT 
FUNCTION 
RESET 


ADDRESS 
MSB 
LSB 
VALUE 


ACC" 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


B" 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data 
pointer 
(2 bytes) 
DPH 
Data 
pointer 
high 
83H 
OOH 
DPL 
Data 
pointer 
low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


iE"# 
Interrupt 
enable 
A8H 
EA 
I 
I 
ES1 
I 
ESO 
I 
ET1 
I 
EX1 
I 
ETO 
I 
EXO 
OxOOOOOOB 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP"# 
Interrupt 
priority 
B8H 
- 
I 
I 
PS1 
I 
PSO 
I 
PT1 
I 
PX1 
I 
PTO 
I 
PXO 
xxOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO" 
Port 
0 
80H 
AD7 
I 
AD6 
I 
AD5 
I 
AD4 
I 
AD3 
I 
AD2 
I 
AD1 
I 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1"# 
Port 
1 
90H 
SDA 
I 
SCL 
I 
I 
I 
I 
I 
I 
FFH 


A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 


P2" 
Port 
2 
AOH 
A15 
I 
A14 
I 
A13 
I 
A12 
I 
A11 
I 
A10 
I 
A9 
I 
A8 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


P3" 
Port 
3 
BOH 
fIDl 
WR 
I 
T1 
I 
TO 
I 
11m 
I 
1f.lTO I 
TXD 
I 
RXD 
FFH 


PCON 
Power 
control 
87H 
SMOD I 
- 
I 
- 
I 
- 
I 
GF1 
I 
GFO 
I 
PD 
I 
IDL 
OxxxOOOOB 


9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


SOCON"# 
Serial 
0 port control 
98H 
SMO 
I 
SM1 
I 
SM2 
I 
REN 
I 
TB8 
I 
RB8 
I 
TI 
I 
RI 
OOH 


SOBUF# 
Serial 
0 data 
buffer 
99H 
xxxxxxxxB 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


PSW" 
Program 
status 
word 
DOH 
CY 
I 
AC 
I 
FO 
I 
RS1 
I 
RSO 
I 
OV 
I 
F1 
I 
P 
OOH 


S1DAT# 
Serial 
1 data 
DAH 
OOH 


SP 
Stack 
pointer 
81H 
07H 


S1ADR# 
Serial 
1 address 
DBH 
SLAVE 
ADDRESS 
. 
I 
GC 
OOH 


S1STA# 
Serial 
1 status 
D9H 
SC4 
I 
SC3 
I 
SC2 
I 
SC1 
I seo 
I 
0 
I 
0 
I 
0 
F8H 


DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 


S1CON"# 
Serial 
1 control 
D8H 
CR2 
I ENS1 I 
STA 
I 
STO 
I 
SI 
I 
AA 
I 
CR1 
I 
CRO 
OOOOOOOOB 


8F 
8E 
8D 
8C 
8B 
8A 
89 
88 


TCON" 
Timer 
control 
88H 
TF1 
I 
TR1 
I 
TFO 
I 
TRO 
I 
IE1 
I 
IT1 
I 
IEO 
I 
ITO 
OOH 


TH1 
Timer 
high 
1 
8DH 
OOH 


THO 
Timer 
high 
0 
8CH 
OOH 


TL1 
Timer 
low 
1 
8BH 
OOH 


THO 
Timer 
low 0 
8AH 
OOH 


TMOD 
Timer 
mode 
89H 
GATE 
I 
CfT 
I 
M1 
I 
MO 
I GATE 
I 
CfT 
I 
M1 
I 
MO 
OOH 


OSCILLATOR 
CHARACTERISTICS 
XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol. 


To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 


Reset 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 


milliseconds) plus two machine cycles. At 
power-on, the voltage on Vee and RST must 
come up at the same time for a proper 
start-up. 


Idle Mode 
In the idle mode, the CPU puts itself to sleep 
while all of the on-Chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


Power-Down 
Mode 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 


power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. The 
controi bits for the reduced power modes are 
in the special function register PCON. Table 2 
shows the state of the I/O ports during low 
current operating modes. 


12CSERIAL 
COMMUNICATION-SI01 
The 
12C serial port is identical to the 
12C 


serial port on the 8XC552. The operation of 
this subsystem is described in detail in the 
8XC552 section of this manual. 


Note that in both the 8XC652/4 and the 
8XC552 the 12C pins are alternate functions 
to port pins P1.6 and P1.7. Because of this, 
P1.6 and P1.7 on these parts do not have a 
pull-up structure as found on the 80C51 . 
Therefore P1.6 and P1.7 have open drain 
outputs on the 8XC65214. 


PROGRAM 
MODE 
MEMORY 
ALE 
J5SEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
a 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


Serial 
Control 
Register 
(S1 CON) - See Table 
3 


SlCON{D8H) 


Bits CRO, CR1 and CR2 determine 
the serial clock frequency 
that is generated 
in the master mode 01 operation. 


BIT FREQUENCY 
(kHz) 
AT 'ose 


CR2 
CR1 
CRO 
6MHz 
12MHz 
16MHz 
20MHz 
lose DIVIDED BY 
0 
a 
a 
23 
47 
62.5 
78 
256 


a 
a 
1 
27 
54 
71 
891 
224 
a 
1 
a 
31.25 
62.5 
83.3 
1041 
192 


0 
1 
1 
37 
75 
100 
1251 
160 


1 
0 
0 
6.25 
12.5 
17 
21 
960 


1 
0 
1 
50 
100 
1331 
1661 
120 


1 
1 
0 
100 
2001 
2671 
3341 
60 


1 
1 
1 
0.25 < 62.5 
0.5 < 62.5 
0.65 < 55.6 
0.81 < 69.4 
96 x (256 - (reload value TImer 1)) 


o to 255 
o to 254 
o to 253 
o to 253 
(Reload value range: 0 - 254 in mode 2) 


NOTES: 
1. These frequencies exceed the upper limit of 100kHz of the 12C-bus specification and cannot be used in an 12C-bus application. 


PARAMETER 
RATING 
UNIT 


Storage temperature range 
--65 to +150 
°C 


Voltage on ~pp 
to Vss 
-0.5 to + 13 
V 


Voltage on any other pin to Vss 
-0.5 to + 6.5 
V 


Input, output current on any single pin 
±5 
mA 


Power 
dissipation 
(based 
on 
package 
heat 
transfer 
1 
W 
limitations, not device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at 
these or any conditions other than those described in the AC and DC Electrical 
Characteristics section of this specification is not implied. 
2. This product includes circuitry specifically designed for the protection of its internal devices 
from the damaging effects of excessive static charge. Nonetheiess, it is suggested that 
conventional precautions be taken to avoid applying greater than the rated maxima. 
3. 
Parameters are valid over operating temperature range unless otherwise specified. All 
voltages are with respect to Vss unless otherwise noted. 


SUPPLY VOLTAGE 
FREQUENCY 
TEMPERATURE 
(V) 
(MHz) 
RANGE 


TYPE 
MIN. 
MAX. 
MIN. 
MAX. 
(oC) 


S87C654-4 
4.5 
5.5 
3.5 
16 
o to +70 


S87C654-5 
4.5 
5.5 
3.5 
16 
-40 to +85 


S87C654-7 
4.5 
5.5 
3.5 
20 
o to +70 


S87C654-8 
4.5 
5.5 
3.5 
20 
-40 to +85 


DC ELECTRICAL 
CHARACTERISTICS 


vss = OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
\ 
PART TYPE 
CONDITIONS 
MIN. 
MAX. 
UNIT 


VIL 
Input low voltage, 
o to +70°C 
-0.5 
0.2Vcc-o·1 
V 
except EA, P1.6/SCL, P1.7/SDA 
-40 to +85°C 
-0.5 
0.2Vcc-0.15 
V 


VIL1 
Input low voltage to EA 
o to +70°C 
-0.5 
0.2Vce-D·3 
V 


-40 to +85°C 
-0.5 
0.2VcC--O·35 
V 


VIL2 
Input low voltage to P1.6/SCL, P1.7/SDAl 
-0.5 
0.3Vcc 
V 


VIH 
Input high voltage, 
o to +70°C 
0.2Vcc+0.9 
Vcc+0.5 
V 
except XTAL1, RST, P1.6/SCL, P1.7/SDA 
-40 to +85°C 
0.2Vcc+1.0 
Vcc+0.5 
V 


VIH1 
Input high voltage, XTAL 1, RST 
o to +70°C 
0.7Vcc 
Vcc+0.5 
V 


-40 to +85°C 
0.7Vcc+0.1 
Vcc+0.5 
V 


VIH2 
Input high voltage, P1.6/SCL, P1.7/SDAl 
0.7Vcc 
6.0 
V 


VOL 
Output low voltage, ports 1, 2, 3, 
IOL= 1.6mA2. 3 
0.45 
V 
except P1.6/SCL, P1.7/SDA 


VOL1 
Output low voltage, port 0, ALE, !"SEN 
IOL= 3.2mA2. 3 
0.45 
V 


VOL2 
Output low voltage, P1.6/SCL, P1.7/SDA 
IOL= 3.0mA 
0.4 
V 


VOH 
Output high voltage, ports 1, 2, 3 
o to +70°C 
IOH=-60llA 
2.4 
V 


-40 to +85°C 
IOH=-25llA 
0.75Vcc 
V 


VOHl 
Output high voltage; port 0 in external bus mode, 
o to +70°C 
IOH=-400llA 
2.4 
V 


ALE. !"SEN, 
RST4 
-40 to +85°C 
IOH= -15OllA 
0.75Vcc 
V 


IlL 
Logical 0 input current, ports 1, 2, 3, 4, 
o to +70°C 
VIN = 0.45V 
-50 
llA 
except P1.6/SCL, P1.7/SDA 
-40 to +85°C 
-75 
llA 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 3, 
o to +70°C 
See note 5 
-650 
llA 
except P1.6/SCL. P1.7/SDA 
-40 to +85°C 
-750 
llA 


1L1 
Input leakage current, port 0 
0.45V < VI < Vcc 
±10 
llA 


IL2 
Input leakage current, P1.6/SCL, P1.7/SDA 
OV < VI < 6.0V 
±10 
llA 


OV < Vcc < 6.0V 
llA 


Icc 
Power suppiy current: 
See note 6 


Vcc=6.0V 
Active mode @ 16MHz7 
25 
mA 


Idle mode @ 16MHz8 
6 
mA 


Power down mode9, 10 
o to +70°C 
50 
llA 


Power down mode9, 10 
-40 to +85°C 
135 
llA 


RRST 
Internai reset pull-down resistor 
50 
150 
kO 


CIO 
Pin capacitance 
Freq.=1MHz 
10 
pF 


NOTES FOR DC ELECTRICAL CHARACTERISTICS: 
1. The input threshold voltage of P1.6 and P1.7 (SI01) meets the 12C specification. so an input voltage below 0.3Vee will be recognized as a 
logic 0 while an input voltage above O.7Vee will be recognized as a logic 1. 
2. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLSof ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE pin may exceed 0.8V. In suct"!cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 


3. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: Maximum IOL; 10rnA per port pin; Maximum 
IOL; 26mA total for Port 0; Maximum IOL; 15mA total for Ports 1, 2, and 3; Maximum IOL; 71mA total for all output pins. If IOLexceeds the 
test conditions, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed test conditions. 
4. 
Capacitive loading on ports 0 and 2 may cause the VOHon ALE and!'SEN 
to momentarily fall below the 0.9Vee specification when the 
address bits are stabilizing. 
5. 
Pins of ports 1 , 2, and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when V1N is approximately 2V. 


6. See Figures 9 through 11 for Ice test conditions. 
7. The operating supply current is measured with all output pins disconnected; XTAL1 driven with t,; 
tf; 
10ns; 
VIL; 
Vss + 0.5V; VIH ; Vee -{).5V; XTAL2 not connected; Ell; 
RST; 
Port 0; 
P1.6; 
P1.7; 
Vee; feLK; 
16MHz. See Figure 9. 
8. The idle mode supply current is measured with all output pins disconnected; XTAL1 driven with t,; 
tf; 
10ns; VIL; 
Vss + 0.5V; 
VIH ; Vec -0.5V; XTAL2 not connected; Port 0 ; P1.6 ; P1.7 ; Vcc; Ell ; RST ; Vss; fCLK; 16MHz. See Figure 10. 
9. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0; 
P1.6; 
P1.7; 
Vcc; 
Ell; 
RST; 
Vss. See Figure 11. 
10.2V'; 
VPD'; Vccmax. 


16MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


l/tCLCL 
2 
Oscillator frequency 
Speed Versions 
3.5 
16 
MHz 
87C654 
-4,-5 


tLHLL 
2 
ALE pulse width 
85 
2lcLCL-40 
ns 


tAVLL 
2 
Address valid to ALE low 
8 
tCLCL-55 
ns 


tLLAX 
2 
Address hold after ALE low 
28 
tCLCL-35 
ns 


tLLlV 
2 
ALE low to valid instruction in 
150 
4tCLCL-100 
ns 


tLLPL 
2 
ALE low to l"SEN 
low 
23 
tCLCL-40 
ns 


tPLPH 
2 
l"SEN 
pulse width 
143 
3lcLCL-45 
ns 


tpLiv 
2 
l"SEN 
low to valid instruction in 
83 
3lcLCL-105 
ns 


tpXIX 
2 
Input instruction hold after l"SEN 
0 
0 
ns 


tpXIZ 
-2 
Input instruction float after l"SEN 
38 
tCLCL-25 
ns 


tAVIV 
2 
Address to valid instruction in 
208 
5lcLCL-105 
ns 


tpLAZ 
2 
l"SEN 
low to address float 


, 
10 
10 
ns 


Data Memory 


tAVLL 
3,4 
Address valid to ALE low 
28 
IcLCL-35 
ns 


tRLRH 
3,4 
'AU pulse width 
275 
6tCLCL-100 
ns 


tWLWH 
3,4 
WR pulse width 
275 
6tCLCL-100 
ns 


tRLOV 
3,4 
'AU low to valid data in 
148 
5tCLCL-165 
ns 


tRHOX 
3,4 
Data hold after 'AU 
0 
0 
ns 


tRHOZ 
3,4 
Data float after 'AU 
55 
2lcLCL-70 
ns 


tLLOV 
3,4 
ALE low to valid data in 
350 
8lcLCL-150 
ns 


tAVOV 
3,4 
Address to valid data in 
398 
9tCLCL-165 
ns 


tLLWL 
3,4 
ALE low to 'AU or WR low 
138 
238 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
3,4 
Address valid to WR low or 'AU low 
120 
4tCLCL-130 
ns 


tavwx 
3,4 
Data valid to WFl transition 
3 
tCLCL-60 
ns 


tow 
3,4 
Data setup time before WFl 
288 
7tCLCL-150 
ns 


tWHQX 
3,4 
Data hold after WFl 
13 
tCLCL-50 
ns 


tRLAZ 
3,4 
'AU low to address float 
0 
0 
ns 


tWHLH 
3,4 
'AU or WR high to ALE high 
23 
103 
tCLCL-40 
IcLCL+40 
ns 


Shift Register 


tXLXL 
5 
Serial port clock cycle time3 
0.75 
12tCLCL 
IlS 


taVXH 
5 
Output data setup to clock rising edge3 
492 
1OtCLCL-133 
ns 


tXHQX 
5 
Output data hold after clock rising edge3 
80 
2tCLCL-117 
ns 


tXHOX 
5 
Input data hold after clock rising edge3 
0 
0 
ns 


tXHOV 
5 
Clock rising edge to input data valid3 
492 
lOlcLCL-133 
ns 


External Clock 


IcHCX 
6 
High time3 
20 
20 
IcLCL 
tLOW 
ns 


IcLCX 
6 
Lowtime3 
20 
20 
IcLCL- tHIGH 
ns 


IcLCH 
6 
Rise time3 
20 
20 
ns 


IcHCL 
6 
Fall time3 
20 
20 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and l"SEN 
~ 100pF, load capacitance for all other outputs ~ 80pF. 


3. These values are characterized but not 100% production tested. 


20MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1!tcLCL 
2 
Oscillator frequency: 
Speed Versions 
3.5 
20 
MHz 


87C654 
-7,-a 


lLHLL 
2 
ALE pulse width 
60 
2lcLCL--40 
ns 


tAVLL 
2 
Address valid to ALE low 
25 
tCLCL-25 
ns 


lLLAX 
2 
Address hold after ALE low 
25 
tCLCL-25 
ns 


lLuv 
2 
ALE low to valid instruction in 
135 
4lcLCL-65 
ns 


lLLPL 
2 
ALE low to I'SElIIlow 
25 
tCLCL-25 
ns 


tpLPH 
2 
I'SElII pulse width 
105 
3lcLCL--45 
ns 


tpuv 
2 
I'SElIIlow 
to valid instruction in 
90 
3tCLCL-60 
ns 


tpXIX 
2 
Input instruction hold after I'SElII 
0 
0 
ns 


tPXIZ 
2 
Input instruction float after I'SElII 
25 
tCLCL-25 
ns 


tAVIV 
2 
Address to valid instruction in 
170 
5lcLCL-a0 
ns 


tpLAZ 
2 
I'SElIIlow 
to address float 
10 
10 
ns 


Data Memory 


tAVLL 
3,4 
Address valid to ALE low 
25 
tCLCL-25 
ns 


tRLRH 
3,4 
tm" pulse width 
200 
6tCLCL-100 
ns 


tWLWH 
3,4 
WR pulse width 
200 
6tCLCL-100 
ns 


tRLDV 
3,4 
tm" low to valid data in 
160 
5lcLCL-90 
ns 


tRHDX 
3,4 
Data hold after tm" 
0 
0 
ns 


tRHDZ 
3,4 
Data float after tm" 
72 
2lcLCL-28 
ns 


tLLDV 
3,4 
ALE low to valid data in 
250 
, 
8lcLCL-150 
ns 


tAVDV 
3,4 
Address to valid data in 
285 
9lcLCL-165 
ns 


lLLWL 
3,4 
ALE low to tm" or WR low 
100 
200 
3tCLCL-50 
3lcLCL+50 
ns 


tAVWL 
3,4 
Address valid to WR low or tm" low 
125 
4lcLCL-75 
ns 


tavwx 
3,4 
Data valid to WR transition 
20 
tCLCL-30 
ns 


tDW 
3,4 
Data setup time before WR 
220 
7tCLCL-130 
ns 


tWHQX 
3,4 
Data hold after WR 
25 
tCLCL-25 
ns 


tRLAZ 
3,4 
tm" low to address float 
0 
0 
ns 


tWHLH 
3,4 
tm" or WR high to ALE high 
25 
75 
tCLCL-25 
lcLCL+25 
ns 


Shift Register 


tXLXL 
5 
Serial port clock cycle time3 
0.6 
12lcLCL 
l!s 


taVXH 
5 
Output data setup to clock rising edge3 
367 
10lcLCL-133 
ns 


tXHQX 
5 
Output data hold after clock rising edge3 
40 
2tCLCL-60 
ns 


tXHDX 
5 
Input data hold after clock rising edge3 
0 
0 
ns 


tXHDV 
5 
Clock rising edge to input data valid3 
367 
10lcLCL-133 
ns 


External Clock 


lcHCX 
6 
High time3 
17 
17 
tCLCL- tLOw 
ns 


lcLCX 
6 
Lowtime3 
17 
17 
lcLCL - tHIGH 
ns 


lcLCH 
6 
Rise time3 
20 
20 
ns 


lcHCL 
6 
Fall time3 
20 
20 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and I'SElII = 100pF, load capacitance for all other outputs = 80pF. 


3. These values are characterized but not 100% production tested. 


SYMBOL 
PARAMETER 
INPUT 
OUTPUT 


SCl TIMING CHARACTERISTICS 


tHO;STA 
START condition hold time 
;, 14 tCLCL 
> 4.0flSl 


tLOw 
SCllOWtime 
;, 16 tCLCL 
> 4.7flS' 
, 


tHIGH 
Sel 
HIGH time 
;, 14 tCLCL 
> 4.0flS' 


tRC 
SCl rise time 
" 1flS 
_2 


tFC 
SClfalltime 
"0.3fls 
< 0.3fls3 


SDA TIMING CHARACTERISTICS 


tsu; DAT1 
Data set-up time 
- 
;, 250ns 
> 20 tCLCL- tRo 


tsu; DAT2 
SDA set-up time (before rep. START cond.) 
;, 250ns 
> 1flSl 


tsu; DAT3 
SDA set-up time (before STOP cond.) 
;, 250ns 
> 8 tCLCL 


tHO;DAT 
Data hold time 
- 
;, Ons 
> 8 tCLCL- tFC 


tsu; STA 
Repeated START set-up time 
;, 14 tCLCL 
> 4.7fls' 


tsu; STO 
STOP condition set-up time 
;, 14 tCLCL 
> 4.0fls' 


tSUF 
Bus free time 
;, 14 tCLCL 
> 4.7fls' 


tRo 
SDA rise time 
(- . 
J 
.- 
" 1fls 
_2 


tFD 
SDAfalltime 
" 0.3fls 
< 0.3fls3 


NOTES: 
1. At 100 kbiVs. At other bit rates this value is inversely proportional to the bit-rate of 100 kbiVs. 
2. 
Determined by the external bus-line capacitance and the external bus-line pull-resistor. this must be < 1fls. 


3. 
Spikes on the SDA and SCl lines with a duration of less than 3 tCLCLwill be filtered out. Maximum capacitance on bus-lines SDA and 
SCl= 
400pF. 
4. t2LCL= 1/fosc = one oscillator clock period at pin XTAL1. For 62ns < tCLCL< 285ns (16MHz) > fosc > 3.5MHz) the SI01 interface meets the 
I C-bus specification for bit-rates up to 100 kbiVs. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
Q - 
Output data 
first character is always 't' (; time). The other 
R - 
RO signal 


characters, depending on their positions, 
t 
- 
Time 
indicate the name of a signal or the logical 
V - 
Valid 
status of that signal. The designations are: 
W - 
WR signal 
A - 
Address 
X - 
No longer a valid logic level 
C - 
Clock 
Z - 
Float 
D - 
Input data 
Examples: 
H - 
Logic level high 
I 
- 
Instruction (program memory contents) 
L - 
Logic level low, or ALE 


P - l'Srn 


tAVLL; Time for address valid 


to ALE low. 


tLLPL; Time for ALE low 
to l'Srn low. 


tLLWL 
IWLWH 


WR 


ILLAX 
IAVLL 
IQVWX 


tow 


PORTO 
DATAQUT 
AD-A7 
FROM 
peL 
INSTR 
IN 


r- IXLXL-1 


INPUT 
DATA 
~' 


CLEAR 
AI 


taVXH 1--1r- IXHQX 
I 
\~~X 
__ 
X__ 
x~_x~~x~~x~~ 
r~-Ir 


OUTPUT 
DATA 
~---~, 
t 
WRITE 
TO SBUF 
X 
7 
t 


SETTI 


t 
SETRI 


VCC-o·5 
- - - - 
O.7VCC 


O.45V 
O.2VCC-Q.1 


VC~5=X 
>C 


o 2VCC+<l9 


o 45V 
.~O_2_V-,C,",C,--"_' 
--, 


TIMING 


REFERENCE 


POINTS 


NOTE: 


AC INPUTS 
DURING 
TESTING 
ARE DRIVEN 
AT VC~.5 
FOR A LOGIC 
'" 
AND 


O.45V FOR A lOGIC 
'0', TIMING 
MEASUREMENTS 
ARE MADE 
AT VIH MIN FOR A 


LOGIC 
'" 
AND VIL MAX FOR A LOGIC 
'0'. 


Figure 6. AC Testing Input/Output 


NOTE: 
FOR TIMING 
PURPOSES. 
A PORT 
IS NO LONGER 
FLOATING 
WHEN 
A l00MV 
CHANGE 
FROM 
LOAD 
VOLTAGE 
OCCURS, 
AND 
BEGINS 
TO FLOAT WHEN 
A 


10QmV CHANGE 
FROM 
THE LOADED 
VOHNOL 
LEVEL 
OCCURS. 
'oHl'OL? 
± 
20mA. 


VCC 


RST 


lOA 


87C654 


XTAl2 
P1.6 


Pl.? 


XTAL1 


VSS 
I 


Figure 8. Icc Test Condition, 
Active Mode 


All other pins are disconnected 
Figure 9. Icc Test Condition, 
Idle Mode 


All other pins are disconnected 


VCC-"·5 
- 
- 
- 
- 


O.45V 


tCHC 


tCLCH 


Figure 10. Clock Signal Waveform 
for Icc Tests in Active and Idle Modes 


tCLCH 
= tCHCL 
= 10ns 


VCC 
RST 


lOA 


87C654 


(NC) 
XTAl2 
P1.6 


Pl.? 
XTAl1 


VSS 


Figure 11. Icc Test Condition, 
Power Down Mode 
All other pins are disconnected. 
Vcc = 2V to 5.5V 


NOTE: 
Ports 1.6 and 1.7 should be connected to Vcc through resistors of sufficiently high value such that the sink current into these pins does not 
exceed the IOL1 specification. 


EPROM CHARACTERISTICS 
The 87C654 is programmed by using a 
modified Quick-Pulse Programming'" 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEIF'ROG pulses. 


The 87C654 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C654 manufactured by Philips 
Components. 


Table 4 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the lock bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 12 and 13. Figure 14 shows 
the circuit configuration for normal program 
memory verification. 


Quick-Pulse 
Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 12. Note that 
the 87C654 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 


The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 12. The code byte to be 
programmed into that location is applied to 
port O. RST, 1'SE'iI and pins of ports 2 and 3 
specified in Table 4 are held at the 'Program 
Code Data' levels indicated in Table 4. The 
ALEIF'ROG is pulsed low 25 times as shown 
in Figure 13. 


To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses a through 1FH, using the 'Pgm 
Encryption Table' levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 


To program the lock bits, repeat the 25 pulse 
programming sequence using the 'Pgm Lock 
Bit' ievels. After one lock bit is programmed, 
further programming of the code memory and 
encryption table is disabled. However, the 
other lock bit can still be programmed. 


Note that the tANpp 
pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 


Program Verification 
If lock bit 2 has not been programmed, the 
on-chip program memory can be read out for 
program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 14. The other pins are held at the 
'Verify Code Data' levels indicated in Table 4. 
The contents of the address location will be 
emitted on port O.External pull-ups are 
required on port a for this operation. 


If the encryption table has been programmed, 
the data presented at port a will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 


The signature bytes are read by the same 
procedure as a normal verification of 
locations o30H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 
(030H) 
15H indicates manufactured by 
Philips 
(031H) 
99H indicates 87C654 


ProgramNerify 
Algorithms 


Any algorithm in agreement with the 
conditions listed in Table 4, and which 
satisfies the timing specifications, is suitable. 


Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary 
effects, 
it 


is recommended 
that an opaque label be 
placed over the window. 
For elevated 
temperature or environments where soivents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-sec/cm2. Exposing the EPROM to an 
ultraviolet lamp of 12,000flW/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. Erasure leaves the 
array in an all 1s state. 


MODE 
RST 
PSER 
ALEIPROG 
~pp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
a 
1 
1 
a 
a 
a 
a 


Program code data 
1 
a 
o· 
Vpp 
1 
a 
1 
1 


Verify code data 
1 
a 
1 
1 
a 
a 
1 
1 


Pgm encryption table 
1 
a 
o· 
Vpp 
1 
a 
1 
a 


Pgm lock bit 1 
1 
a 
o· 
Vpp 
1 
1 
1 
1 


Pgm lock bit 2 
1 
a 
o· 
Vpp 
l' 
1 
a 
a 
NOTES, 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 
2. Vpp = 12.75V ±0.25V. 
3. VCC= 5V±1 0% during programming and verification. 


ALEIF'ROG receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for looflS (±lOflS) and high for a 
minimum of lOflS. 


Vcc 


P1 
PO 


RST 
EANpp 


P3.6 
ALEIl'ROG 


P3.7 
87C654 
I'SE!l 


XTA1.2 
P2.7 


P2.6 


XTALl 
P2.o-P2.5 


VSS 


~ 
1 
10",MIN -1 
"'1·~----100llS±10---------·1 


Ol 
n~ __ 
~n~_ 


EPROM PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb = 21°C 
to +27"C. 
VCC = 5V±10%. 
VSS = OV (See 
Figure 
15) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply 
current 
50 
mA 


l/tCLCL 
Oscillator 
frequency 
4 
6 
MHz 


tAVGL 
Address 
setup 
to !'ROO low 
48teLCL 


lGHAX 
Address 
hold 
after !'ROO 
48teLCL 


tOVGL 
Data 
setup 
to !'ROO low 
48teLCL 


lGHOX 
Data 
hold after !'ROO 
48teLCL 


tEHSH 
P2.7 (EN~SO:) high to Vpp 
48tCLCL 


tSHGL 
Vpp 
setup 
to !'ROO low 
10 
fls 


tGHSL 
Vpp 
hold 
after !'ROO 
10 
fls 


lGLGH 
!'ROO width 
90 
110 
flS 


tAVQV 
Address 
to data 
valid 
48tCLCL 


tELQZ 
ElIIABLE 
low to data 
val id 
48teLCL 


tEHQZ 
Data 
float 
after ElIIABLE 
0 
48teLCL 


lGHGL 
!'ROO high 
to !'ROO low 
10 
fls 


Purchase 
of Philips' 
12C components 
conveys 
a license under the 
Philips' 
12C patent to use the components 
in the 12C-system 
provided 
the system conforms 
to the 12C specifications 
defined 
by Philips. 


CMOS single-chip 
a-bit microcontroller 
with 


Electromagnetic 
Compatibility 
improvements 


DESCRIPTION 
PIN CONFIGURATION 


The 
B3CE654 
Single-Chip 
B-Bit 
r; 


Microcontroller 
is manufactured 
in an 
•• 
34 
advanced 
CMOS 
process 
and 
is a derivative 


of the BOC51 
microcontroller 
family. 
The 


B3CE654 
has the same 
instruction 
set as the 
33 
BOC51. 
Two versions 
of the derivative 
exist: 
PLASTIC 


B3CE654 
- 
16k bytes 
mask 
programmable 
QUAD 
FLAT 
ROM, 
256 
bytes 
RAM 
PACK 


BOCE654 
- 
ROM less 
version 
of the 
11 
23 


FEATURES 


B3CE654 


• 
BOC51 central 
processing 
unit 


This 
device 
provides 
architectural 
12 
22 


enhancements 
that 
make 
it applicable 
in a 
• 
16k X B ROM 
expandable 
externally 
to 


variety 
of applications 
for general 
control 
64k bytes 


systems. 
The 
BXCE654 
contains 
a 
• 
256 
X B RAM, 
expandable 
externally 
to 
Pin 
Function 
Pin 
Function 


non-volatile 
16k X B read-only 
program 
64k bytes 
1 
P1.5 
23 
P2.5/A13 


2 
P1.BlSCL 
2. 
P2.6IA14 


memory 
(B3CE654), 
a volatile 
256 X B 
• 
Two standard 
16-bit 
timer/counters 
3 
Pl.7/SDA 
25 
P2.7/A15 


read/write 
data 
memory, 
four 
B-bit I/O ports, 
• 
RST 
26 
I'SE'l 


two 
16-bit 
timer/event 
counters 
(identical 
to 
• 
Four 
B-bit 
I/O ports 
5 
P3.O/RxD 
27 
ALE 


the timers 
of the BOC51), 
a multi-source, 
• 
12C-bus serial 
I/O port with 
byte oriented 


6 
VSS4 
26 
VSS2 


two-priority-Ievel, 
nested 
interrupt 
structure, 
7 
P3.1IT-x:O 
29 
EJ( 


master 
and slave 
functions 
8 
P3.2/IlilTO 
30 
PO.l/AD7 


an 12C interface, 
UART 
and 
on-chip 
oscillator 
• 
Full-dupiex 
UART 
facilities 
9 
P3.3IIl'ITI 
31 
PO.GlAD6 


and timing 
circuits. 
For systems 
that 
require 
10 
P3.4rro 
32 
PO.51AD5 


extra 
capability, 
the BXCE654 
can be 
• 
ROM 
code 
protection 
11 
P3.SlT1 
33 
PO.4/AD4 


expanded 
using 
standard 
TTL 
compatible 
12 
P3.6IWR 
34 
PO.31A03 


memories 
and 
logic. 
• 
XTAL 
frequency 
range: 
1.2MHz 
to 16MHz 
13 
P3.7IID 
35 
PO.21AD2 


• 
Software 
enable/disable 
of ALE output 
,. 
XTAL2 
36 
PO. l/AD 
1 
The 
device 
also 
functions 
as an arithmetic 
15 
XTALl 
37 
PO.OfADO 


processor 
having 
facilities 
for both 
binary 
and 
pulse 
16 
vSS1 
38 
vOO2 


BCD 
arithmetic 
pius 
bit-handling 
capabilities. 
• 
Electromagnetic 
compatibility 
(EMC) 
17 
vOD1 
39 
vSS3 


The 
instruction 
set consists 
of over 
100 
improvements 
18 
P2.OIAB 
.0 
P1.0 


instructions: 
49 one-byte, 
45 twO-byte 
and 
17 
19 
P2.lIA9 
41 
Pl.t 


three-byte. 
With 
a 16MHz 
crystal, 
5B% of the 
• 
Operating 
ambient 
temperature 
range: 
20 
P2.2/Al0 
42 
Pl.2 


instructions 
are executed 
in O.75~s 
and 40% 
- 
PB3CE654 
FBB Tamb OoC to +70°C 
21 
P2.3/All 
43 
Pl.3 


22 
P2.4/A12 
44 
Pl.4 


in 1.5~s. 
Multiply 
and 
divide 
instructions 
- 
PB3CE654 
FFB Tamb -40°C 
to +B5°C 


require 
3~s. 


LOGIC SYMBOL 


CMOS single-chip 8-bit microcontroller with 
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ROMless 
ROM 
TEMPERATURE RANGE °C 
FREQUENCY 
DRAWING NUMBER 
AND PACKAGE 
MHz 


P80CE654FBB 
P83CE654FBB 
o to +70, Plastic Quad Flat Pack 
1.2 to 16 
SOT307-21 


P80CE654FFB 
P83CE654FFB 
-40 to +85, Plastic Quad Flat Pack 
1.2to 16 
SOT307-21 


ELECTROMAGNETIC 
COMPATIBILITY 
(EMC) 
IMPROVEMENTS 
Primary attention 
is paid on the reduction of 
electromagnetic emission of the 
microcontroller P83CE654. 


The following features effect in reducing the 
electromagnetic emission and additionally 
improve the electromagnetic susceptibility: 


• Two supply voltage pins (Voo1, V002) and 


four ground pins (VSS1 to VSS4) 


• Separate VOOpins for the internal logic and 


the port buffers 


• Internal decoupling capacitance improves 


the EMC radiation behavior and the EMC 
immunity 


• External capacitors are to be located as 
close as possible between pins V002 and 
VSS3as well as V001 and VSS1;ceramic 
chip capacitors are recommended (1OOnF). 


• The ALE output signal (pulses at a 
frequency of fosc!6) can be disabled under 
software control (bit 5 in the SFR PCON: 
"RFI"); if disabled, no ALE pulse will occur. 


FREQUENCY 
REFERENCE 
,-----'----, 


XTAL2 
XTALl 


ALE pin will be pulled down internally, 
switching an external address latch to a 
quiet state. The MOVX instruction will still 
toggle ALE as a normal MOVX. ALE will 
retain its normal high value during Idle 
mode and a low value during Power-down 
mode while in the "RFI" reduction mode. 
Additionally during internal access (EA = 1) 
ALE will toggle normally when the address 
exceeds the internal program memory size. 
During external access (EA = 0) ALE will 
always toggle normally, whether the flag 
"RFI" is set or not. 


COUNTER 
INPUTS 
SHARED 
WITH 
PORT 
3 
,-----'----, 


TO 
Tl 


I 
I 
I 
I 
I 
I 
I 
I 
__+ 
i 


DATA 
MEMORY 
(256 x 8 RAM) 


IRTll 
IRTl 
L-..,-----J 


EXTERNAL 
INTERRUPTS 


SHARED 
WITH 
PORT 
3 


soj SHARED 


WITH 


SCL 
PORT 1 


CMOS single-chip 
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MNEMONIC 
PIN 
TYPE 
NAME AND FUNCTION 
NUMBER 


vss1, VSS2, 
16,28, 
I 
Ground: 
OV reference. All pins must be connected. 
Vss3, VSS4 
39,6 


VDD1,VDD2 
17,38 
I 
Power Supply: This is the power supply voltage for normal, idle, and power-down operation. Both pins 
must be connected. 


PO.O-O.7 
37-30 
I/O 
Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1s written to them float and can 
be used as high-impedance inputs. Port 0 is also the multiplexed low-order address and data bus during 
accesses to external program and data memory. In this application, it uses strong internal pull-ups when 
emitting 1s. Port 0 can sink/source 8 LSTIL inputs. 


P1.o-P1.7 
40-44, 
I/O 
Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups, except P1.6 and P1.7 which are open 
1-3 
drain. Port 1 pins that have 1s written to them are pulled high by the internal pull-ups and can be used as 
inputs. As inputs, port 1 pins that are externally pulled low will source current because of the internal 
pull-ups. (See DC Electricai Characteristics: IlL)' Port 1 also receives the low-order address byte during 
program memory verification. Alternate functions include: 
P1.6 
2 
I/O 
SCl: 
12C-busserial port clock line. 
P1.7 
3 
I/O 
SDA: 12C-busserial port data line. 


P2.o-P2.7 
18-25 
I/O 
Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have 1s written to 
them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 2 pins that are 


, 
externally being pulled low will source current because of the internal pull-ups. (See DC Electrical 
Characteristics: IILl. Port 2 emits the high-order address byte during fetches from external program 
memory and during accesses to external data memory that use 16-bit addresses (MOVX @DPTR). In this 
application, it uses strong internal pull-ups when emitting 1s. During accesses to external data memory 
that use 8-bit addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. 


P3.o-P3.7 
5, 
I/O 
Port 3: Port 3 is an B-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1s written to 
7-13 
them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 3 pins that are 
externally being pulled low will source current because of the pull-ups. (See DC Electrical Characteristics: 
IILl· Port 3 also serves the special features of the 80C51 family, as listed below: 
5 
I 
RxD (P3.0): Serial input port 


7 
0 
TxD (P3.1): Serial output port 


8 
I 
IJilTlj (P3.2): External interrupt 0 or gate control input for timer/event counter 0 
9 
I 
!RTf (P3.3): External interrupt 1 or gate control input for timer/event counter 1 
10 
I 
TO (P3.4): Timer 0 external input 


11 
I 
T1 (P3.5): Timer 1 external input 


12 
0 
WR (P3.6): External data memory write strobe 


13 
0 
"RO(P3.7): External data memory read strobe 


RST 
4 
I 
Reset: A high on this pin for two machine cycles while the osciilator is running, resets the device. An 
internal pull-down resistor to Vss permits a power-on reset using only an external capacitor to VDD. 


ALE 
27 
I/O 
Address 
Latch Enable: Output pulse for latching the low byte of the address during an access to external 
memory. In normal operation, ALE is emitted at a constant rate of 1/6 the oscillator frequency, and can be 
used for external timing or clocking. Note that one ALE pulse is skipped during each access to external 
data memory. ALE can sink/source 8 LSTIL inputs. It can drive CMOS inputs without an external pull-up. 
To prohibit the toggling of ALE pin (RFI noise reduction) the bit RFI in the PCON Register (PCON.5) must 
be set by software. This bit is cleared on RESET and can be cleared by software. When set, ALE pin will 
be pulled down internally, switching an external address latch to a quiet state. The MOVX instruction will 
still toggle ALE as a normal MOVX. ALE will retain its normal high value during Idle mode and a low value 
during Power-down mode while in the "RFI" mode. Additionally during internal access (lOA= 1) ALE will 
t'E'(le normally when the address exceeds the internal program memory size. During external access 
( 
= 0) ALE will always toggle normally, whether the flag "RFI" is set or not. 


l'Srn 
26 
0 
Program Store Enable: The read strobe to external program memory. When the 8XCE654 is executing 
code from the external program memory, l'Srn is activated twice each mac~s~Krcle, 
except that two 
l'Srn activations are skipped during each access to external data memory. 
is not activated during 
fetches from internal program memory. l'Srn can sink/source 8 LSTIL inputs. 


EA 
29 
I 
External Access Enable: when, during RESET, EA is held at a TIL HIGH level the CPU executes out of 
the internal program ROM, provided the program counter is less than 16384. When EA is held at a TIL 
LOW level during RESET, the CPU executes out of external program memory via Port 0 and Port 2. EA is 
not allowed to float. 


XTAL1 
15 
I 
Crystal 1: Input to the inverting oscillator amplifier and input to the internal clock generator circuits. 


XTAL2 
14 
0 
Crystal 2: Output from the inverting oscillator amplifier. 
NOTE: 
To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher or lower than VDD+ 0.5V or Vss - 0.5V, 
respectively. 
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SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 
RESET 
ADDRESS 
MSB 
LSB 
VALUE 


ACC' 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


B' 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data pointer 
(2 bytes) 
DPH 
Data pointer high 
83H 
OOH 
DPL 
Data pointer low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE'# 
Interrupt enable 
A8H 
EA 
I 
I 
ES1 
I 
ESO I 
ET1 
I 
EX1 
I 
ETO I 
EXO 
OxOOOOOOB 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP'# 
Interrupt priority 
B8H 
- 
I 
I 
PS1 
I 
PSO I 
PT1 
I 
PX1 
I 
PTO I 
PXO 
xxOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO' 
PortO 
80H 
AD7 I AD6 I 
AD5 
I 
AD4 
I 
AD3 
I 
AD2 
I 
AD1 
I 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1'# 
Port 1 
90H 
SDA I SCL I 
I 
I 
I 
I 
I 
FFH 


A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 


P2' 
Port 2 
AOH 
A15 I A14 I 
A13 
I 
A12 
I 
A11 
I 
A10 
I 
A9 
I 
A8 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


P3' 
Port 3 
BOH 
tmlml 
T1 
I 
TO 
I 
ff\lTf 
I 
I"I'JTO I 
TXD 
I 
RXD 
FFH 


PCON 
Power control 
87H 
SMOD I - 
I 
RFI 
I 
- 
I 
GF1 
I 
GFO I 
PD 
I 
IDL 
OxxxOOOOB 


9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


SOCON'# 
Serial 0 port control 
98H 
SMO I SM1 I 
SM2 
I 
REN I 
TB8 
I 
RB8 
I 
TI 
I 
RI 
OOH 


SOBUF# 
Serial 0 data buffer 
99H 
xxxxxxxxB 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


PSW' 
Program status word 
DOH 
CY I 
AC 
I 
FO 
I 
RS1 I 
RSO I 
OV 
I 
F1 
I 
P 
OOH 


S1DAT# 
Serial 1 data 
DAH 
OOH 


SP 
Stack pointer 
81H 
07H 


S1ADR# 
Serial 1 address 
DBH 
SLAVE ADDRESS 
I 
GC 
OOH 


S1STA# 
Serial 1 status 
D9H 
SC4 I SC3 I 
SC2 
I 
SC1 
I 
SCO 
I 
0 
I 
0 
I 
0 
F8H 


DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 


S1CON'# 
Serial 1 control 
D8H 
CR2 I ENS1 I 
STA 
I 
STO 
I 
SI 
I 
AA 
I 
CR1 
I 
CRO 
OOOOOOOOB 


8F 
8E 
8D 
8C 
8B 
8A 
89 
88 


TCON' 
TImer control 
88H 
TF1 I TR1 
I 
TFO I 
TRO I 
IE1 
I 
IT1 
I 
IEO 
I 
ITO 
OOH 


TH1 
TImer high 1 
8DH 
OOH 


THO 
TImer high 0 
8CH 
OOH 


TL1 
TImer low 1 
8BH 
OOH 


THO 
TImerlowO 
8AH 
OOH 


TMOD 
TImer mode 
89H 
GATE I crr 
I 
M1 
I 
MO 
I GATE I 
crr 
I 
M1 
I 
MO 
OOH 
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ROM CODE PROTECTION 
(83CE654) 
The 83CE654 has an additional security 
feature. 
ROM code protection may be 
selected by setting a mask-programmable 
security bit (i.e., user dependent). 
This 
feature may be requested during ROM code 
submission. 
When selected, the ROM code 
is protected and cannot be read out at any 
time by any test mode or by any instruction in 
the external program memory space. 


The MOVC instructions are the only 
instructions that have access to program 
code in the internal or external program 
memory. The Eli: input is latched during 
RESET and is "don't care" after RESET (also 
if the security bit is not set). This 
implementation prevents reading internal 
program code by switching from external 
program memory to internal program memory 
during a MOVC instruction or any other 
instruction that uses immediate data. 


Table 2 lists the access to the internal and 
external program memory by the MOVC 
instructions when the security bit has been 
set to a logical "1": 


OSCILLATOR 
CHARACTERISTICS 
XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol, 
page 992. 


To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minirnum and maximum 
high and low times specified in the data sheet 
must be observed. 


Reset 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on VDDand RST must 
come up at the same time for a proper 
start-up. 


Power-on 
Reset (See Figure 1.) 


When VDD is turned on, and provided its 
rise-time does not exceed 10ms, an 
automatic reset can be obtained by 
connecting the RST pin to VDDvia a 2.21lF 
capacitor. When the power is switched on, 
the voltage on the RST pin is equal to VDD 
minus the capacitor voltage, and decreases 
from VDDas the capacitor charges through 
the internal resistor (RRST)to ground. The 
larger the capacitor, the more slowly VRST 
decreases. VRSTmust remain above the 
lower threshold of the Schmitt trigger long 
enough to effect a complete reset. The tirne 
required is the oscillator start-up time, plus 2 
machine cycles. 


Idle Mode 
In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
,emain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


Power-Down 
Mode 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 


power-down 
is the last instruction 
executed. 


Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 


to terrninate the power-down mode. the 
control bits for the reduced power modes are 
in the special function register PCON. Table 3 
shows the state of the 1/0 ports during low 
current operating modes. 


Power Control Register 
PCON 


These special modes are activated by 
software via the Special Function Register 
PCON. Its hardware address is 87H. PCON 
is not bit addressable. The reset value of 
PCON is (OxOxOOOO). 


76543210 
I SMOq 
-I RF'I -I GFllGFOIPollOLl 


Function 


Double Baud rate bit. 
When set to logic 1 the 
baud rate is doubled when 
Timer 1 is used to 
generate baud rate, and 
the Serial Port is used in 
modes 1, 20r3. 
(reserved for future use") 
When set to logic 1 the 
toggling of ALE pin is 
prohibited. This bit is 
cleared on RESET. 
(reserved for future use") 
General purpose flag bit. 
General purpose flag bit. 
Power-down bit. Setting 
this bit activates 
Power-down mode. 
Idle mode bit. Setting this 
bit activates the Idle 
mode. If 1s are written to 
PO and IDL at the same 
time, PO takes 
precedence. 


PCON.4 
- 


PCON.3 
GF1 
PCON.2 
GFO 


PCON.1 
PO 


NOTE: 
User software should not write 1s to 
reserved bits. These bits may be used in 
future 80C51 family products to invoke 
new features. In that case, the reset or 
inactive value of the new bit will be 0, and 
its active value will be 1. The value read 
from a reserved bit is indeterminate. 


12C Serial Communication-SI01 
The 12Cserial port is identical to the 12C 
serial port on the 8XC552. The operation of 
this subsystem is described in detail in the 
8XC552 section of this manual. 


Note that in both the 8XC65214 and the 
8XC552 the (2C pins are alternate functions 
to port pins P1.6 and P1.7. Because of this, 
P1.6 and P1.7 on these parts do not have a 
pull-up structure as found on the 80C51. 
Therefore P1.6 and P1.7 have open drain 
outputs on the 8XC65214. 
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ACCESS TO INTERNAL 
ACCESS TO EXTERNAL 


PROGRAM MEMORY 
PROGRAM MEMORY 


MOVC in internai program memory 
YES 
YES 


MOVC in external program memory 
NO 
YES 


PROGRAM 
MODE 
MEMORY 
ALE 
PS£N 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


BIT FREQUENCY (kHz) AT losc 


CR2 
CR1 
CRO 
6MHz 
12MHz 
16MHz 
losc DIVIDED BY 


0 
0 
0 
23 
47 
63 
256 
0 
0 
1 
27 
54 
71 
224 
0 
1 
0 
31 
63 
83 
192 
0 
1 
1 
37 
75 
100 
160 


1 
0 
0 
6.25 
12.5 
17 
960 
1 
0 
1 
50 
100 
1331 
120 


1 
1 
0 
100 
2001 
2671 
60 


1 
1 
1 
0.24 < 62.5 
0.49 < 62.5 
0.65 < 55.6 
96 X (256 - (reload value Timer 1)) 


0<255 
0<254 
0<253 
reload value range Timer 1 (in mode 2) 


NOTES: 
1. These frequencies exceed the upper limit of 100kHz of the 12C-bus specification and cannot be used in an 12C-bus application. 
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PARAMETER 
RATING 
UNIT 


Voltage on VDDto Vss 
-D.5 to +6.5 
V 


Voltage on any pin to Vss 
-D.5 to VDD+0.5 
V 


Storage temperature range 
--B5 to +150 
°c 


Power dissipation (based on package heat transfer limitations, not device 
1 
W 
power consumption)' 


Operating ambient temperature range 


FBB 
o to +70 
°c 


FFB 
-40 to +85 
°c 


NOTE: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. this is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods may affect device reliability. 


SUPPLY VOLTAGE (V) 
FREQUENCY (MHz) 
TEMPERATURE RANGE 
TYPE 
(OC) 
MIN. 
MAX. 
MIN. 
MAX. 


P83(0)CE654FBB 
4.5 
5.5 
1.2 
16 
o to +70 


P83(0)CE654FFB 
4.5 
5.5 
1.2 
16 
-40 to +85 
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DC ELECTRICAL 
CHARACTERISTICS 


Voo = 5V (±10%), Vss = OV,Tamb= O°C to +70oC or -40°C to +85°C 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
PART TYPE 
CONDITIONS 
MIN. 
MAX. 
UNIT 


VIL 
Input low voltage, 
o to +70oC 
-0.5 
0.2Voo-o·1 
V 
except EA, P1.6/SCL, P1.7/SDA 
-40 to +85°C 
-0.5 
0.2Voo-o·15 
V 


VIL1 
Input low voltage to EA 
o to +70°C 
-0.5 
0.2Voo-o·3 
V 


-40 to +85°C 
-0.5 
0.2Voo-o·35 
V 


VIL2 
Input low voltage to P1.6/SCL, P1.7/SDA6 
-0.5 
0.3Voo 
V 


VIH 
Input high voltage, except XTAL1, RST, 
o to +70oC 
0.2Voo+0.9 
Voo+0.5 
V 
P1.6/SCL, P1.7/SDA 
-40 to +85°C 
0.2Voo+1.0 
Voo+0.5 
V 


V1H1 
Input high voltage, XTAL1, RST 
o to +70oC 
0.7Voo 
Voo+0.5 
V 


-40 to +85°C 
0.7Voo+0.1 
Voo+0.5 
V 


VIH2 
Input high voltage, P1.6/SCL, P1.7/SDA6 
0.7Voo 
6.0 
V 


VOL 
Output low voltage, ports 1, 2, 3, 
IOL= 1.6mA7 
0.45 
V 


except P1.6/SCL, P1.7/SDA4. ALE, PSE1iI 


VOL1 
Output low voltage, port 0, ALE, PSE1iI4 
IOL= 3.2mA7 
0.45 
V 


VOL2 
Output low voltage, P1.6/SCL, P1.7/SDA4 
IOL= 3.0mA7 
0.4 
V 


VOH 
Output high voltage, ports 1,2,3, except P1.6, 
IOH= -{l0IlA; 
2.4 
V 
P1.7, ALE, PSE1iI 
Voo = 5V (± 10%) 


IOH= -251lA 


0.75Voo 
V 
IOH= -101lA 
0.9Voo 
V 


VOHl 
Output high voltage; 
IOH= -800IlA; 
2.4 
V 
port 0 in external bus modes 
Voo = 5V (± 10%) 
IOH=-3OOIlA 
0.75Voo 
V 
IOH= -8OIlA 
0.9Voo 
V 


IlL 
Logical 0 input current, ports 1, 2, 3, 
o to +70°C 
Vi = 0.45V 
-50 
IlA 


except P1.6/SCL, P1.7/SDA 
-40 to +85°C 
Vi = 0.45V 
-75 
IlA 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 3, 
o to +70oC 
Vi= 2.0V 
-{l50 
IlA 


except P1.6/SCL, P1.7/SDA 
-40 to +85°C 
Vi= 2.0V 
-750 
IlA 


IUl 
Input leakage current, port 0, EA 
0.45V < Vi < Voo 
±10 
IlA 


IU2 
Input leakage current, P1.61SCL, P1.7/SDA 
OV < Vi< 5.5V 
±10 
IlA 


OV< Voo < 5.5V 


100 
Power supply current: 
Active mode @ 16MHzl.8 
Voo =5.5V 
22 
mA 
Idle mode @ 16MHz2. 8 
Voo = 5V ± 10% 
6 
mA 


Power down mode3 
@2V < Vpo < VOOMAX 
50 
IlA 


RRST 
Internal reset pull-down resistor 
50 
150 
kQ 


CIO 
Pin capacitance of I/O buffer 
Freq.=1MHz; 
10 
pF 
Tamb= 25°C 
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NOTES FOR DC ELECTRICAL CHARACTERISTICS: 
1. The operating supply current is measured with all output pins disconnected; XTAL1 driven with tr = tf = 5ns; VIL = Vss + 0.5V; 
VIH = VDD-o.5V; XTAL2 not connected; EA = RST = Port a = P1.6 = P1.7 = VDD· 


2. The idle mode supply current is measured with all output pins disconnected; XTAL1 driven with tr = tf = 5ns; V1L= Vss + 0.5V; 
VIH = VDD-o.5V; XTAL2 not connected; Port a = P1.6 = P1.7 = VDD;EA = RST = Vss· 
3. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port a = P1.6 = P1.7 = VDD; 


EA = XTAL1 = RST = Vss. 
4. Capacitive loading on ports a and 2 may cause spurious noise to be superimposed on the VOLs of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port a and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 
1oopF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 


5. 
Capacitive loading on ports a and 2 may cause the VOHon ALE and PSE\l to momentarily fall below the 0.9VDDspecification when the 
address bits are stabilizing. 


6. The input threshold voltage of P1.6 and P1.7 (S101) meets the 12Cspecification, so an input voltage below 0.3VDD will be recognized as a 


logic a while an input voltage above 0.7VDD will be recognized as a logic 1. 
7. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: Maximum IOL= 10mA per port pin; Maximum 
IOL= 26mA total for Port 0; Maximum IOL= 15mA total for Ports 1, 2, and 3; Maximum IOL= 71mA total for all output pins. If IOLexceeds the 
test conditions, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed test conditions. 


8. 
IDDMAXfor the 80183CE654 
at the other frequencies can be derived from Figure 1, where FREQ is the external oscillator frequency in MHz. 


IDDMAXis given in mA. 


-- 
VV 


...••.•...• ~ 


...••.•...• 


....•V 
- 
- 
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-. 
16MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1!tclCl 
2 
Oscillator frequency 
1.2 
16 
MHz 


tlHll 
2 
ALE pulse width 
85 
2lclCl-40 
ns 


tAVll 
2 
Address valid to ALE low 
8 
tClCl-55 
ns 


ILlAX 
2 
Address hold after ALE low 
28 
tClCl-35 
ns 


tlllV 
2 
ALE low to valid instruction in 
150 
4lclCl-100 
ns 


ILlPl 
2 
ALE low to f'SEI'llow 
23 
telCl-40 
ns 


tPlPH 
2 
f'SEI'l pulse width 
143 
3lclCl-45 
ns 


tPlIV 
2 
f'SEI'llow 
to valid instruction in 
83 
3lclCl-105 
ns 


tPXIX 
2 
Input instruction hold after f'SEI'l 
0 
0 
ns 


tPXIZ 
2 
Input instruction float after f'SEI'l 
38 
lclCl-25 
ns 


tAVIV 
2 
Address to valid instruction in 
208 
5lclCl-105 
ns 


tplAZ 
2 
f'SEI'llow 
to address float 
10 
10 
ns 


Data Memory 


tAVll 
3,4 
Address valid to ALE low 
8 
tClCl-55 
ns 


tRlRH 
3,4 
11l:lpulse width 
275 
6lclCl-100 
ns 


tWlWH 
3,4 
WR: pulse width 
275 
6tClCl-100 
ns 


tRlOV 
3,4 
11l:llow to valid data in 
148 
5lclCl-165 
ns 


tRHOX 
3,4 
Data hold after RU 
0 
0 
ns 


tRHOZ 
3,4 
Data float after RU 
55 
2tClCl-70 
ns 


tllOV 
3,4 
ALE low to valid data in 
350 
8lclCl-150 
ns 


tAVOV 
3,4 
Address to valid data in 
398 
9lclCl-165 
ns 


UWl 
3,4 
ALE low to RU or WR: low 
138 
238 
3lclCl-50 
3lclCl+50 
ns 


tAVWl 
3,4 
Address valid to WR: low or RU low 
120 
4lclCl-130 
ns 


tavwx 
3,4 
Data valid to WR: transition 
3 
tClCl-60 
ns 


tow 
3,4 
Data setup time before WR: 
288 
7tClCl-150 
ns 


tWHOX 
3,4 
Data hold after WR: 
13 
tClCl-50 
ns 


tRlAZ 
3,4 
RU low to address float 
0 
0 
ns 


tWHlH 
3,4 
RU or WR: high to ALE high 
23 
103 
lclCl-40 
lclCl +40 
ns 


Shift Register3 


tXLXl 
5 
Serial port clock cycle time 
0.75 
12lclCl 
~s 


taVXH 
5 
Output data setup to clock rising edge 
492 
1°lclCl-133 
ns 


tXHOX 
5 
Output data hold after clock rising edge 
80 
2tClCl-117 
ns 


tXHOX 
5 
Input data hold after clock rising edge 
0 
0 
ns 


tXHOV 
5 
Clock rising edge to input data valid 
492 
10lclCl-133 
ns 


External Clock 


lcHCX 
6 
High time 
20 
20 
lclCl- 
tLOW 
ns 


lclCX 
6 
Low time 
20 
20 
lclCl- 
tHIGH 
ns 


lclCH 
6 
Rise time 
20 
20 
ns 


lcHCl 
6 
Fall time 
20 
20 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and f'SEI'l = 1OOpF,load capacitance for all other outputs = 80pF. 


3. Test condition: Tamb= OOCto +70C; VOO= 5V + 10%; Vss = OV;load capacitance = 80pF. 
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SYMBOL 
PARAMETER 
INPUT 
OUTPUT 


SCl TIMING CHARACTERISTICS 


tHD; STA 
START condition hold time 
2: 14 lcLCL 
> 4.0flS1 


tLOW 
SCllOWtime 
2: 16 tCLCL 
> 4.7flS1 


tHIGH 
SCl HIGH time 
2: 14 tCLCL 
> 4.0flS1 


tAC 
SCl rise time 
~ 1fls 
- 2 


tFC 
SCl fall time 
~ 0.3flS 
< 0.3flS3 


SDA TIMING CHARACTERISTICS 


tsu; DAT1 
Data set-up time 
2: 250ns 
> 20 tCLCL- tAD 


tsu; DAT2 
SDA set-up time (before rep. START cond.) 
2: 250ns 
> 1flSl 


tsu; DAT3 
SDA set-up time (before STOP cond.) 
2: 250ns 
> 8 tCLCL 


tHD; DAT 
Data hold time 
2: Ons 
> 8 tCLCL- tFC 


tsu; STA 
Repeated START set-up time 
2: 14 tCLCL 
> 4.7flSl 


tsu; STO 
STOP condition set-up time 
2: 14 tCLCL 
> 4.0flS1 


tSUF 
Bus free time 
2: 14 tCLCL 
> 4.7flSl 


tAD 
SDA rise time 
~ 1flS 
_2 


IFD 
SDAfalitime 
~ 0.3flS 
< 0.3flS3 


NOTES: 
1. At 100 kbiVs. At other bit rates this value is inversely proportional to the bit-rate of 100 kbiVs. 
2. 
Determined by the external bus-line capacitance and the external bus-line pull-resistor, this must be < 1flS. 


3. 
Spikes on the SDA and SCL lines with a duration of less than 3 tCLCLwill be filtered out. Maximum capacitance on bus-lines SDA and 
SCL= 400pF. 
4. t~LCL= 1/fosc = one oscillator clock period at pin XTAL1. For 62ns < tCLCL< 285ns (16MHz > fosc > 3.5MHz) the SI01 interface meets the 


I C-bus specification for bit-rates up to 100 kbiVs. 


Oscillator 
Circuitry 
The capacitors connected to the crystal 
should be: C1 = C2 = 20pF. 
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EXPLANATION 
OF THE AC SYMBOLS 
Each timing symbol has five characters. The 
Q - 
Output data 
first character is always 't' (= time). The other 
R - 
l'1U signal 


characters, depending on their positions, 
t 
- 
Time 
indicate the name of a signal or the logical 
V - 
Valid 


status of that signal. The designations are: 
W - 
WR signal 


A - 
Address 
X - 
No longer a valid logic level 
c-a~ 
Z-~M 
D - 
Input data 
Examples: tAvLL= Time for address valid 


H - 
Logic level high 
to ALE low. 


I 
- 
Instruction (program memory contents) 
tLLPL= Time for ALE low 
L - 
Logic level low, or ALE 
to l'SEJ\Ilow. 
P - 
l'SEJ\I 
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r- tXLXL-1 


taVXH 1-1r- IXHQX 


OUTPUt 
DATA,------\~=======X 
_ 


WRITE TO SBUF 


I 
X 
X 
X 
X 
X 
X 
7 
t 


SETTI 


t 


SETRI 


INPUT 
DATA 
~' 


CLEAR 
RI 


CMOS single-chip 
8-bit microcontroller 
with 
Electromagnetic 
Compatibility 
improvements 


VO~·5 
- - - - 
O.7Voo 


O.45V 
O.2VO~.1 


tCHCL - 
CLC 


2.4V~ 
:::: 
V- 


O.45V~~-------~ 


NOTE, 


AC INPUTS 
DURING 
TESTING 
ARE DRIVEN 
AT 2.4V 
FOR A lOGIC 
'1' AND O.45V 
FOR A LOGIC 
'0'. TIMING 
MEASUREMENTS 
ARE MADE 
AT 2.DV FOR A LOGIC 
'1' 


AND a.8V 
FOR A lOGIC 
'0', 


NOTE: 
THE FLOAT 
STATE 1$ DEFINED 
AS THE POINT 
AT WHICH 
A PORT 
0 PIN SINKS 
3.2MA 
OR SOURCES 
400j.J..$AT THE VOLTAGE 
TEST 
lEVELS. 


VOO-ll·5 - - - - 


O.7Voo 


O.45V 
O.2VOo-O.1 


Figure 9. 
Clock Signal Waveform for 100Tests in Active and Idle Modes 


tCLCH = tCHCL = 5ns 


Purchase 
of Philips' 
12Ccomponents 
conveys 
a license under the 
Philips' 
12Cpatent to use the components 
in the 12C-system 
provided 
the system conforms 
to the 12Cspecifications 
defined 
by Philips. 


DESCRIPTION 
The Philips 8XC750 offers the advantages of 
the 80C51 architecture in a small package 
and at low cost. 


The 8XC750 Microcontroller is fabricated with 
Philips high-density CMOS technology. 
Philips epitaxial substrate minimizes CMOS 
latch-up sensitivity. 


The 87C750 contains a 1k x 8 EPROM, a 
64 x 8 RAM, 19 I/O lines, a 16-bit 
auto-reload counter/timer, a five-source, 
fixed-priority level interrupt structure and an 
on-chip oscillator. 


• Wide oscillator frequency range-up 
to 
40MHz 


• Small package sizes 


- 
24-pin DIP (300 mil "skinny DIP") 


- 
28-pin PLCC 


• 87C750 available in erasable quartz lid or 
one-time programmable plastic packages 


• Low power consumption: 


- 
Normal operation: less than 11mA @ 5V, 
12MHz 


- 
Idle mode 


- 
Power-down mode 


• 1k x 8 EPROM (87C750) 


·64x8RAM 


• 16-bit auto reloadable counterltimer 


• Boolean processor 


• CMOS and TTL compatible 


• Well suited for logic replacement, 


consumer and industrial applications 


• LED drive outputs 


vcc 


P3.51A5 


P3.61A6 


P3.7/A7 


P1.7fT0!07 


Pl.6III'ITT1D6 


Pl.5IfJil'I'UID5 


Pl.41D4 


Pl.3ID3 


X2 
Pl.21D2 


Pl.11D1 


vSS 
PUliDO 


26 


25 


" 
19 


12 
16 


Pin 
Function 
POl 
Function 


1 
P3.4/A4 
15 
Pl.OIDO 


2 
P3.31A3 
16 
P1.11D1 


3 
P3.2/A2/A10 
17 
Pl.2ID2 


4 
P3.1/Al!A9 
16 
P1.3ID3 


5 
N.C. 
19 
P1.4ID4 


6 
P3.0!AOIAB 
20 
P1.51Tm1l1D5 


7 
~~&'PGM 


21 
N.C. 


6 
22 
N.C. 


9 
PO.OIASEL 
23 
Pl.6III'ITT1D6 


10 
N.C. 
24 
Pl.7fT0ID7 


" 
RST 
25 
P3.7/A7 


12 
X2 
26 
P3.61A6 
13 
Xl 
27 
P3.51AS 


14 
vSS 
26 
vcc 


ROM 
EPROMl 
TEMPERATURE 
RANGE ·C AND PACKAGE 
FREQUENCY 
DRAWING 
NUMBER 


P87C750EBF FA 
UV 
o to +70, Ceramic Dual In-line Package 
3.5 to 16MHz 
0586B 


P87C750EFF FA 
UV 
-40 to +85, Ceramic Dual In-line Package 
3.5 to 16MHz 
0586B 


P83C750EBP N 
P87C750EBP N 
OTP 
o to +70, Plastic Dual In-line Package 
3.5 to 16MHz 
0410D 


P83C750EFP N 
P87C750EFP N 
OTP 
-40 to +85, Plastic Dual In-line Package 
3.5 to 16MHz 
0410D 


P83C750EBA A 
P87C750EBA A 
OTP 
o to +70, Plastic Lead Chip Carrier 
3.5 to 16MHz 
0401F 


P83C750EFA A 
P87C750EFA A 
OTP 
-40 to +85, Plastic Lead Chip Carrier 
3.5 to 16MHz 
0401F 


P83C750PBP N 
P87C750PBP N 
OTP 
o to +70, Plastic Dual In-line Package 
3.5 to 40MHz 
0410D 


P83C750PFP N 
P87C750PFP N 
OTP 
-40 to +85, Plastic Dual In-line Package 
3.5 to 40MHz 
0410D 


P83C750PBA A 
P87C750PBA A 
OTP 
o to +70, Plastic Lead Chip Carrier 
3.5 to 40MHz 
0401F 


P83C750PFA A 
P87C750PFA A 
OTP 
-40 to +85, Plastic Lead Chip Carrier 
3.5 to 40MHz 
0401F 


P87C750PBF FA 
UV 
o to +70, Ceramic Dual In-line Package 
3.5 to 40MHz 
0586B 


P87C750PFF FA 
UV 
-40 to +85, Ceramic Dual In-line Package 
3.5 to 40MHz 
0586B 


r----------------- 
I 
I 
Vcc 
1 
ID 
-=-1 


1 


-------------------l 


1 


1 


1 


1 


1 
I 
I 


1 


1 


1 


1 
I 


1 


1 
I 
I 


1 


1 


1 


1 


1 
I 
I 


1 


1 


1 
I 
I 


1 


1 
I 
I 


1 


1 


1 


__________ 
---.J 


TIMING 


AND 


CONTROL 


PIN NO. 


MNEMONIC 
DIP/ 
LCC 
TYPE 
NAME AND FUNCTION 
SSOP 


V55 
12 
14 
I 
Circuit 
Ground Potential 


Vcc 
24 
28 
I 
Supply voltage during 
normal, idle, and power-down 
operation. 


PO.0-PO.2 
8-6 
9-7 
I/O 
Port 0: Port a is a 3-bil open-drain, bidirectional port. Port a pins that have 1s written to them float, 
and in that state can be used as high-impedance inputs. These pins are driven low if the port 
register bit is written with a O.The state of the pin can always be read from the port register by the 
program. 


PO.a and PO.1are open drain bidirectional I/O pins with the electrical characteristics listed in the 
tables that follow. While these differ from "standard TTL" characteristics, they are close enough for 
the pins to still be used as general-purpose I/O. Port a also provides alternate functions for 
programming the EPROM memory as follows: 
6 
7 
N/A 
Vpp (PO.2) - Programming voltage input. 


7 
8 
I 
OElPGM (PO.1)- Input which specifies verify mode (output enable) or the program mode. 
.' 
OElPGM = 1 output enabled (verify mode) . 
OElPGM = a program mode. 


8 
9 
i 
ASEL (PO.O)- input which indicates which bits of the EPROM address are applied to port 3. 
ASEL = a low address byte available on port 3. 
ASEL = 1 high address byte available on port 3 (only the three least significant bits are used). 


P1.0-PL7 
13-20 
15-20, 
I/O 
Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pUll-Ups. Port 1 pins that have 1s written 
23,24 
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 1 pins 
that are externally pulled low will source current because of the internal pull-ups. (See DC 
Electrical Characteristics: Ird. Port 1 serves to output the addressed EPROM contents in the verify 
mode and accepts as inputs the value to program into the selected address during the program 
mode. Port 1 aiso serves the special function features of the 80C51 family as listed below: 


18 
20 
I 
rnTll (P1.5): External interrupt. 


19 
23 
I 
INTT (P1.6): External interrupt. 


20 
24 
I 
TO (P1.7): Timer a external input. 


P3.0-P3.7 
5-1, 
4-1,6, 
I/O 
Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1s written 
23-21 
27-25 
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 3 pins 
that are externally being pulled low will source current because of the pull-ups. (See DC Electrical 
Characteristics: Ill)' Port 3 also functions as the address input for the EPROM memory location to 
be programmed (or verified). The 1a-bit address is multiplexed into this port as specified by 
PO.O/ASEL. 


RST 
9 
11 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the device. 
An internal diffused resistor to V 55 permits a power-on RESET using only an external capacitor to 
Vcc· After the device is reset, a 1a-bit serial sequence, sent LSB first, applied to RESET, places 
the device in the programming state allowing programming address, data and Vpp to be applied for 
programming or verification purposes. The RESET serial sequence must be synchronized with the 
X1 input. 


X1 
11 
13 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator circuits. 


X1 also serves as the clock to strobe in a serial bit stream into RESET to place the device in the 
programming state. 


X2 
10 
12 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


OSCILLATOR 
CHARACTERISTICS 
X1 and X2 are the input and output, 
respectively, of an inverting amplifier which 
can be configured for use as an on-chip 
oscillator. 


To drive the device from an external clock 
source, X1 should be driven while X2 is left 
unconnected. There are no requirements on 
the duty cycle of the external clock signal, 
because the input to the internal clock 
circuitry is through a divide-by-two flip-flop. 
However, minimum and rnaximum high and 
low times specified in the data sheet must be 
observed. 


RESET 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-up reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-up, the voltage on Vcc and RST must 
corne up at the same time for a proper 
start-up. 


IDLE MODE 
In idle mode, the CPU puts itself to sleep 
while all of the on-Chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER-DOWN 
MODE 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. the 
control bits for the reduced power modes are 
in the special function register PCON. 


External 
Pin Status 
During Idle and 
Power-Down 
Modes 


MODE 
Port 0 
Port 1 
Port 2 


Idle 
Data 
Data 
Data 
Power-down 
Data 
Data 
Data 


DIFFERENCES 
BETWEEN 
THE 
8XC750 
AND THE 80C51 


Program 
Memory 
On the 8XC750, program memory is 1024 
bytes long and is not externally expandable, 
so the 80C51 instructions MOVX, LJMP, and 
LCALL are not implemented. The only fixed 
locations in program memory are the 
addresses at which execution is taken up in 
response to reset and interrupts, which are 
as follows: 


Event 
Reset 
External INTO 
Counterltimer 0 
ExternallfilTf 


Program 
Memory 
Address 


000 
003 
OOB 
013 


CounterlTimer 
Subsystem 


The 87C750 has one counter/timer called 
timer/counter O. Its operation is similar to 
mode 2 operation on the 80C51 , but is 
extended to 16 bits with 16 bits of autoload. 
The controls for this counter are centralized 
in a single register called TCON. 


Interrupt 
Subsystem 
- Fixed 


Priority 
The IP register and the 2-level interrupt 
system of the 80C51 are eliminated. 
Simultaneous interrupt conditions are 
resolved by a single-level, fixed priority as 
follows: 


Pin INTO 
Counter/timer flag 0 
Pin IfiITf 


Special 
Function 
Register 


Addresses 
Special function registers for the 8XC750 are 
identical to those of the 80C51 , except for the 
changes listed below: 


80C51 special function registers not present 
in the 8XC750 are TMOD (89), P2 (AO)and 
IP (B8). The 80C51 registers TH1 and TL 1 
are replaced with the 87C750 registers RTH 
and RTL respectively (refer to Table 2). 


DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 
SYMBOL 
ADDRESS 
MSB 
LSB 
VALUE 


ACC' 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


B' 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


OPTR: 
Data pointer 


(2 bytes) 


OPH 
High byte 
83H 
OOH 


OPL 
Low byte 
82H 
OOH 


AF 
AE 
AO 
AC 
AB 
AA 
A9 
A8 


IE'# 
Interrupt enable 
A8H 
EA 
I 
- 
I 
- 
I 
- 
I 
- 
I 
EX1 
I 
ETO I 
EXO 
OOH 


82 
81 
80 


PO'# 
PortO 
80H 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
xxxxx111B 


97 
96 
95 
94 
93 
92 
91 
90 


P1' 
Port 1 
90H 
TO 
I rrm I 
Tl'JTO 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
FFH 


P3' 
Port 3 
BOH 
B7 
I 
B6 
I 
B5 
I 
B4 
I 
B3 
I 
B2 
I 
B1 
I 
BO 
FFH 


PCON# 
Power control 
87H 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
PO 
I 
10L 
xxxxxxOOB 


07 
06 
05 
04 
03 
02 
01 
00 


PSW' 
Program status word 
OOH 
CY 
I 
AC 
I 
FO 
I 
RS1 
I 
RSO I 
OV 
I 
- 
I 
P 
OOH 


SP 
Stack pointer 
81H 
07H 


8F 
8E 
80 
8C 
8B 
8A 
89 
88 


TCOW# 
Timer/counter control 
88H 
GATE I 
CIT 
I 
TF 
I 
TR 
I 
IEO 
I 
ITO 
I 
IE1 
I 
IT1 
OOH 


TL# 
Timer low byte 
8AH 
OOH 


TH# 
Timer high byte 
8CH 
OOH 


RTL# 
Timer low reload 
8BH 
OOH 


RTH# 
Timer high reload 
80H 
OOH 


PARAMETER 
RATING 
UNIT 


Storage temperature range 
-65 to +150 
°C 


Voltage from Vcc to Vss 
-0.5 to +6.5 
V 


Voltage from any pin to Vss (except Vpp) 
-0.5 to Vcc + 0.5 
V 


Power dissipation 
1.0 
W 


Voltage on Vpp pin to Vss 
o to +13.0 
V 


Maximum IOLper I/O pin 
10 
mA 


NOTES: 
1. 
Stresses 
above 
those 
listed under Absolute 
Maximum 
Ratings 
may cause 
permanent 
damage 
to the device. 
This is a stress rating only and 


functional operation of the device at these or any conditions other than those described in the AC and OC Electrical Characteristics section 
of this specification is not implied. 


2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


DC ELECTRICAL 
CHARACTERISTICS 
Tamb= O'C to +70'C or -40'C 
to +85'C, Vcc = 5V ±10%, Vss = OVl 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


V1L 
Input low voltage 
-0.5 
0.2Voo-o·1 
V 


V1H 
Input high voltage, except X1, RST 
0.2Vcc+0.9 
Vcc+0.5 
V 


VIHl 
Input high voltage, X1, RST 
0.7Vcc 
Vcc+0.5 
V 


VOL 
Output low voltage, ports 1 and 3 
IOL= 1.6mA2 
0.45 
V 


VOL1 
Output low voltage, port 0 
IOL= 3.2mP 
0.45 
V 


VOH 
Output high voltage, ports 1 and 3 
IOH=-60vA 
2.4 
V 


IOH= -25vA 
0.75Vcc 
V 


-- 
IOH= -1 OvA 
0.9Vcc 
V 


C 
Capacitance 
• 
10 
pF 


IlL 
Logical 0 input current, ports 1 and 3 
VIN = 0.45V 
-50 
~A 


ITL 
Logical 1 to 0 transition current, ports 1 and 33 
V1N= 2V (0 to +70'C) 
-650 
~A 


VIN = 2V (-40 to +85'C) 
-750 
~A 


III 
Input leakage current, port 0 
0.45 < V1N< Vcc 
±10 
vA 


RRST 
Internal pull-down resistor 
25 
175 
kn 


CIO 
Pin capacitance 
Test freq = 1MHz, 
10 
pF 
Tamb= 25'C 


Ipo 
Power-down current4 
Vcc = 2 to Vcc max 
50 
~A 


Vss", OV 


Vpp 
Vpp program voltage 
Vcc = 5V±10% 
12.5 
13.0 
V 


Tamb= 21'C to 27'C 


Ipp 
Program current 
Vpp = 13.0V 
50 
mA 


Icc 
Supply current (see Figure 2)5.6 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 
2. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 


Maximum IOLper port pin: 
10mA 
(NOTE: This is 85'C spec.) 


Maximum IOLper 8-bit port: 
26mA 


Maximum total IOLfor all outputs: 
67mA 


If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 
3. 
Pins of ports 1 and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 2V. 


4. 
Power-down Icc is measured with all output pins disconnected; port 0 = Vcc; X2, X1 n.c.; RST = Vss. 
5. Active Icc is measured with all output pins disconnected; X1 driven with tCLCH,!eHCL= 5ns, V1L = Vss + 0.5V, V1H= Vcc - 0.5V; X2 n.c.; 
RST = port 0 = Vcc. Icc will be slightly higher if a crystal oscillator is used. 


6. 
Idle Icc is measured with all output pins disconnected; X1 driven with !eLCH,!eHCL= 5ns, VIL = Vss + 0.5V, VIH = Vcc - 0.5V; X2 n.c.; 
port 0 = Vcc; RST = Vss. 


AC ELECTRICAL 
CHARACTERISTICS 
Tamb= O'C to +70'C or -40'C 
to +85'C, VCC= 5V ±10%, VSS= OV1,2 


VARIABLE CLOCK 


SYMBOL 
PARAMETER 
MIN 
MAX 
I 
MIN 
I 
MAX 
UNIT 


1!tcLCL 
Oscillator frequency: 
3.5 
16 
I 
3.5 
I 
40 
MHz 


External Clock (Figure 1) 


!eHCX 
High time 
20 
10 
ns 


teLCX 
Low time 
20 
10 
ns 


teLCH 
Rise time 
20 
20 
ns 


teHCL 
Fall time 
20 
20 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


2. Load capacitance for ports = 80pF. 


EXPLANATION 
OF THE AC SYMBOLS 


In defining the clock waveform, care must be 
H - 
Logic level high 


taken not to exceed the MIN or MAX limits of 
L - 
Logic level low 
the AC electrical characteristics table. Each 
Q - 
Output data 
timing symbol has five characters. The first 
T - 
Time 


character is always 't' (; time). The other 
V - 
Valid 


characters, depending on their positions, 
X - 
No longer a valid logic level 


indicate the name of a signal or the logical 
Z - 
Float 


status of that signal. The designations are: 
C - 
Clock 


D - 
Input data 


0.2 vcc +0.9 


0.2VCC-O.1 


tCHCH 


tClCH 


40 


14 


:< 
:< 
E 
12 
TV? ACTIVE 
leeS 
E 
"0 
"0 
30 
!,;J 
!,;J 


10 


TYP AeTlvEIce5 


20 


12 
16 


Frequency (MHz) 


Figure 2. 
lee vs. Frequency 


Maximum Ice values taken at Vce max and worst case temperature. 


Typicallcc 
values taken at Vcc; 
5.DV and 25°C. 


Notes 5 and 6 refer to DC Electricai Characteristics. 


87C750 PROGRAMMING 
CONSIDERATIONS 


EPROM Characteristics 
The 87C750 is programmed by using a 
modified Quick-Pulse Programming algorithm 
similar to that used for devices such as the 
87C451 and 87C51. It differs from these 
devices in that a serial data stream is used to 
place the 87C750 in the programming mode. 


Figure 3 shows a block diagram of the 
programming configuration for the 87C750. 
Port pin PO.2 is used as the programming 
voltage supply input (Vpp signal). Port pin 
PO.1is used as the program (PGMI) signal. 
This pin is used for the 25 programming 
pulses. 


Port 3 is used as the address input for the 
byte to be programmed and accepts both the 
high and low components of the eleven bit 
address. Multiplexing of these address 
components is performed using the ASEL 
input. The user should drive the ASEL input 
high and then drive port 3 with the high order 
bits of the address. ASEL should remain high 
for at least 13 clock cycles. ASEL may then 
be driven low which latches the high order 
bits of the address intemally. the high 
address should remain on port 3 for at least 
two clock cycles after ASEL is driven low. 
Port 3 may then be driven with the low byte of 
the address. The low address will be 
internally stable 13 clock cycles later. The 
address will remain stable provided that the 
low byte placed on port 3 is held stable and 
ASEL is kept low. Note: ASEL needs to be 
pulsed high only to change the high byte of 
the address. 


Port 1 is used as a bidirectional data bus 
during programming and verify operations. 
During programming mode, it accepts the 
byte to be programmed. During verify mode, 
it provides the contents of the EPROM 
location specified by the address which has 
been supplied to Port 3. 


The XTAL1 pin is the oscillator input and 
receives the master system clock. This clock 
should be between 1.2 and 6MHz. 


The RESET pin is used to accept the serial 
data stream that places the 87C750 into 
various programming modes. This pattern 
consists of a 1O-bit code with the LSB sent 
first. Each bit is synchronized to the clock 
input, XL 


Programming 
Operation 
Figures 4 and 5 show the timing diagrams for 
the program/verify cycle. RESET should 


initially be held high for at least two machine 
cycles. PO.1 (PGMI) and PO.2 (Vpp) will be at 
VOHas a result of the RESET operation. At 
this point, these pins function as normal 
quasi-bidirectional 
1/0 ports and the 
programming equipment may pUll these lines 
low. However, prior to sending the 1O-bit code 
on the RESET pin, the programming 
equipment should drive these pins high (VIH). 
The RESET pin may now be used as the 
serial data input for the data stream which 
places the 87C750 in the programming 
mode. Data bits are sampled during the clock 
high time and thus should only change during 
the time that the clock is low. Following 
transmission of the last data bit, the RESET 
pin should be held low. 


Next the address information for the location 
to be programmed is placed on port 3 and 
ASEL is used to perform the address 
multiplexing, as previously described. At this 
time, port 1 functions as an output. 


A high voltage Vpp level is then applied to the 
Vpp input (PO.2). (This sets Port 1 as an input 
port). The data to be programmed into the 
EPROM array is then placed on Port 1. This 
is followed by a series of programming pulses 
applied to the PGMI pin (PO.1). These pulses 
are created by driving PO.1 low and then 
high. This pulse is repeated until a total of 25 
programming pulses have occurred. At the 
conclusion of the last pulse, the PGMI signal 
should remain high. 


The Vpp signal may now be driven to the 
VOHlevel, placing the 87C750 in the verify 
mode. (Port 1 is now used as an output port). 
After four machine cycles (48 clock periods), 
the contents of the addressed location in the 
EPROM array will appear on Port 1. 


The next programming cycle may now be 
initiated by placing the address information at 
the inputs of the multiplexed buffers, driving 
the Vpp pin to the Vpp voltage level, 
providing the byte to be programmed to Port1 
and issuing the 26 programming pulses on 
the PGMI pin, bringing Vpp back down to the 
Vc level and verifying the byte. 


Programming 
Modes 
The 87C750 has four programming features 
incorporated within its EPROM array. These 
include the USER EPROM for storage of the 
application's code, a 16-byte encryption key 
array and two security bits. Programming and 
verification of these four eiements are 
selected by a combination of the serial data 
stream applied to the RESET pin and the 
voltage levels applied to port pins PO.1and 


Encryption 
Key Table 


The 87C750 includes a 16-byte EPROM 
array that is programmable by the end user. 
The contents of this array can then be used 
to encrypt the program memory contents 
during a program memory verify operation. 
When a program memory verify operation is 
performed, the contents of the program 
memory location is XNOR'ed with one of the 
bytes In the 16-byte encryption table. The 
resulting data pattern is then provided to port 
1 as the verify data. The encryption 
mechanism can be disable, in essence, by 
leaving the bytes in the encryption table in 
their erased state (FFH) since the XNOR 
product of a bit with a logical one will result in 
the original bit. The encryption bytes are 
mapped with the code memory in 16-byte 
groups. the first byte in code memory will be 
encrypted with the first byte in the encryption 
table; the second byte in code memory will be 
encrypted with the second byte in the 
encryption table and so forth up to and 
including the 16the byte. The encryption 
repeats in 16-byte groups; the 17th byte in 
the code memory will be encrypted with the 
first byte in the encryption table, and so forth. 


Security 
Bits 
Two security bits, security bit 1 and security 
bit 2, are provided to limit access to the 
USER EPROM and encryption key arrays. 
Security bit 1 is the program inhibit bit, and 
once programmed performs the following 
functions: 
1. Additional programming of the USER 
EPROM is inhibited. 


2. Additional programming of the encryption 
key is inhibited. 


3. Verification of the encryption key is 


inhibited. 


4. Verification of the USER EPROM and the 
security bit levels may still be performed. 


(If the encryption key array is being used, this 
security bit should be programmed by the 
user to prevent unauthorized parties from 
reprogramming the encryption key to all 
logical zero bits. Such programming would 
provide data during a verify cycle that is the 
logical complement of the USER EPROM 
contents). 


Security bit 2, the verify inhibit bit, prevents 
verification of both the USER EPROM array 
and the encryption key arrays. The security 
bit levels may still be veritied. 


Programming 
and Verifying 
Security 
Bits 
Security bits are programmed employing the 
same techniques used to program the USER 
EPROM and KEY arrays using serial data 
streams and logic levels on port pins 
indicated in Table 3. When programming 
either security bit, it is not necessary to 
provide address or data information to the 
87C750 on ports 1 and 3. 


Verification occurs in a similar manner using 
the RESET serial stream shown in Table 3. 
Port 3 is not required to be driven and the 
results of the verify operation will appear on 
ports 1.6 and 1.7. 


Ports 1.7 contains the security bit 1 data and 
is a logical one if programmed and a logical 
zero if erased. Likewise, P1.6 contains the 
security bit 2 data and is a logical one if 
programmed and a logical zero if erased. 


erasure. 
For this and secondary 
effects, 
it 


is recommended 
that an opaque label be 


placed over the window. 
For elevated 


temperature or environments where solvents 
are being used. apply Kapton tape Flourless 
part number 2345-5 or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-s1cm2.Exposing the EPROM to an 
ultraviolet lamp of 12,000f'W/cm2 rating for 
20 to 39 minutes, at a distance of about 
1 inch, should be sufficient. 


Erasure leaves the array in an all 1s state. 


Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 


OPERATION 
SERIAL CODE 
PO.1 (PGMI) 
PO.2(Vpp) 


Program user EPROM 
296H 
-' 
Vpp 
Verify user EPROM 
296H 
VIH 
VIH 
Program key EPROM 
292H 
_1 
Vpp 
Verify key EPROM 
292H 
VIH 
V1H 


Program security bit 1 
29AH 
- 
_1 
Vpp 


Program security bit 2 
298H 
_1 
Vpp 
Verify security bits 
29AH 
V1H 
VIH 


EPROM PROGRAMMING 
AND VERIFICATION 


Tamb= 21'C to +27'C, Vcc = 5V ±10%, Vss = ov 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


1/tCLCL 
Oscillator/clock frequency 
1.2 
6 
MHz 


tAVGL' 
Address setup to PO.1 (PROG-) low 
1Of'S+ 24tCLCL 


lGHAX 
Address hold after PO.1 (PROG-) high 
48teLCL 


tOVGL 
Data setup to PO.1 (PROG-) low 
38teLCL 


tOVGL 
Data setup to PO.1 (PROG-) low 
38teLCL 


lGHOX 
Data hold after PO.1 (PROG-) high 
36teLCL 


tSHGL 
Vpp setup to PO.1 (PROG-) low 
10 
f1s 


tGHSL 
Vpp hold after PO.1 (PROG-) 
10 
f1s 


tGLGH 
PO.1 (PROG-) width 
90 
110 
f1s 


tAVQV2 
Vpp low (Vcel to data valid 
48tCLCL 


tGHGL 
PO.1 (PROG-) high to PO.1 (PROG-) low 
10 
f1s 


tSYNL 
PO.O(sync pulse) low 
4tCLCL 


tSYNH 
PO.O(sync pulse) high 
. 
, 
8teLCL 


tMASEL 
ASEL high time 
13teLCL 


tMAHLO 
Address hold time 
2teLCL 


tHASET 
Address setup to ASEL 
13tCLCL 


tAOSTA 
Low address to valid data 
48teLCL 


NOTES: 
1. Address should be valid at least 24tCLCLbefore the rising edge of PO.2 (Vpp). 
2. 
For a pure verify mode, i.e., no program mode in between, tAVQVis 14tCLCLmaximum. 


VppNIHVOLTAGE 


SOURCE 


CLKSOURCE 


XTAl1 
rl 
--.-J 
L 


11 


MIN 2 MACHINE 
I. 
CYCLES_I. 
r--II 


RESET 
--.J 


/~ r- 'SHGL 


I 
1 
L~~~--- 


I~·~--~-IIMASEL 
lGLGHr----1 
-I fe- 'GHGL 
~J------\~ 
9_8~_S_M_IN'0_~_S_M_IN 
_ 


lHASE+----+--11HAHLO 


PORT3 =x 
HIGH ADDRESS 
X'---LO-W-A-O-O-RE-S-S--------------------------- 
~--------------------------------- 


DATA TO BE PROGRAMMED 
INVALID 
DATA 
VALID DATA 


VERIFY 
MODE 
--------~. 
r--- 
PROGRAM 
MODE 
~~.~---- 
VERIFY 
MODE 
•• \ 


H'OVGL 
lGHOXr-+- 
lAVaV--1 


DESCRIPTION 
The Philips B3C751/B7C751 offers the 
advantages of the BOC51architecture in a 
small package and at low cost. 


The BXC751 Microcontroller is fabricated with 
Philips high-density CMOS technology. 
Philips epitaxial substrate minimizes CMOS 
latch-up sensitivity. 


The BXC751 contains a 2k x B ROM 
(B3C751) EPROM (B7C751), a 64 x 8 RAM, 
19 1/0 lines, a 16-bit auto-reload 
counterltimer, a five-source, fixed-priority 
level interrupt structure, a bidirectional 
inter-integrated circuit (12C)serial bus 
interface, and an on-chip oscillator. 


The on-board inter-integrated circuit (I2C) bus 
interface allows the BXC751 to operate as a 
master or slave device on the 12Csmall area 
network. This capability facilitates 1/0 and 
RAM expansion, access to EEPROM, 
processor-to-processor 
communication, and 
efficient interface to a wide variety of 
dedicated 12Cperipherals. 


• BOC51based architecture 


• Inter-Integrated Circuit (12C)serial bus 
interface 


• Small package sizes 


- 
24-pin DIP (300 mil "skinny DIP") 


- 
2B-pin PLCC 


• B7C751 available in erasable quartz lid or 
one-time programmable plastic packages 


• Wide oscillator frequency range 


• Low power consumption: 


- 
Normal operation: less than 11mA @ 5V, 
12MHz 


- 
Idle mode 


- 
Power-down mode 


• 2kxB 
ROM (B3C751) 


2k x B EPROM (B7C751) 


·64xBRAM 


• 16-bit auto reloadable counterltimer 


• Fixed-rate timer 


• Boolean processor 


• CMOS and TTL compatible 


• Well suited for logic replacement, 


consumer and industrial applications 


• LED drive outputs 


vcc 


P3.51AS 


11 
19 


12 
'8 


Pin 
Function 
Pin 
Function 


1 
P3.41A' 
15 
P1.0/D0 


2 
P3.31A3 
'6 
P1.11D1 
3 
P3.2JA2JA10 
17 
P1.2JD2 


• 
P3.1/A1/A9 
18 
Pl.3I03 


5 
N.C. 
19 
Pl.4I04 


6 
P3.OIAOIAB 
20 
Pl.5/Im1lID5 
7 


~~:\)'AtOE-PGM 
21 
N.C. 


8 
22 
N.C. 


9 
PO.o/scUASEL 
23 
Pl.6INTf1D6 


10 
N.C. 
2' 
Pl.7fT0I07 


11 
RST 
25 
P3.7/A7 


'2 
X2 
26 
P3.61AB 


13 
Xl 
27 
P3.51AS 


1. 
vss 
28 
vCC 


TEMPERATURE RANGE ·C 
FREQUENCY 
DRAWING 
ROM 
EPROM1 
AND PACKAGE 
MHz 
NUMBER 


SB7C751-1F24 
UV 
o to +70, Ceramic Dual In-line Package 
3.5 to 12 
05B6B 


SB7C751-2F24 
UV 
-40 to +B5, Ceramic Dual In-line Package 
3.5 to 12 
05B66 


SB7C751-4F24 
UV 
o to +70, Ceramic Dual In-line Package 
3.5 to 16 
05B66 


SB7C751-5F24 
UV 
-40 to +B5, Ceramic Dual In-line Package 
3.5 to 16 
05866 


SB3C751-1 N24 
SB7C751-1 N24 
OTP 
o to +70, Plastic Dual In-line Package 
3.5 to 12 
04100 


SB3C751-2N24 
SB7C751-2N24 
OTP 
-40 to +B5, Plastic Dual In-line Package 
3.5 to 12 
04100 


SB3C751-4N24 
SB7C751-4N24 
OTP 
o to +70, Plastic Dual In-line Package 
3.5 to 16 
04100 


SB3C751-5N24 
SB7C751-5N24 
OTP 
-40 to +B5, Plastic Dual In-line Package 
3.5 to 16 
04100 


SB3C751-1A2B 
SB7C751-1A2B 
OTP 
o to +70, Plastic Leaded Chip Carrier 
3.5 to 12 
0401F 


SB3C751-2A2B 
SB7C751-2A2B 
OTP 
-40 to +B5, Plastic Leaded Chip Carrier 
3.5 to 12 
0401F 


SB3C751-4A2B 
SB7C751-4A2B 
OTP 
o to +70, Plastic Leaded Chip Carrier 
3.5 to 16 
0401F 


SB3C751-5A2B 
SB7C751-5A2B 
OTP 
-40 to +B5, Plastic Leaded Chip Carrier 
3.5 to 16 
0401F 


r----------------- 


1 


1 
vcclID 
-=-1 


I 


1 
I 
I 
I 
I 
I 
I 
I 
I 


1 
I 
I 


1 


1 
I 


1 


1 


1 
I 


PIN NO. 


MNEMONIC 
DIPI 
lCC 
TYPE 
NAME AND FUNCTION 
SSOP 


VSS 
12 
14 
I 
Circuit 
Ground Potential 


Vcc 
24 
28 
I 
Supply voltage during 
normal, idle, and power-down 
operation. 


PO.o-PO.2 
8-6 
9-7 
110 
Port 0: Port 0 is a 3-bit open-drain, bidirectional port. Port 0 pins that have 1s written to them float, 
and in that state can be used as high-impedance inputs. Port 0 also serves as the serial 12C 
interface. When this feature is activated by software, SCl and SDA are driven low in accordance 
with the 12Cprotocol. These pins are driven low if the port register bit is written with a 0 or if the 12C 
subsystem presents a O.The state of the pin can always be read from the port register by the 
program. 


To comply with the 12Cspecification, PO.Oand PO.1are open drain bidirectional 110 pins with the 
electrical characteristics listed in the tables that follow. While these differ from "standard TIl" 
characteristics, they are close enough for the pins to still be used as general-purpose 
110 in 


non-12Capplications. Port 0 aiso provides alternate functions for programming the EPROM 
memory as follows: 


6 
7 
N/A 
Vpp (PO.2) - Programming voltage input. 


7 
8 
I 
OElPGM (PO.1)- Input which specifies verify mode (output enable) or the program mode. 
OElPGM = 1 output enabled (verify mode). 
OElPGM = 0 program mode. 
8 
9 
I 
ASEl 
(PO.O)- Input which indicates which bits of the EPROM address are applied to port 3. 


ASEl = 0 low address byte available on port 3. 
ASEl = 1 high address byte available on port 3 (only the three least significant bits are used). 


7 
8 
110 
SDA (PO.1) - 12Cdata. 
8 
9 
110 
SCl (PO.O)- 12Cclock. 


P1.o-P1.7 
13-20 
15-20, 
110 
Port 1: Port 1 is an 8-bit bidirectional 110 port with internal pull-ups. Port 1 pins that have 1s written 
23,24 
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 1 pins 
that are externally pulled low will source current because of the internal pull-ups. (See DC 
Electrical Characteristics: IILl. Port 1 serves to output the addressed EPROM contents in the verify 
mode and accepts as inputs the value to program into the selected address during the program 
mode. Port 1 also serves the special function features of the 80C51 family as listed below: 


18 
20 
I 
JNTlj (P1.5): External interrupt. 


19 
23 
I 
INTl (P1.6): External interrupt. 


20 
24 
I 
TO(P1.7): Timer 0 external input. 


P3.o-P3.7 
5-1, 
4-1,6, 
110 
Port 3: Port 3 is an 8-bit bidirectional 110 port with internal pull-ups. Port 3 pins that have 1s written 
23-21 
27-25 
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 3 pins 
that are externally being pulled low will source current because of the pull-ups. (See DC Electrical 
Characteristics: IILl. Port 3 also functions as the address input for the EPROM memory location to 
be programmed (or verified). The 11-bil address is multiplexed into this port as specified by 
PO.O/ASEL. 


RST 
9 
11 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the device. 
An internal diffused resistor to Vss permits a power-on RESET using only an external capacitor to 
Vcc· After the device is reset, a 1O-bit serial sequence, sent lSB first, applied to RESET, places 
the device in the programming state allowing programming address, data and Vpp to be applied for 
programming or verification purposes. The RESET serial sequence must be synchronized with the 
X1 input. 


X1 
11 
13 
I 
Crystal 1: Input to the inverting oscillator amplifier and input to the internal clock generator circuits. 
X1 also serves as the clock to strobe in a serial bit stream into RESET to place the device in the 
programming state. 


X2 
10 
12 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


PARAMETER 
RATING 
UNIT 


Storage temperature range 
-65 to +150 
°C 


Voltage from Vee to VSS 
-0.5 to +6.5 
V 


Voltage from any pin to Vss (except Vpp) 
. 
-0.5 to Vee + 0.5 
V 


Power dissipation 
1.0 
W 


Voltage on Vpp pin to Vss 
o to +13.0 
V 


Maximum IOLper 1/0 pin 
10 
mA 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 
2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 


charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°Cto +70°C or -40°C to +85°C, Vee = 5V ±10% for 87C751, Vee = 5V ±20% for 83C751, VSS= OV1 


LIMITS 
SYMBOL 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
MAX 


VIL 
Input low voltage, except SDA, SCL 
-0.5 
0.2Voo-o·1 
V 


VIH 
Input high voltage, except X1, RST 
0.2Vee+0.9 
Vee+0.5 
V 


VIH1 
Input high voltage, X1, RST 
0.7Vee 
Vee+0.5 
V 


SDA, SCL, PO.2 


VIL1 
Input low voltage 
-0.5 
0.3Vee 
V 
VIH2 
Input high voltage 
0.7Vee 
Vee+0.5 
V 


VOL 
Output low voltage, ports 1 and 3 
IOL= 1.6mA2 
0.45 
V 
VOL1 
Output low voltage, port 0.2 
IOL= 3.2mA2 
0.45 
V 


VOH 
Output high voltage, ports 1 and 3 
IOH=-60~A 
2.4 
V 


IOH=-25~A 
0.75Vee 
V 


IOH= -lO~A 
0.9Vee 
V 


Port 0.0 and 0.1 (12C)- Drivers 


VOL2 
Output low voltage 
IOL= 3mA 
0.4 
V 


Driver, receiver combined: 
(over Vee range) 


C 
Capacitance 
10 
pF 


IlL 
Logical 0 input current, ports 1 and 3 
VIN = 0.45V 
-50 
~A 


ITL 
Logical 1 to 0 transition current, ports 1 and 33 
VIN = 2V (0 to 70°C) 
-650 
~ 


VIN = 2V (-40 to +85°C) 
-750 
~A 
III 
Input leakage current, port 0 
0.45 < VIN < Vee 
±10 
~A 


RRST 
Internal pull-down resistor 
25 
175 
kQ 


Cia 
Pin capacitance 
Test freq = 1MHz, 
10 
pF 
Tamb= 25°C 


Ipo 
Power-down current" 
Vee = 2 to Vee max 
50 
~A 


Vpp 


Vss = OV 


Vpp program voltage (for 87C751 only) 
Vee=5V±10% 
12.5 
13.0 
V 


Tamb= 21°C to 27"C 


Ipp 
Program current (for 87C751 only) 
Vpp = 13.0V 
50 
mA 


Ice 
Supply current (see Figure 2) 


NOTES TO DC ELECTRICAL 
CHARACTERISTICS: 


1. Parameters are valid over operating temperature range unless otherwise specified. AUvoltages are with respect to Vss unless otherwise 


noted. 


2. 
Under steady state (non-transient) conditions, IOLmust be externaUy limited as foUows: 
Maximum IOLper port pin: 
10mA 
(NOTE: This is 85°C spec.) 
Maximum IOLper 8-bit port: 
26mA 


Maximum total IOLfor aUoutputs: 
67mA 


If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 
3. 
Pins of ports 1 and 3 source a transition current when they are being externaUy driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 2V. 


4. 
Power-down Icc is measured with aUoutput pins disconnected; port 0 = VCC;X2, X1 n.c.; RST = Vss· 
5. Active Icc is measured with all output pins disconnected; X1 driven with tCLCH,tCHCL= 5ns, VIL = Vss + 0.5V, V1H= Vcc - 0.5V; X2 n.c.; 
RST = port 0 = Vcc. Icc will be slightly higher if a crystal oscillator is used. 
6. 
Idle Icc is measured with all output pins disconnected; X1 driven with !eLCH,!eHCL= 5ns, V1L= Vss + 0.5V, VIH= Vcc - 0.5V; X2 n.c.; 
port 0 = VCC; RST = Vss· 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°Cto +70°C or -40°C to +85°C, VCC= 5V ±10% for 87C751, VCC= 5V ±20% for 83C751, Vss = OV1,2 


12MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1!lcLCL 
Oscillator frequency: 
3.5 
12 
MHz 


3.5 
16 
MHz 


External Clock (Figure 1) 


!eHCX 
High time 
20 
20 
ns 


!eLCX 
Low time 
20 
20 
ns 


!eLCH 
Rise time 
20 
20 
ns 


!eHCL 
Fall time 
! 
20 
20 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 


noted. 


2. 
Load capacitance for ports = 80pF. 


EXPLANATION 
OF THE AC SYMBOLS 
Each timing symbol has five characters. The 
H - 
Logic level high 


first character is always 'I' (= time). The other 
L - 
Logic level low 


characters. depending on their positions, 
Q - 
Output data 


indicate the name of a signal or the logical 
T - 
Time 


status of that signal. The designations are: 
V - 
Valid 


C - 
Clock 
X - 
No longer a valid logic level 
D - 
Input data 
Z - 
Float 


lcHCX 


tCLCH 


Figure 2. Ice vs. FREQ 
Maximum 
Ice values taken at Vec max and worst case temperature. 
Typical lee values taken at Vce = 5.0V and 25°C. 


Notes 5 and 6 refer to DC Electrical 
Characteristics. 


OSCILLATOR 
CHARACTERISTICS 
X1 and X2 are the input and output, 
respectively, of an inverting amplifier which 
can be configured for use as an on-chip 
oscillator. 


To drive the device from an external clock 
source, X1 should be driven while X2 is left 


unconnected. 
There 
are no requirements 
on 


the duty cycle of the external clock signal, 
because the input to the internal clock 
circuitry is through a divide-by-two flip-flop. 
However, minimum and maximum high and 
low times specified in the data sheet must be 
observed. 


RESET 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-up reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-up, the voltage on Vcc and RST must 
come up at the same time for a proper 
start-up. 


IDLE MODE 
In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
norrnal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER-DOWN 
MODE 


In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. the 
control bits for the reduced power modes are 
in the special function register PCON. 


External 
Pin Status 
During Idle and 
Power-Down 
Modes 


MODE 
PortO 
Port 1 
Port 2 


Idle 
Data 
Data 
Data 


Power- 
Data 
Data 
Data 
down 


DIFFERENCES 
BETWEEN 
THE 
8XC751 AND THE 80C51 


Memory Organization 
The central processing unit (CPU) 
manipulates operands in two address spaces 
as shown in Figure 3. The part's internal 
memory space consists of 2k bytes of 
program memory, and 64 bytes of data RAM 
overlapped with the 128-byte special function 
register area. The differences from the 80C51 
are in RAM size (64 bytes vs. 128 bytes), in 
external RAM access (not available on the 
83C751), in internal ROM size (2k bytes vs. 
4k bytes), and in external program memory 
expansion (not available on the 83C751). The 
128-byte special function register (SFR) 
space is accessed as on the 80C51 with 
some of the registers having been changed 
to reflect changes in the 83C751 peripheral 
functions. The stack may be located 
anywhere in internal RAM by loading the 8-bit 
stack pointer (SP). It should be noted that 
stack depth is limited to 64 bytes, the amount 
of available RAM. A reset loads the stack 


Special 
Function 
Registers 


pointer with 07 (which is pre-incremented on 
a PUSH instruction). 


Program 
Memory 
On the 8XC751, program memory is 2048 
bytes long and is not externally expandable, 
so the 80C51 instructions MOVX, LJMP, and 
LCALL are not implemented. The only fixed 
locations in program memory are the 
addresses at which execution is taken up in 
response to reset and interrupts, which are 
as follows: 


Event 
Reset 
External TfiJT(j 
Counter/timer 0 
External TIilTT 
Timer I 
12Cserial 


Program 
Memory 


Address 
000 
003 
OOB 
013 
01B 
023 


CounterlTimer 
Subsystem 


The 8XC751 has one counter/timer called 
timer/counter O.Its operation is similar to 
mode 2 operation on the 80C51 , but is 
extended to 16 bits with 16 bits of autoload. 
The controls for this counter are centralized 
in a single register called TCON. 


A watchdog timer, called Timer I, is for use 
with the 12Csubsystem. In 12Capplications, 
this timer is dedicated to time-generation and 
bus monitoring of the 12C.In non-12C 
applications, it is available for use as a fixed 
time-base. 


Counter Timer - 
Special 
Function 
Register 


The counter/timer has only one mode of 
operation, so the TMOD SFR is not used. 
There is also only one counter/timer, so there 
is no need for the TL 1 and TH1 SFRs found 
on the 80C51. These have been replaced on 
the 83C751 by RTL and RTH, the 
counter/timer reload registers. Table 3 shows 
the special function registers, their locations, 
and reset values. 


Interrupt 
Subsystem 
- Fixed 
Priority 
The IP register and the 2-level interrupt 
system of the BOC51are eliminated. 
Simultaneous interrupt conditions are 
resolved by a single-level, fixed priority as 
follows: 


Pin ff\lTli 
Counter/timer flag 0 
Pin JlilTT 
Timer I 
Serial12C 


Special 
Function 
Register - 
Interrupt 
Subsystem 
Because the interrupt structure is single level 
. on the B3C751, there is no need for the IP 
SFR, so it is not used. 


Serial Communications 
The BXC751 contains an 12Cserial 
communications port instead of the BOC51 
UART. The 12Cserial port is a single bit 


hardware interface with all of the hardware 
necessary to support multimaster and slave 
operations. Also included are receiver digital 
filters and timer (timer I) for communication 
watch-dog purposes. The 12Cserial port is 
controlled through four special function 
registers; 12Ccontrol, 12Cdata, 12Cstatus, 
and 12Cconfiguration. 


Special 
Function 
Register - 
Serial Communications 
The B3C751 contains many of lt1especial 
function registers (SFR) that are found on the 
BOC51. Due to the different peripheral 
features on the B3C751, there are several 
additional SFRs and several that have been 
changed. 


Since the standard UART found on the 
BOC51 has been replaced by the 12Cserial 
interface, the UART SFRs, SCON, and SBUF 
have been replaced by 12CONand 12DAT, 
and two additional 12Cregisters have been 
added (12STAand 12CFG). 


I/O Port Latches 
(PO, P1, P3) 
The port latches function the same as those 
on the BOC51. Since there is no port 2 on the 
B3C751, lt1e P2 latch is not used. Port 0 on 
the B3C751 has only 3 bits, so only 3 bits of 
the POSFR have a useful function. 


Special 
Function 
Register 
- 
I/O Port Latches 
There is no Port2 on the BXC751, so P2 is 
not used. Also, only 3 bits of POSFR have a 
useful function. 


Data Pointer (DPTR) 
The data pointer (DPTR) consists of a high 
byte (DPH) and a low byte (DPL). In the 
BOC51this register allows the access of 
external data memory using the MOVX 
instruction. Since the B3C751 does not 
support MOVX or external memory accesses, 
this register is generally used as a 16-bit 
offset pointer of the accumulator in a MOVC 
instruction. DPTR may also be manipulated 
as two independent B-bit registers. 


REGISTER ADDRESS 
BIT ADDRESS 


NAME 
SYMBOL 
ADDRESS 
MSB 
LSB 


12Ccontrol 
12CON 
9B 
9F 
9E 
9D 
9C 
9B 
9A 
99 
9B 


12Cdata 
12DAT 
99 
- 
- 
- 
- 
- 
- 
- 
- 


12Cconfiguration 
12CFG 
DB 
DF 
DE 
DD 
DC 
DB 
DA 
D9 
DB 


12Cstatus 
12STA 
FB 
FF 
FE 
FD 
FC 
FB 
FA 
F9 
FB 


Table 3. 
8XC751 
Special 
Function 
Registers 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL. OR ALTERNATIVE PORT FUNCTION 
RESET 
ADDRESS 
MSB 
LSB 
VALUE 


ACC< 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


B< 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


OPTR: 
Data pointer 
(2 bytes) 
OPH 
High byte 
83H 
OOH 
OPL 
Low byte 
82H 
OOH 


OF 
08 


12CFG<# 
12Cconfiguration 
08H/RO 
SLAVEN 
CTO 
OOOOxxOOB 


WR 
SLAVEN 
CTO 


9F 
9B 
99 
98 


12COW# 
12Ccontrol 
98H/RO 
ROAT 
81H 


WR 
CXA 
XSTP 


12OAT# 
12Cdata 
99H/RO 
ROAT 
0 
80H 


WR 
XOAT 
X 


FF 
FB 
FA 
F8 


12STN# 
12Ccontrol 
F8H 
XSTP 
x0100000B 


AF 
A8 


IE<# 
Interrupt enable 
A8H 
EA 
EXO 
OOH 


82 
80 


PO<# 
PortO 
80H 
SCL 
xxxxx111B 


97 
95 
94 
93 
92 
91 
90 


P1< 
Port 1 
90H 
TO 
FFH 


P3< 
Port 3 
BOH 
B7 
BO 
FFH 


PCON# 
Power control 
87H 
10L 
xxxxxxOOB 


07 
DO 


PSW< 
Program status word 
DOH 
CY 
P 
OOH 


SP 
Stack pointer 
81H 
07H 


8F 
8E 
88 


TCOW# 
Timer/counter control 
88H 
GATE 
IT1 
OOH 


TL# 
Timer low byte 
8AH 
OOH 


TH# 
Timer high byte 
8CH 
OOH 


RTL# 
Timer low reload 
8BH 
OOH 


RTH# 
Timer high reload 
80H 
OOH 
SFRs are bit addressable. 
# 
SFRs are modified from or added to the 80C51 SFRs. 
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I/O Port Structure 
The 8XC751 has two 8-bit ports (ports 1 
and 3) and one 3-bit port (port 0). All three 
ports on the 8XC751 are bidirectional. Each 
consists of a latch (special function register 
PO,P1, P3), an output driver, and an input 
buffer. Three port 1 pins and two port 0 pins 
are multifunctional. In addition to being port 
pins, these pins serve the function of special 
features as follows: 


Port Pin 
PO.O 
PO.1 
P1.5 
P1.6 
P1.7 


Alternate 
Function 
12Cclock (SCl) 
12Cdata (SDA) 
INTO (external interrupt 0 input) 
INT1 (external interrupt 1 input) 
TO (tirner 0 external input) 


Ports 1 and 3 are identical in structure to the 
same ports on the 80C51. The structure of 
port 0 on the 8XC751 is similar to that of the 
80C51 but does not include address/data 
input and output circuitry. As on the 80C51 , 
ports 1 and 3 are quasi-bidirectional while 
port 0 is bidirectional with no internal pullups. 


The 8XC751 has two timers: a 16-bit 
timer/counter and a 1O-bitfixed-rate timer. 
The 16-bit timer/counter's operation is similar 
to mode 2 operation on the 80C51, but is 
extended to 16 bits. The timer/counter is 
clocked by either 1/12 the oscillator 
frequency or by transitions on the TO pin. The 
crr pin in special function register TCON 
selects between these two modes. When the 
TCON TR bit is set, the timer/counter is 
enabled. Register pair TH and Tl are 
incremented by the clock source. When the 
register pair overflows, the register pair is 
reloaded with the values in registers RTH and 


RTL. The value in the reload registers is left 
unchanged. See the 83C751 counter/timer 
block diagram in Figure 4. The TF bit in 
special function register TCON is set on 
counter overflow and, if the interrupt is 
enabled, will generate an interrupt. 


TeON Register 


I GATE I crr I TF I TR I 
IEO I ITO IIE1 I 
1T1 I 


MSB 
LSB 


GATE 
- Timer/counter is enabled only 
when INTOpin is high, and TR 
is 1. 


0 
- Timer/counter is enabled when 
TR is 1. 


crr 
- Counter/timer operation from 
TO pin. 
0 
- Timer operation from internal 
clock. 


TF 
1 
- Set on overflow of TH. 
0 
- Cleared ",hen processor 


vectors to interrupt routine and 
by reset. 


TR 
1 
- Timer/counter enabled. 


0 
- Timer/counter disabled. 


lED 
1 
- Edge detected in 1NTll. 


ITO 
1 
- INTll is edge triggered. 
0 
- INTll is level sensitive. 
IE1 
1 
- Edge detected on TI\ITT. 


IT1 
1 
- 
TI\ITT is edge triggered. 


0 
- 
TI\ITT is level sensitive. 


These flags are functionally identical to the 
corresponding 80C51 flags, except that there 
is oniy one timer on the 83C751 and the flags 
are therefore combined into one register. 


Note that the positions of the IEO/ITOand 
IE1/1T1 bits are transposed from the positions 
used in the standard 80C51 TCON register. 


Tirner I is used to control the timing of the 12C 
bus and also to detect a "bus locked" 
condition, by causing an interrupt when 
nothing happens on the 12Cbus for an 
inordinately long period of time while a 
transmission is in progress. If the interrupt 
does not occur, the program can attempt to 
correct the fault and allow the last 12C 
transmission to be repeated. 


The 12Cwatchdog timer, timer I, is also 
available as a general-purpose fixed-rate 
timer when the 12Cinterface is not being 
used. A clock rate of 1/12 the oscillator 
frequency forms the input to the timer. Timer i 
has a timeout interval of 1024 machine 
cycles when used as a fixed-rate timer. 


12e Serial Interface 
The 12Cbus uses two wires (SDA and SCl) 
to transfer information between devices 
connected to the bus. The main features of 
the bus are: 
• Bidirectional data transfer between masters 


and slaves 


• Serial addressing of slaves (no added 


wiring) 


• Acknowledgment after each transferred 
byte 


• Multimaster bus 
• Arbitration between simultaneously 


transmitting masters without corruption of 
serial data on bus 


• The 82B715 extends communication 
distance to 100 feet (30M). 


A large family of 12Ccompatible ICs is 
available. See the 12Csection of this rnanual 
for more details on the bus and available ICs. 


The 83C751 12Csubsystem includes 
hardware to simplify the software required to 
drive the 12Cbus. The hardware is a single 
bit interface which in addition to including the 
necessary arbitration and framing error 
checks, includes clock stretching and a bus 
timeout timer. The interface is synchronized 
to software either through polled loops or 
interrupts. Refer to the application note 
AN422, in Section 4, entitled "Using the 
8XC751 Microcontroller as an 12CBus 
Master" for additional discussion of the 
83C751 12Cinterface and sample driver 
routines. 


Six time spans are important in 12Coperation 
and are insured by timer I: 
• The MINIMUM HIGH time for SCL when 


this device is the master. 


• The MINIMUM LOW time for SCL when 


this device is a master. This is not very 
important for a single-bit hardware 
interface like this one, because the SCL 
low time is stretched until the software 
responds to the 12Cflags. The software 
response time normally meets or exceeds 
the MIN LO time. In cases where the 
software responds within MIN HI + MIN 
LO) time, timer I will ensure that the 
minimum time is met. 


• The MINIMUM SCL HIGH TO SDA HIGH 


time in a stop condition. 


• The MINIMUM SDA HIGH TO SDA LOW 


time between 12Cstop and start conditions 
(4.7~s, see spec.). 


• The MINIMUM SDA LOW TO SCL LOW 


time in a start condition. 


• The MAXIMUM SCL CHANGE time while 
an 12Cframe is in progress. A frame is in 
progress between a start condition and the 
following stop condition. This time span 
serves to detect a lack of software 
response on this 8XC751 as well as 
external 12Cproblems. SCL "stuck low" 
indicates a faulty master or slave. SCL 
"stuck high" may mean a faulty device, or 
that noise induced onto the 12Cbus caused 
all masters to withdraw from 12Carbitration. 


The first five of these times are 4.7~s (see 
12Cspecification) and are covered by the low 
order three bits of timer I. Timer I is clocked 
by the 8XC751 oscillator, which can vary in 
frequency from 0.5 to 16MHz. Timer I can be 
preloaded with one of four values to optimize 
timing for different oscillator frequencies. At 
lower frequencies, software response time is 
increased and will degrade maximum 
performance of the 12Cbus. See special 
function register 12CFGdescription for 
prescale values (CTO, CT1). 


The MAXIMUM SCL CHANGE time is 
important, but its exact span is not critical. 
The complete 10 bits of timer I are used to 


count out the maximum time. When j2C 
operation is enabled, this counter is cleared 
by transitions on the SCL pin. The timer does 
not run between 12Cframes (Le., whenever 
reset or stop occurred more recently than the 
last start). When this counter is running, it will 
carry out after 1020 to 1023 machine cycles 
have elapsed since a change on SCL. A 
carry out causes a hardware reset of the 
83C751 12Cinterface and generates an 
interrupt if the timer I interrupt is enabled. In 
cases where the bus hangup is due to a lack 
of software response by this 83C751 , the 
reset releases SCL and allows 12Coperation 
among other devices to continue. 


12CInterrupts 
If 12Cinterrupts are enabled (EA and EI2 are 
both set to 1), an 12Cinterrupt will occur 
whenever the ATN flag is set by a start, stop, 
arbitration loss, or data ready condition (refer 
to the description of ATN following). In 
practice, it is not efficient to operate the 12C 
interface in this fashion because the 12C 
interrupt service routine would somehow 
have to distinguish between hundreds of 
possible conditions. Also, since 12Ccan 
operate at a fairly high rate, the software may 
execute faster if the code simply waits for the 
12Cinterface. 


Typically, the 12Cinterrupt should only be used 
to indicate a start condition at an idle slave 
device, or a stop condition at an idle master 
device (if it is waiting to use the 12Cbus). This 
is accomplished by enabling the 12Cinterrupt 
only during the aforementioned conditions. 


12CRegister 
12CON 


Reading 12CON 


RDAT 
The data from SDA is captured into 
"Receive DATa" whenever a rising 
edge occurs on SCL. RDAT is also 
available (with seven low-order 
zeros) in the 12DATregister. The 
difference between reading it here 
and there is that reading 12DAT 
clears DRDY, allowing the 12Cto 
proceed on to another bit. Typically, 
the first seven bits of a received 
byte are read from 12DAT,while the 
8th is read here. Then 12DATcan 
be written to send the Ack bit and 
clear DRDY. 


ATN 
"ATteNtion" is 1 when one or more 
of DRDY, ARL, STR, or STP is 1. 
Thus, ATN comprises a single bit 
that can be tested to release the 
12Cservice routine from a "wait 
loop." 


DRDY 
"Data ReaDY" (and thus ATN) is 
set when a rising edge occurs on 
SCL, except at idle slave. DRDY is 
cleared by writing CDR ; 1, or by 
writing or reading the 12DAT 
register. The following low period 
on SCL is stretched until the 
program responds by clearing 
DRDY. 


Checking ATN and DRDY 


When a program detects ATN ; 1, it should 
next check DRDY. If DRDY ; 1, then if it 
receives the last bit, it should capture the 
data from RDAT (in 12DATor 12CON). Next, if 
the next bit is to be sent, it should be written 
to 12DAT.One way or another, it should clear 
DRDY and then return to monitoring ATN. 
Note that if any of ARL, STR, or STP is set, 
clearing DRDY will not release SCL to high, 
so that the 12Cwill not go on to the next bit. If 
a program detects ATN ; 1, and DRDY ; 0, it 
should go on to examine ARL, STR, and 
STP. 


ARL 
"Arbitration Loss" is 1 when 
transmit Active was set, but this 
83C751 lost arbitration to another 
transmitter. Transmit Active is 
cleared when ARL is 1. There are 
four separate cases in which ARL 
is set. 
1. If the program sent a 1 or 


repeated start, but another 
device sent a 0, or a stop, so 
that SDA is 0 at the rising edge 
of SCL. (If the other device sent 
a stop, the setting of ARL will be 
followed shortly by STP being 
set.) 


2. If the program sent a 1, but 


another device sent a repeated 
start, and it drove SDA low 
before the 83C751 could drive 
SCL low. (This type of ARL is 
always accompanied by 
STR; 
1.) 
3. In master mode, if the program 


sent a repeated start, but 
another device sent a 1, and it 
drove SCL low before this 
83C751 could drive SDA low. 


4. In master mode, if the program 
sent stop, but it could not be 
sent because another device 
sent a O. 


STR 
"STaRt" is set to a 1 when an 12C 
start condition is detected at a 
non-idle slave or at a master. (STR 
is not set when an idle slave 
becomes active due to a start bit; 
the slave has nothing useful to do 
until the rising edge of SCL sets 
DRDY.) 


STP 
"SToP" is set to 1 when an 12Cstop 
condition is detected at a non-idle 
slave or at a master. (STP is not set 
for a stop condition at an idle 
slave.) 


MASTER "MASTER" is 1 if this 83C751 is 
currently a master on the 12C. 
MASTER is set when MASTRO is 1 
and the bus is not busy (i.e., if a 
start bit hasn't been received since 
reset or a "Timer I" time-out, or if a 
stop has been received since the 
last start). MASTER is cleared 
when ARL is set, or after the 
software writes MASTRO = 0 and 
then XSTP = 1. 


Writing 12CON 


Typically, for each bit in an 12Cmessage, a 
service routine waits for ATN = 1. Based on 
DRDY, ARL, STR, and STP, and on the 
current bit position in the message, it may 
then write 12CONwith one or more of the 
following bits, or it may read or write the 
12DATregister. 


CXA 
Writing a 1 to "Clear Xmit Active" 
clears the Transmit Active state. 
(Reading the 12DATregister also 
does this.) 


Regarding Transmit Active 


Transmit Active is set by writing the 12DAT 
register, or by writing 12CONwith XSTR = 1 
or XSTP = 1. The 12Cinterface will only drive 
the SDA iine low when Transmit Active is set, 
and the ARL bit will only be set to 1 when 
Transmit Active is set. Transmit Active is 
cleared by reading the 12DATregister, or by 
writing 12CONwith CXA = 1. Transmit Active 
is automatically cleared when ARL is 1. 


IDLE 
Writing 1 to "IDLE" causes a slave's 
12Chardware to ignore the 12Cuntil 
the next start condition (but if 
MASTRO is 1, then a stop 
condition will make the 83C751 into 
a master). 


CDR 
Writing a 1 to "Clear Data Ready" 
clears DRDY. (Reading or writing 
the 12DATregister also does this.) 


CARL 
Writing a 1 to "Clear Arbitration 
Loss" clears the ARL bit. 


CSTR 
Writing a 1 to "Clear STaRt" clears 
the STR bit. 


CSTP 
Writing a 1 to "Clear SToP" clears 
the STP bit. Note that if one or 
more of DRDY, ARL, STR, or STP 
is 1, the low time of SCL is 
stretched until the service routine 
responds by clearing them. 


XSTR 
Writing 1s to "Xmit repeated STaRr 
and CDR tells the 12Chardware to 
send a repeated start condition. 


This should only be at a master. 
Note that XSTR need not and 
should not be used to send an 
"initial" (nonrepeated) start; it is 
sent automatically by the 12C 
hardware. Writing XSTR = 1 
includes the effect of writing 12DAT 
with XDAT = 1; it sets Transmit 
Active and releases SDA to high 
during the SCL low time. After SCL 
goes high, the 12Chardware waits 
for the suitable mir,imum time and 
then drives SDA low to make the 
start condition. 


XSTP 
Writing 1s to "Xmit SToP" and CDR 
tells the 12Chardware to send a 
stop condition. This should only be 
done at a master. If there are no 
more messages to initiate, the 
service routine should clear the 
MASTRO bit in 12CFGto 0 before 
writing XSTP with 1. Writing XSTP 
= 1 includes the effect of writing 
12DATwith XDAT = 0; it sets 
Transmit Active and drives SDA low 
during the SCL low time. After SCL 
goes high, the 12Chardware waits 
for the suitable minimum time and 
then releases SDA to high to make 
the stop condition. 


NOTE: Because of the manner in which 
register bit addressing is implemented in the 
80C51 family, the 12CONregister should never 
be altered by use of the SETB, CLR, CPL, 
MOV (bit), or JBC instructions. This is due to 
the fact that read and write functions of this 
register are different. Testing of 12CONbits via 
the JB and JNB instructions is supported. 


12CRegister 12DAT 


76543210 


Read 


Write 


RDAT 
"Receive DATa" is captured from 
SDA every rising edge of SCL. 
Reading 12DATalso clears DRDY 
and the Transmit Active state. 


XDAT 
"Xmit Data" sets the data for the 
next bit. Writing 12DATalso clears 
DRDY and sets the Transmit Active 
state. 


Regarding Software Response Time 


Because the 83C751 can run at 16MHz, and 
because the 12Cinterface is optimized for 
high-speed operation, it is quite likely that an 
12Cservice routine will sometimes respond to 
DRDY (which is set at a rising edge of SCLl 
and write 12DATbefore SCL has gone low 
again. If XDAT were applied directly to SDA, 
this situation would produce an 12Cprotocol 
violation. The programmer need not worry 


about this possibility because XDAT is 
applied to SDA only when SCL is low. 


Conversely, a program that includes an 12C 


service 
routine 
may take a long time to 


respond to DRDY. Typically, an t2C routine 
operates on a flag-polling basis during a 
message, with interrupts from other 
peripheral functions enabled. If an interrupt 
occurs, it will delay the response of the 12C 
service routine. The programmer need not 
worry about this very much either, because 
the 12Chardware stretches the SCL low time 
until the service routine responds. The only 
constraint on the response is that it must not 
exceed the Timer I time-out, which is at least 
765 microseconds. 


SLAVEN Writing a 1 to "SLAVe ENable" 
enables the slave functions of the 
12Csubsystem. If SLAVEN and 
MASTRO are 0, the 12Chardware 
is disabled. This bit is cleared to 0 
by reset and by an 12Ctime-out. 


MASTROWriting a 1 to "MASTRO" requests 
mastership of the i2C. If a frame 
from another master is in progress 
when this bit is changed from 0 to 
1, action is delayed until a stop 
condition is detected. Then, or 
immediately if a frame is not in 
progress, a start condition is sent 
and DRDY is set (thus making ATN 
1 and generating an 12Cinterrupt). 
When a master wishes to release 
mastership status of the 12C,it 
writes a 1 to XSTP in 12CON. 
MASTRO is cleared by reset and 
by an 12Ctime-out. 


CLRTI 
Writing a 1 to this bit clears the 
Timer I interrupt flag. This bit 
position always reads as a O. 


TIRUN 
Writing a 1 to this bit lets Timer I 
run; a zero stops and clears it. 
Together with SLAVEN, MASTRO, 
and MASTER, this bit determines 
operational modes as shown in 
Table 4. 


CT1,0 
These two bits are programmed as 
a function of the OSC rate, to 
optimize the MIN HI and LO time of 
SCL when this 83C751 is a master 
on the 12C.The time value 
determined by these bits controls 
both of these parameters, and also 
the timing for stop and start 
conditions. These bits are cleared 
to 00 by reset. 


SLAVEN, 
MASTRO, 
TIRUN 
OPERATING MODE 
MASTER 


All 0 
0 
The 12Cinterface is disabled. Timer I is cleared and does not run. This is the state assumed 
after a reset. If an 12Capplication wants to ignore the 12Cat certain times, it should write 
SLAVEN, MASTRO, and TIRUN all to zero. 


All 0 
1 
The 12Cinterface is disabled. Timer I operates as a free-running time base. Use this mode only 
in non-12Capplications. 


Any or all 1 
0 
The 12Cinterface is enabled. The 3 low-order bits of Timer I run for min-time generation, but the 
hi-order bits do not, so that there is no checking for 12Cbeing "hung." This configuration can be 
used for very slow 12Coperation. 


Any or all 1 
1 
The 12Cinterface is enabled. Timer I runs during frames on the 12C,and is cleared by transitions 
on SCL, and by Start and Stop conditions. This is the normal state for 12Coperation. 


Values to be used in the CT1 and CTO bits 
are shown in Table 5. To allow the 12Cbus to 
run at the maximum rate for a particular 
oscillator frequency, compare the actual 
oscillator rate to the fose max column in the 
table. The value for CT1 and CTO is found in 
the first line of the table where fose max is 
greater than or equal to the actual frequency. 


The table also shows the oscl12 count for 
various settings of CT1/CTO. This allows 
calculation of the actual minimum high and 
low times for SCL as follows: 


SCL min high/low time = 12.-:..l;Ql.!!1 


(in microseconds) 
osc (in MHz) 


For instance, at a 16MHz frequency, with 
CT1/CTO set to 10, the minimum SCL high 
and Jowtimes will be 5.25J.ls 


The table also shows the Timer I timeout pe- 
riod (given in machine cycles) for each 
CT1/CTO combination. The timeout period 
varies because of the way in which minimum 
SCL high and low times are measured. When 
the 12Cinterface is operating, Timer I is pre- 
loaded at every SCL transition with a value 
dependent upon CT1/CTO. The preload value 
is chosen such that a minimum SCL high or 
low time has eiapsed when Timer I reaches a 
count of 008 (the actual value preloaded into 
Timer I is 8 minus the osc/12 count). 


Read only 
7 
6 
4 


I-IIDLEIXDAT~XACTVIMAKSTRIMAKSTPI 
XSTRIXSTPI 


MSB 
LSB 


This register is read only and reflects the 
internal status of the 12Chardware. IDLE, 
XSTR, and XSTP reflect the status of the like 
named bits in the 12CONregister. 


XDATA 
The content of the transmitter 
buffer. 


XACTV 
Transmitter active. 


MAKSTR This bit is high while the hardware 
is effecting a start condition. 


MAKSTP This bit is high while the hardware 
is effecting a stop condition. 


XSTR 
This bit is active while the hardware 
is effecting a repeated start 
condition. 


XSTP 
This bit is active while the hardware 
is effecting a repeated stop 
condition. 


Interrupts 
The interrupt structure is a five-source, 
one-level interrupt system. Interrupt sources 


common to the 80C51 are the external 
interrupts lIfITO, mTI) and the timer/counter 
interrupt (ETO). The 12Cinterrupt (EI2) and 
Timer I interrupt (ETr) are the other two 
interrupt sources. The interrupt sources are 
listed below in their order of polling sequence 
priority. 


Upon interrupt or reset the program counter 
is loaded with specific values for the 
appropriate interrupt service routine in 
program memory. These values are: 


Program 
Memory 


Address 
000 
003 
OOB 
013 
01B 
023 


Event 
Reset 
INTO 
Countermmer 
0 
INT1 
Timer I 


12C 


Priority 
Highest 


The interrupt enable register (IE) is used to 
individually enable or disable the five 
sources. Bit EA in the interrupt enable 
register can be used to globally enable or 
disable all interrupt sources. The interrupt 
enable register is described below. All other 
interrupt details are based on the 80C51 
interrupt architecture. 


CT1, CTO 
OSC/12 COUNT 
lose MAX 
TIMEOUT PERIOD 


10 
7 
16.8MHz 
1023 cycles 


01 
6 
14.4MHz 
1022 cycles 


00 
5 
12.0MHz 
1021 cycles 


11 
4 
9.6MHz 
1020 cycles 


Symbol 
Position 


Eli: 
IE.7 


IE.6 


IE.5 


EI2 
lEA 


Function 


Disables all interrupts. 
If EA = 0, no interrupt 
will be acknowledged. 
If EA= 1, each 
interrupt source is 
individually enabled or 
disabled by setting or 
clearing its enable bit 


Reserved 


Reserved 


Enables or disabies 
the 12C interrupt. If 
EI2 = 0, the 
12C 
interrupt is disabled 


Enables or disables 
the Timer I overllow 
interrupt. If ETI = 0, the 
Timer I interrupt is 
disabled. 


Enables or disables 
external interrupt 1. If 
EX1 = 0, external 
interrupt 1 is disabled. 


Enables or disables 
the Timer ° overllow 
interrupt. If ETO= 0, 
theTimer ° interrupt is 
disabled. 


Enables or disables 
external interrupt 0. If 
EXO= 0, external 
interrupt ° is disabled. 


87C751 PROGRAMMING 
CONSIDERATIONS 


EPROM Characteristics 
The 87C751 is programmed by using a 
modified Quick-Pulse Programming algorithm 
similar to that used for devices such as the 
87C451 and 87C51. It differs from these 
devices in that a serial data stream is used to 
place the 87C751 in the programming mode. 


Figure 5 shows a biock diagram of the 
programming configuration for the 87C751. 
Port pin PO.2 is used as the programming 
voltage supply input (Vpp signal). Port pin 
PO.l is used as the program (PGM/) signal. 
This pin is used for the 25 programming 
pulses. 


Port 3 is used as the address input for the 
byte to be programmed and accepts both the 
high and low components of the eleven bit 
address. Multiplexing of these address 
components is performed using the ASEL 
input. The user should drive the ASEL input 
high and then drive port 3 with the high order 
bits of the address. ASEL should remain high 
for at least 13 clock cycles. ASEL may then 
be driven low which latches the high order 
bits of the address internaliy. the high 
address should remain on port 3 for at least 
two clock cycles after ASEL is driven low. 
Port 3 may then be driven with the low byte of 
the address. The low address wili be 
intemaliy stable 13 clock cycles later. The 
address wili remain stable provided that the 
low byte placed on port 3 is held stable and 
ASEL is kept low. Note: ASEL needs to be 
pulsed high only to change the high byte of 
the address. 


Port 1 is used as a bidirectional data bus 
during programming and verify operations. 
During programming mode, it accepts the 
byte to be programmed. During verify mode, 
it provides the contents of the EPROM 
location specified by the address which has 
been supplied to Port 3. 


The XTAL1 pin is the oscillator input and 
receives the master system clock. This clock 
should be between 1.2 and 6MHz. 


The RESET pin is used to accept the serial 
data stream that places the 87C751 into 
various programming modes. This pattern 
consists of a 1O-bit code with the LSB sent 
first. Each bit is synchronized to the clock 
input, Xl. 


Programming 
Operation 
Figures 6 and 7 show the timing diagrams for 
the program/verify cycle. RESET should 


initialiy be held high for at least two machine 
cycles. PO.l (PGMI) and PO.2 (Vpp) will be at 
VOH as a result of the RESET operation. At 
this point, these pins function as normal 
quasi-bidirectional 
1/0 ports and the 
programming equipment may puli these lines 
low. However, prior to sending the 1O-bit code 
on the RESET pin, the programming 
equipment should drive these pins high (VIH). 
The RESET pin may now be used as the 
serial data input for the data stream which 
places the 87C751 in the programming 
mode. Data bits are sampled during the clock 
high time and thus should only change during 
the time that the clock is low. Foliowing 
transmission of the last data bit, the RESET 
pin should be held low. 


Next the address information for the location 
to be programmed is placed on port 3 and 
ASEL is used to perform the address 
multiplexing, as previously described. At this 
time, port 1 functions as an output. 


A high voltage Vpp level is then applied to the 
Vpp input (PO.2). (This sets Port 1 as an input 
port). The data to be programmed into the 
EPROM array is then placed on Port 1. This 
is foliowed by a series of programming 
pulses applied to the PGMI pin (PO.l). These 
pulses are created by driving PO.l low and 
then high. This pulse is repeated until a total 
of 25 programming pulses have occurred. At 
the conclusion of the last pulse, the PGMI 
signal should remain high. 


The Vpp signal may now be driven to the 
VOH level, placing the 87C751 in the verify 
mode. (Port 1 is now used as an output port). 
After four machine cycles (48 clock periods), 
the contents of the addressed location in the 
EPROM array wili appear on Port 1. 


The next programming cycle may now be 
initiated by placing the address information at 
the inputs of the multiplexed buffers, driving 
the Vpp pin to the Vpp voltage level, 
providing the byte to be programmed to Portl 
and issuing the 26 programming pulses on 
the PGMI pin, bringing Vpp back down to the 
Vc level and verifying the byte. 


Programming 
Modes 
The 87C751 has four programming features 
incorporated within its EPROM array. These 
include the USER EPROM for storage of the 
application's code, a 16-byte encryption key 
array and two security bits. Programming and 
verification of these four elements are 
selected by a combination of the serial data 
stream applied to the RESET pin and the 
voltage levels applied to port pins PO.1and 


Encryption 
Key Table 
The 87C751 includes a 16-byte EPROM 
array that is programmable by the end user. 
The contents of this array can then be used 
to encrypt the program memory contents 
during a program memory verify operation. 
When a program memory verify operation is 
performed, the contents of the program 
memory location is XNOR'ed with one of the 
bytes in the 16-byte encryption table. The 
resulting data pattern is then provided to port 
1 as the verify data. The encryption 
mechanism can be disable, in essence, by 
leaving the bytes in the encryption table in 
their erased state (FFH) since the XNOR 
product of a bit with a logical one wili result in 
the original bit. The encryption bytes are 
mapped with the code memory in 16-byte 
groups. the first byte in code memory will be 
encrypted with the first byte in the encryption 
table; the second byte in code memory will be 
encrypted with the second byte in the 
encryption table and so forth up to and 
including the 16the byte. The encryption 
repeats in 16-byte groups; the 17th byte in 
the code memory will be encrypted with the 
first byte in the encryption table, and so forth. 


Security 
Bits 
Two security bits, security bit 1 and security 
bit 2, are provided to limit access to the 
USER EPROM and encryption key arrays. 
Security bit 1 is the program inhibit bit, and 
once programmed performs the following 
functions: 
1. Additional programming of the USER 
EPROM is inhibited. 


2. Additional programming of the encryption 


key is inhibited. 


3. Verification of the encryption key is 


inhibited. 


4. Verification of the USER EPROM and the 


security bit levels may still be performed. 


(If the encryption key array is being used, this 
security bit should be programmed by the 
user to prevent unauthorized parties from 
reprogramming the encryption key to all 
logical zero bits. Such programming would 
provide data during a verify cycle that is the 
logical complement of the USER EPROM 
contents). 


Security bit 2, the verify inhibit bit, prevents 
verification of both the USER EPROM array 
and the encryption key arrays. The security 
bit levels may stili be verified. 


Programming 
and Verifying 


Security 
Bits 
Security bits are programmed employing the 
same techniques used to program the USER 
EPROM and KEY arrays using serial data 
streams and logic levels on port pins 
indicated in Table 6. When programming 
either security bit, it is not necessary to 
provide address or data information to the 
B7C751 on ports 1 and 3. 


Verification occurs in a similar manner using 
the RESET serial stream shown in Table 6. 
Port 3 is not required to be driven and the 
results of the verify operation will appear on 
ports 1.6 and 1.7. 


Ports 1.7 contains the security bit 1 data and 
is a logical one if programmed and a iogical 
zero if erased. Likewise, P1.6 contains the 
security bit 2 data and is a logical one if 
programmed and a logical zero if erased. 


Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 


OPERATION 
SERIAL CODE 
PO.1 (PGMI) 
PO.2 (Vpp) 


Program user EPROM 
296H 
-· 
Vpp 


Verify user EPROM 
296H 
VIH 
VIH 


Program key EPROM 
292H 
-· 
Vpp 
Verify key EPROM 
292H 
VIH 
V1H 
Program security bit 1 
29AH 
-· 
Vpp 
Program security bit 2 
29BH 
-· 
Vpp 
Verify security bits 
29AH 
VIH 
V1H 


EPROM PROGRAMMING 
AND VERIFICATION 


Tamb= 21°C to +27°C, Vcc = 5V ±10%, Vss = ov 


erasure. 
For this and secondary 
effects, 
it 


is recommended 
that an opaque label be 


placed over the window. 
For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Flourless 
part number 2345-5 or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-slcm2. Exposing the EPROM to an 
ultraviolet lamp of 12,000IiW/cm2 rating for 
20 to 39 minutes, at a distance of about 
1 inch, should be sufficient. 


Erasure leaves the array in an all 1s state. 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


1/tCLCL 
Oscillator/clock frequency 
1.2 
6 
MHz 


tAVGL1 
Address setup to PO.1 (PROG-) low 
1OilS + 24teLCL 


~HAX 
Address hold after PO.1(PROG-) high 
4BteLCL 


tDVGL 
Data setup to PO.1 (PROG-) low 
3BteLCL 


~HDX 
Data hold after PO.1 (PROG-) high 
36teLCL 


tSHGL 
Vpp setup to PO.1 (PROG-) low 
10 
lis 


~HSL 
Vpp hold after PO.1 (PROG-) 
10 
lis 


~LGH 
PO.1 (PROG-) width 
90 
110 
lis 


tAvav2 
Vpp low (Vcc) to data valid 
4BtCLCL 


tGHGL 
PO.1 (PROG-) high to PO.1 (PROG-) low 
10 
lis 


tMASEL 
ASEL high time 
13tCLCL 


tHAHLD 
Address hold time 
2tCLCL 


tHASET 
Address setup to ASEL 
13tCLCL 


tADSTA 
Low address to valid data 
4BteLCL 


NOTES: 
1. Address should be valid at least 24teLCL before the rising edge of PO.2 (Vpp). 
2. 
For a pure verify mode, i.e., no program mode in between, tAvav is 14tCLCLmaximum. 


PROGRAMMING 
PULSES 


VppNIH 
VOLTAGE 
SOURCE 


CLKSOURCE 


XTALl 
11 
--.J 
Ln 


MIN 2 MACHINE 
I. 
CYCLES 
_I. 
r-II 


RESET 
--.J 


\sv 


~ 
'GHSL 
/ 
~ I- 'SHGL 


I 
I 
LJUL~~---- 


1------..1tMASEL 


~J--\ 
F'''~ 


IHASE+--+--1I~AHLO 


PORT3 ==x: 
HIGHADDRESS 
X:====L=O=W=AD=O=R=E=S=S 
=============================================== 


-I I- IGHGL 


l~sMIN 


H 'OVGL 
IGHoxl-+- 
'Avav --1 


DATA TO BE PROGRAMMED 
INVALID DATA 
VALID DATA 


VERIFY 
MODE 
--------. 
j.-- 
PROGRAM 
MODE -1.. 
VERIFY 
MODE 
-I 


Purchase 
of Philips' 
12Ccomponents 
conveys 
a license 
under the 


Philips' 
12Cpatent to use the components 
in the 12C-system 
provided 
the system 
conforms 
to the 12Cspecifications 
defined 
by Philips. 


CMOS single-chip 
8-bit microcontroller 
with AID, PWM 


DESCRIPTION 


The 
Philips 
83C752J87C752 
offers 
many 
of 


the advantages 
of the 80C51 
architecture 
in a 


small 
package 
and 
at low cost. 


The 
8XC752 
Microcontroller 
is fabricated 
with 


Philips 
high-density 
CMOS 
technology. 


Philips 
epitaxial 
substrate 
minimizes 
CMOS 


latch-up 
sensitivity. 


The 
8XC752 
contains 
a 2k x 8 ROM 


(83C752) 
EPROM 
(87C752), 
a 64 x 8 RAM, 


21 I/O lines, 
a 16-bit 
auto-reload 


counter/timer, 
a fixed-priority 
level 
interrupt 


structure, 
a bidirectional 
inter-integrated 


circuit 
(12C) serial 
bus interface, 
an on-chip 


oscillator, 
a five channel 
multiplexed 
8-bit 
AID 


converter, 
and an 8-bit 
PWM 
output. 


The onboard 
inter-integrated 
circuit 
(12C) bus 


interface 
allows 
the 8XC752 
to operate 
as a 


master 
or slave 
device 
on the 
12C small 
area 


network. 
This 
capability 
facilitates 
I/O and 


RAM 
expansion, 
access 
to EEPROM, 


processor-to-processor 
communication, 
and 


efficient 
interface 
to a wide 
variety 
of 


dedicated 
12C peripherals. 


The 
EPROM 
version 
of this device, 
the 


87C752, 
is also 
available 
in both 
quartz-lid 


erasable 
and 
plastic 
one-time 
programmable 


(OTP) 
packages. 
Once 
the array 
has been 


programmed, 
it is functionally 
equivalent 
to 


the masked 
ROM 
83C752. 
Thus, 
unless 


explicitly 
stated 
otherwise, 
all references 


made 
to the 83C752 
apply 
equally 
to the 


87C752. 


The 
83C752 
supports 
two 
power 
reduction 


modes 
of operation 
referred 
to as the idle 


mode 
and the power-down 
mode. 


• 
Available 
in erasable 
quartz 
lid or 


One-Time 
Programmable 
plastic 
packages 


• 
80C51 
based 
architecture 


• 
Inter-integrated 
Circuit 
(12C) seriai 
bus 


interface 


• 
Small 
package 
sizes 


- 
28-pin 
DIP 


- 
28-pin 
PLCC 


• 
Wide 
oscillator 
frequency 
range 


• 
Low 
power 
consumption: 


- 
Normal 
operation: 
less than 
11mA 
@ 5V, 


12MHz 


- 
Idle mode 


- 
Power-down 
mode 


• 
2k x 8 ROM 
(83C752) 


EPROM 
(87C752) 


• 64x8 
RAM 


• 
16-bit 
auto 
reloadable 
counter/timer 


• 
5-channel 
8-bit 
AID converter 


• 
8-bit 
PWM 
output/timer 


• 
Fixed-rate 
timer 


• 
Boolean 
processor 


• 
CMOS 
and TTL 
compatible 


• 
Well 
suited 
for logic 
replacement, 


consumer 
and 
industrial 
applications 


vcc 


P3.5/A5 


AVec 


AVss 


P 1.41AOC4104 


P1.31ADC3I03 


Pl.2/ADC2I02 


26 


25 


11 
19 


12 
18 


Pin 
Function 
Pin 
Function 


1 
P3.4fA4 
15 
P1.21ADC2ID2 


2 
P3.31A3 
16 
Pl.31ADC3ID3 


3 
P3.21A2JA10 
17 
Pl.4/AOC4ID4 
• 
P3.1/A1/A9 
18 
AVss 


5 
P3.OIAOIAB 
19 
AVec 


6 
PO.2Npp 
2Q 
P1.~0ID5 


7 
PO.lIS0AlOE-PGM 
21 
Pl.6ITJiITl1D6 


8 
PO.OISCUASEL 
22 
P1.7IT0ID7 


9 
RST 
23 
PO.3 


10 
X2 
2' 
PO.4/PWM 
OUT 


11 
Xl 
25 
P3.7/A7 


12 
vss 
26 
P3.61A6 


13 
Pl.0/ADCOIDO 
27 
P3.5JA5 


1. 
P1.1/ADC1101 
28 
Vcc 


ROM 
EPROM 
TEMPERATURE RANGE °C 
FREQUENCY 
DRAWING 


AND PACKAGE 
NUMBER 


S87C752-1F28 
UV 
o to +70, 28-pin Ceramic Dual In-line Package 
3.5 to 12MHz 
05898 


S87C752-2F28 
UV 
-40 to +85, 28-pin Ceramic Dual In-line Package 
3.5 to 12MHz 
05898 


S87C752-4F28 
UV 
o to +70, 28-pin Ceramic Dual In-line Package 
3.5 to 16MHz 
05898 


S87C752-5F28 
UV 
-40 to +85, 28-pin Ceramic Dual In-line Package 
3.5 to 16MHz 
05898 


S83C752-1N28 
S87C752-1 N28 
alP 
o to +70, 28-pin Plastic Dual In-line Package 
3.5 to 12MHz 
04138 


S83C752-2N28 
S87C752-2N28 
alP 
-40 to +85, 28-pin Plastic Dual In-line Package 
3.5 to 12MHz 
04138 


S83C752-4N28 
S87C752-4N28 
alP 
o to +70, 28-pin Plastic Dual In-line Package 
3.5 to 16MHz 
04138 


S83C752-5N28 
S87C752-5N28 
alP 
-40 to +85, 28-pin Plastic Dual In-line Package 
3.5 to 16MHz 
04138 


S83C752-1A28 
S87C752-1A28 
alP 
o to +70, 28-pin Plastic Leaded Chip Carrier 
3.5 to 12MHz 
0401F 


S83C752-2A28 
S87C752-2A28 
alP 
-40 to +85, 28-pin Plastic Leaded Chip Carrier 
3.5 to 12MHz 
0401F 


S83C752-4A28 
S87C752-4A28 
alP 
o to +70, 28-pin Plastic Leaded Chip Carrier 
3.5 to 16MHz 
0401F 


S83C752-5A28 
S87C752-5A28 
alP 
-40 to +85, 28-pin Plastic Leaded Chip Carrier 
3.5 to 16MHz 
0401F 


S83C752-6A28 
S87C752-6A28 
alP 
-55 to +125, 28-pin Plastic Leaded Chip Carrier 
3.5 to 12MHz 
0401F 


S83C752-6F28 
S87C752-6F28 
UV 
-55 to +125, 28-pln Ceramic Dual In-line Package 
3.5 to 12MHz 
05898 


S83C752-6N28 
S87C752-6N28 
alP 
-55 to +125, 28-pin Plastic Dual In-line Package 
3.5 to 12MHz 
04138 


,------------- 
I 
I 


~D 
-=-1 


I 
I 
I 


------------------l 


I 


12CFG 
12$TA 
leON 


12CON 
IE 


THO 
TLO 


RTH 
ATL 


INTERRUPT, 
SERIAL 
PORT AND TIMER 
BLOCKS 


TIMING 


AND 


CONTROL 


MNEMONIC 
PIN NO. 
TYPE 
NAME AND FUNCTION 


VSS 
12 
I 
Circuit Ground Potential. 


Vcc 
28 
I 
Supply voltage during normal, idle, and power-down 
operation. 


PO.o-PO.4 
8-6 
1/0 
Port 0: Port 0 is a 5-bit bidirectional port. Port 0.o-PO.2 are open drain. Port 0.o-PO.2 pins that have 
23,24 
1s written to them float, and in that state can be used as high-impedance inputs. PO.3-PO.4 are 
bidirectionalI/O 
port pins with internal pull-ups. Port 0 also serves as the serial12C interface. When this 


feature is activated by software, SCL and SDA are driven low in accordance with the 12Cprotocol. 
These pins are driven low if the port register bit is written with a 0 or if the 12Csubsystem presents a O. 
The state of the pin can always be read from the port register by the program. Port 0.3 and 0.4 have 
internal pUll-Upsthat function identically to port 3. Pins that have 1s written to them are pulled high by 
the internal pull-ups and can be used as inputs. 


To comply with the 12Cspecification, PO.Oand PO.1 are open drain bidirectional 1/0 pins with the 
electrical characteristics listed in the tables that follow. While these differ from "standard TTL" 
characteristics, they are close enough for the pins to still be used as general-purpose I/O in non-12C 
applications. 


6 
I 
Vpp (PO.2) - Programming voitage input. 


7 
I 
OElPGM (PO.1) - Input which specifies verify mode (output enable) or the program mode. 
OElPGM = 1 output enabled (verify mode). 
OElPGM = 0 program mode. 


8 
I 
ASEL (PO.O)- Input which indicates which bits of the EPROM address are applied to port 3. 
ASEL = 0 low address byte available on port 3. 
ASEL = 1 high address byte available on port 3 (only the three least significant bits are used). 


P1.o-P1.7 
13-17, 
1/0 
Port 1: Port 1 is an 8-bit bidirec~onal 1/0 port with internal pull-ups. Port 1 pins that have 1s written to 
20-22 
them are pulled high by the internal pull-ups and can be used as inputs. PO.3-PO.4 pins are 
bidirectional 1/0 port pins with internal pull-ups. As inputs, port 1 pins that are externally pulled low will 
source current because of the internal pull-ups. {See DC Electrical Characteristics: IILl. Port 1 also 
serves the special function features of the SC80C51 family as listed below: 
20 
I 
\NT(j (P1.5): External interrupt. 


21 
I 
TRT1 (P1.6): External interrupt. 


22 
I 
TO(P1.7): Timer 0 external input. 


13-17 
I 
ADCO (P1.0)-ADC4 
(P1.4): Port 1 also functions as the inputs to the five channel multiplexed ND 
converter. These pins can be used as outputs only if the ND function has been disabled. These pins 
can be used as inputs while the ND converter is enabled. 


Port 1 serves to output the addressed EPROM contents in the verify mode and accepts as inputs the 
value to program into the selected address during the program mode. 


P3.o-P3.7 
5-1, 
1/0 
Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3 pins that have 1s written to 
27-25 
them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 3 pins that are 
externally being pulled low will source current because of the pull-ups. (See DC Electrical 
Characteristics: IILl. Port 3 also functions as the address input for the EPROM memory location to be 
programmed (or verified). The 11-bit address is multiplexed into this port as specified by PO.O/ASEL. 


RST 
9 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running resets the device. An 
internal diffused resistor to VSS permits a power-on RESET using only an external capacitor to VCC' 
After the device is reset, a 1O-bit serial sequence, sent LSB first, applied to RESET, places the device 
in the programming state allowing programming address, data and Vpp to be applied for programming 
or verification purposes. The RESET serial sequence must be synchronized with the Xl input. 


X1 
11 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator circuits. X1 
also serves as the clock to strobe in a serial bit stream into RESET to place the device in the 
programming state. 


X2 
10 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


AVec 1 
19 
I 
Analog supply voltage and reference 
input. 
. 


AVss 1 
18 
I 
Analog supply and reference ground. 


NOTE: 
1. AVss (reference ground) must be connected to OV (ground). AVec (reference input) cannot differ from Vcc by more than ±O.2V, and must be 
in the range 4.5V to 5.5V. 


OSCILLATOR 
CHARACTERISTICS 
X1 and X2 are the input and output, 
respectively, of an inverting amplifier which 
can be configured for use as an on-chip 
oscillator. 


To drive the device from an external clock 
source, X1 should be driven while X2 is left 
unconnected. There are no requirements on 
the duty cycle of the external clock signal, 
because the input to the internal clock 
circuitry is through a divide-by-two flip-flop. 
However, minimum and maximum high and 
low times specified in the data sheet must be 
observed. 


IDLE MODE 
The 8XC752 includes the 80C51 power-down 
and idle mode features. In idle mode, the 
CPU puts itself to sleep while all of the 
on-chip peripherals except the AID and PWM 
stay active. The functions that continue to run 
while in the idle mode are TImer 0, the 12C 
interface including TImer I, and the interrupts. 
The instruction to invoke the idle mode is the 
last instruction executed in the normal 
operating mode before the idle mode is 
activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. Upon powering-up the 
circuit, or exiting from idle mode, sufficient 
time must be allowed for stabilization of the 
internal analog reference voltages before an 
AID conversion is started. 


Special 
Function 
Registers 
The special function registers (directly 
addressable only) contain all of the 8XC751 
registers except the program counter and the 
four register banks. Most of the 21 special 
function registers are used to control the 
on-chip peripheral hardware. Other registers 
include arithmetic registers (ACC, B, PSW), 
stack pointer (SP) and data pointer registers 
(DPH, DPL). Nine of the SFRs are bit 
addressable. 


Data Pointer 
The data pointer (DPTR) consists of a high 
byte (DPH) and a low byte (DPL). In the 
80C51 this register allows the access of 
external data memory using the MOVX 
instruction. Since the 83C752 does not 
support MOVX or external memory accesses, 
this register is generally used as a 16-bit 
offset pointer of the accumulator in a MOVC 
instruction. DPTR may also be manipulated 
as two independent 8-bit registers. 


POWER-DOWN 
MODE 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. The 
control bits for the reduced power modes are 
in the special function register PCON. 


Table 1. External 
Pin Status 
During 
Idle and Power-Down 
Modes 


MODE 
Port O· 
Port 1 
Port 2 


Idle 
Data 
Data 
Data 


Power-down 
Data 
Data 
Data 


DIFFERENCES 
BETWEEN 
THE 
8XC752 AND THE 80C51 


Program 
Memory 


On the 8XC752, program memory is 2048 
bytes long and is not externally expandable, 
so the 80C51 instructions MOVX, LJMP, and 
LCALL are not implemented. If these 
instructions are executed, the appropriate 
number of instruction cycles will take place 
along with external fetches; however, no 
operation will take place. The LJMP may not 
respond to all program address bits. The only 
fixed locations in program memory are the 
addresses at which execution is taken up in 
response to reset and interrupts, which are 
as follows: 


Event 
Reset 
ExternallJ\lTO 
Counter/timer 0 
External TI"ITT 
Timer I 


12C serial 
ADC 
PWM 


Program Memory 
Address 


000 
003 
OOB 
013 
01B 
023 
02B 
033 


Memory 
Organization 
The 8XC752 manipulates operands in three 
memory address spaces. The first is the 
program memory space which contains 
program instructions as well as constants 
such as look-up tables. The program memory 
space contains 2k bytes in the 8XC752. 


The second memory space is the data 
memory array which has a logical address 
space of 128 bytes. However, only the first 64 
(0 to 3FH) are implemented in the 8XC752. 


The third memory space is the special 
function register array having a 128-byte 
address space (80H to FFH). Only selected 
locations in this memory space are used (see 


Table 1). Note that the architecture of these 
memory spaces (internal program memory, 
internal data memory, and special function 
registers) is identical to the 80C51, and the 
8XC752 varies only in the amount of memory 
physically implemented. 


The 8XC752 does not directly address any 
external data or program memory spaces. 
For this reason, the MOVX instructions in the 
80C51 instruction set are not implemented in 
the 83C752, nor are the alternate 1/0 pin 
functions 110 and Wli. 


I/O Ports 
The 110 pins provided by the 83C752 consist 
of port 0, port 1, and port 3. 


PortO 
Port 0 is a 5-bit bidirectional 1/0 port and 
includes alternate functions on some pins of 
this port. Pins PO.3and PO.4are provided 
with internal pullups while the remaining pins 
(PO.O,PO.1, and PO.2)have open drain 
output structures. The alternate functions for 
port 0 are: 


PO.O 
SCL 
- 
the 12C bus clock 


PO.1 
SDA - 
the 12C bus data 


PO.4 
PWM - 
the PWM output 


If the alternate functions, 
12C and PWM, are 


not being used, then these pins may be used 
as 110 ports. 


Port 1 
Port 1 is an 8-bit bidirectional I/O port whose 
structure is identical to the 80C51 , but also 
includes alternate input functions on all pins. 
The alternate pin functions for port 1 are: 


P1.0-P1.4 - ADCO-ADC4 - AID converter 
analog inputs 
P1.511'1Tli- external interrupt 0 input 
P1.6 TI"ITT 
- external interrupt 1 input 


P1.7 - TO - timer 0 external input 


If the alternate functions 1I'ITli, TI"ITT, 
or TO 


are not being used, these pins may be used 
as standard 110 ports, provided that the AID 
is disabled. It is necessary to connect AVec 
and AVss to Vcc and Vss, respectively, in 
order to use these pins as standard 110 pins. 
When the AID converter is enabled, the 
analog channel connected to the AID may not 
be used as a digital input; however, the 
remaining analog inputs may be used as 
digital inputs. They may not be used as digital 
outputs. While the AID is enabled, the analog 
inputs are floating. 


Port 3 
Port 3 is an 8-bit bidirectional 110 port whose 
structure is identical to the 80C51. Note that 
the alternate functions associated with port 3 
of the 80C51 have been moved to port 1 of 
the 83C752 (as applicable). See Figure 1 for 
port bit configurations. 


Alternate 
Output 
Function 


Counterrrimer 
Subsystem 
The 8XC752 has one counter/timer called 
timer/counter O. Its operation is similar to 
mode 2 operation on the 80C51 , but is 
extended to 16 bits with 16 bits of autoioad. 
The controls for this counter are centralized 
in a single register called TCON. 


A watchdog timer, called Timer I, is for use 
with the 12Csubsystem. In 12Capplications, 
this timer is dedicated to time-generation and 
bus monitoring of the 12C.In non-12C 
applications, it is available for use as a fixed 
time-base. 


Interrupt 
Subsystem-Fixed 
Priority 
The IP register and the 2-level interrupt 
system of the 80C51 are eliminated. The 
interrupt structure is a seven-source, 
one-level interrupt system similar to the 
8XC751. Simultaneous interrupt conditions 
are resolved by a single-level, fixed priority 
as follows: 
Highest priority: 
Pin JNTlj 
Counter/timer flag 0 
PinmTf 
PWM 
Timer I 
Serial12C 


Lowest priority: 
ADC 


The vector addresses are as follows: 


Source 
INTO 
TFO 
INT1 
TIMER I 
SIO 
ADC 
PWM 


Vector Address 


0003H 
OOOBH 
0013H 
001BH 
0023H 
002BH 
0033H 


Interrupt 
Control 
Registers 
The 80C51 interrupt enable register is 
modified to take into account the different 
interrupt sources of the 8XC752. 


Interrupt 
Enable Register 


MSB 
~B 


I 
EA I EAO I ETI 
I 
ES I EPWMI 
EX1 I ETO I EXO I 


Position 
Symbol 
Function 
IE.7 
EA 
Global interrupt 
disable when EA = 0 


IE.6 
EAD 
AID conversion 
complete 
IE.5 
ETI 
Timer I 
lEA 
ES 
12Cserial port 
IE.3 
EPWM 
PWM counter 
overllow 


IE.2 
EX1 
External interrupt 1 
IE.1 
ETO 
Timer 0 overllow 


IE.O 
EXO 
External interrupt 0 


Serial Communications 
The 8XC752 contains an 12Cserial 
communications port instead of the 80C51 
UART. The 12Cserial port is a single bit 
hardware interlace with all of the hardware 
necessary to support multimaster and slave 
operations. Also included are receiver digital 
filters and timer (timer I) for communication 
watch-dog purposes. The 12Cserial port is 
controlled through four special function 


Alternate 
Output 
Function 


registers; 12Ccontrol, 12Cdata, 12Cstatus, 
and 12Cconfiguration. 


The 12Cbus uses two wires (SDA and SCL) 
to transfer information between devices 
connected to the bus. The main technical 
features of the bus are: 


• Bidirectional data transfer between masters 
and slaves 


• Serial addressing of slaves 


• Acknowledgment after each transferred 


byte 


• Multimaster bus 


• Arbitration between simultaneously 
transmitting master without corruption of 
serial data on bus 


• With 82B715, communication distance is 
extended to excess of 100 feet (30M) 


A large family of 12Ccompatible iCs is 
available. See the 12Csection for more 
details on the bus and available ICs. 


The 83C752 12Csubsystem includes 
hardware to simplify the software required to 
drive the 12Cbus. This circuitry is the same 
as that on the 83C751. (See the 83C751 
section for a detailed discussion of this 
subsystem). 


Pulse Width Modulation 
Output 
(PM) 
The PWM outputs pulses of programmable 
length and interval. The repetition frequency is 
defined by an B-bit prescaler which generates 
the clock for the counter. The prescaler 
register is PWMP. The prescaler and counter 
are not associated with any other timer. The 
B-bit counter counts modulo 255, that is from 0 
to 254 inclusive. The value of the B-bit counter 
is compared to the contents of a compare 
register, PWM. When the counter value 
matches the contents of this register, the 
output of the PWM is set high. When the 
counter reaches zero, the output of the PWM 
is set low. The pulse width ratio (duty cycle) is 
defined by the contents of the compare 
register and is in the range of 0 to 1 
programmed in increments of 1/255. The 
PWM output can be set to be continuously 
high by loading the compare register with 0 
and the output can be set to be continuously 
low by loading the compare register with 255. 
The PWM output is enabled by a bit in a 
special function register, PWENA. When 
enabled, the pin output is driven with a fully 
active pull-up. That is, when the output is high, 
a strong pull-up is continuously applied. when 
disabled, the pin functions as a normal 
bidirectional I/O pin, however, the counter 
remains active. 


The PWM function is disabled during RESET 
and remains disabled after reset is removed 
until re-enabled by software. The PWM 
output is high during power down and idle. 
The counter is disabled during idle. The 
repetition frequency of the PWM is given by: 


fpwM = fose / 2 (1 + PWMP) 255 


The low/high ratio of the PWM signal is PWM 
/ (255 - PWM) for PWM not equal to 255. For 
PWM = 255, the output is always low. 


The repetition frequency range is 92Hz to 
2305kHzfor an oscillator frequency of 12MHz. 


An interrupt will be asserted upon PWM 
counter overflow if the interrupt is not masked 
off. 


The PWM output is an alternative function of 
PO.4. in order to use this port as a 
bidirectional I/O port, the PWM output must 
be disabled by clearing the enable/disable bit 
in PWENA. In this case, the PWM subsystem 
can be used as an interval timer by enabling 
the PWM interrupt. 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 
RESET 


ADDRESS 
MSB 
LSB 
VALUE 


ACC" 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


ADAT# 
AID result 
84H 
OOH 


ADCOW# 
AID control 
AOH 
- 
- 
ENADC 
ADCI 
ADCS 
AADR2 
AADR1 
AADRO 
COH 


B" 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data pointer 
(2 bytes) 


DPL 
Data pointer low 
82H 
OOH 
DPH 
Data pointer high 
83H 
OOH 


DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 


12CFG"# 
12Cconfiguration 
D8H/RD 
SLAVEN 
MASTRQ I 
0 
TIRUN 
- 
- 
I 
CT1 
CTO 
OOOOxxOOB 


WR 
SLAVEN 
MASTRQ I CLRTI 
TIRUN 
- 
- 
I 
CT1 
CTO 


9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


12COW# 
12Ccontrol 
98H/RD 
RDAT 
ATN 
DRDY 
ARL 
STR 
STP 
MASTER 
- 
81H 


WR 
CXA 
IDLE 
CDR 
CARL 
CSTR 
CSTP 
XSTR 
XSTP 


12DAT"# 
12Cdata 
99H/RD 
RDAT 
0 
0 
0 
0 
0 
0 
0 
80H 


WR 
XDAT 
X 
X 
X 
X 
X 
X 
X 


FF 
FE 
FD 
FC 
FB 
FA 
F9 
F8 


12STA"# 
12Cstatus 
F8H 
- 
I IDLE I XDATA I XACTV 
MAKSTR 
MAKSTP 
XSTR I XSTP 
x0100000B 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE"# 
Interrupt enable 
A8H 
EA 
I 
EAD I 
ETI 
I 
ES 
I EPWM 
EX1 
ETO I 
EXO 
OOH 
- 
- 
- 
84 
83 
82 
81 
80 
xxx11111B 


PO"# 
PortO 
80H 
- 
- 
I 
- 
PWMO 
- 
- 
SDA 
SCL 


97 
96 
95 
94 
93 
92 
91 
90 
FFH 


P1"# 
Port 1 
90H 
TO I Ifm 
INTO I ADC4 I ADC3 
ADC2 
ADC1 I ADCO 


P3" 
Port 3 
BOH 
B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 
FFH 


PCON# 
Power control 
87H 
- 
I 
- 
- 
I 
- 
I 
- 
- 
PD 
I 
IDL 
xxxxOOOOB 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


PSW" 
Program status word 
DOH 
CY 
I 
AC 
FO 
I 
RS1 
I 
RSO I 
OV 
- 
I 
P 
OOH 
PWCM# 
PWMcompare 
8EH 
xxxxxxxxB 
PWENA# 
PWMenable 
FEH 
- 
- 
- 
- 
I 
- 
I 
- 
- 
PWE 
FEH 
PWMP# 
PWM prescaler 
8FH 
OOH 
RTL# 
Timer low reload 
8BH 
OOH 
RTH# 
Timer high reload 
8DH 
OOH 
SP 
Stack pointer 
81H 
07H 
TL# 
Timer low 
8AH 
OOH 
TH# 
Timer high 
8CH 
OOH 


8F 
8E 
8D 
8C 
8B 
8A 
89 
88 


TCOW# 
Timer control 
88H 
GATE 
CfT 
TF 
TR 
IEO 
I 
ITO 
I 
IE1 
IT1 
OOH 


Special 
Function 
Register 
Addresses 
Special function registers for the BXC752 are 
identical to those of the BOC51, except for the 
changes listed below: 


BOC51special function registers not present 
in the BXC752 are TMOD (B9), P2 (AO)and 
IP (BB). The BOC51 registers TH1, TL 1, 
SCON, and SBUF are replaced with the 
BXC752 registers RTH, RTL, 12CON,and 
12DAT,respectively. Additional special 
function registers are 12CFG (DB) and 12STA 
(FB), ADCON (AO), ADAT (B4), PWM (BE), 
PWMP (BF), and PWENA (FE). See Table 2. 


AID Converter 
The analog input circuitry consists of a 5-input 
analog multiplexer and an A to D converter 
with B-bit resoiution. The conversion takes 40 
machine cycles, i.e., 40Jls at 12MHz oscillator 
frequency. The AID converter is controlled 
using the ADCON control register. Input 
channels are selected by the analog 
multiplexer through ADCON register bits 0-2. 


The B3C752 contains a five-channel 
multiplexed B-bit AID converter. The 
conversion requires 40 machine cycles (40Jls 
at 12MHz osciiiator frequency). 


The AID converter is controiied by the AID 
control register, ADCON. Input channels are 
selected by the analog multiplexer by bits 
ADCON.O through ADCON.2. The ADCON 
register is not bit addressable. 


ADCON Register 


MSB 
LSB 


I x I x IENADCIADCIIADCS!AADR2IAADR1!AADROI 


Operation 
ADC not busy, a conversion 
can be started. 
ADC busy, start of a new 
conversion is blocked. 
Conversion completed, start 
of a new conversion is 
blocked. 
Not possible. 


INPUT CHANNEL SELECTION 


ADDR2 
ADDR1 
ADDRO 
INPUT 
PIN 


0 
0 
0 
P1.0 
0 
0 
1 
P1.1 
0 
1 
0 
P1.2 
0 
1 
1 
P1.3 
1 
0 
0 
P1.4 


ADCON.2 
AADR2 
ADCON.1 
AADR1 
ADCON.O 
AADRO 


Function 
Enable AID function 
when ENADC = 1. 
Reset forces 
ENADC=O. 
ADC interrupt flag. 
This flag is set when 
an ADC conversion is 
complete. If IE.6 = 1, 
an interrupt is 
requested when 
ADCI = 1. The ADCI 
flag is cleared when 
conversion data is 
read. This flag is read 
only. 
ADC start. Setting this 
bit starts an AID 
conversion. Once set, 
ADCS remains high 
throughout the 
conversion cycle. On 
completion of the 
conversion, it is reset 
just before the ADCI 
interrupt flag is 
cleared. ADCS cannot 
be reset by software. 
ADCS should not be 
used to monitor the 
AID converter status. 
ADCI should be used 
for this purpose. 
Analog input select. 
Analog input select. 
Analog input select. 
This binary coded 
address selects one of 
the five analog input 
port pins of P1 to be 
input to the converter. 
It can only be changed 
when ADCI and ADCS 
are both low. AADR2 is 
the most significant bit. 


The completion of the B-bit ADC conversion 
is flagged by ADCI in the ADCON register, 
and the result is stored in the special function 
register ADAT. 


An ADC conversion in progress is unaffected 
by an ADC start. The result of a completed 
conversion remains unaffected provided 
ADCI remains at a logic 1. While ADCS is a 
logic 1 or ADCI is a logic 1, a new ADC 
START wiii be blocked and consequently lost. 
An ADC conversion in progress is aborted 
when the idle or power-down mode is 
entered. The result of a completed 
conversion (ADCI = logic 1) remains 
unaffected when entering the idle mode. See 
Figure 2 for an AID input equivalent circuit. 


The analog input pins ADCO-ADC4 may be 
used as digital inputs and outputs when the 
AID converter is disabled by a 0 in the 
ENADC bit in ADCON. When the AID is 
enabled, the analog input channel that is 
selected by the ADDR2-ADDRO bits in 
ADCON cannot be used as a digital input. 
Reading the selected AID channel as a digital 
input wiii always return a 1. The unselected 
AID inputs may always be used as digital 
inputs. Unselected analog inputs will be 
floating and may not be used as digital 
outputs. 


The AID reference inputs on the BXC752 are 
tied together with the analog supply pins 
AVec and AVss. This means that the 
reference voltage on the AID cannot be 
varied separately from the analog supply 
pins. AVss must be connected to OVand 
AVec must be connected to a supply voltage 
between 4.5V and 5.5V. AID measurements 
may be made in the range of 4.5V to 5.5V. 
Increasing the voltage on the AID ground 
reference above OV or reducing the voltage 
on the positive AID reference below 4.5V is 
not permitted. 


r------, 
I· 
• 
I 
I· 
: 
I 
I 
I 
I SmN+l 
RmN+l I 


IN+l'---4__ 
-l-I 
/ 
--'\,/\h-+~+--- 


I 
I 
I SmN 
RmN 
I 
To Comparator 
-JVVI.--+--!--- 
-------- 


I 
I 
L 
J 


Multiplexer 


Rm ~ 0.5 - 3 kO 
CS + CC ~ 15pF maximum 
RS ~ Recommended < 9.60 for 1 LSB @ 12MHz 


NOTE: 
Because the analog to digital converter has a sampled-data comparator, the input looks capacitive to a source. When a conversion 
ISImllated, sWitch Sm closes for 8tcy (811S@ 12MHz crystal frequency) during which time capacitance Cs + Cc is charged. It should 
be noted that the sampling causes the analog input to present a varying load to an analog source. 


Figure 2. 
AID Input: Equivalent 
Circuit 


AID CONVERTER 
PARAMETER 


DEFINITIONS 
The following definitions are included to 
clarify some specifications given and do not 
represent a complete set of ND parameter 
definitions. 


Absolute 
Accuracy 
Error 


Absolute accuracy error of a given output is 
the difference between the theoretical analog 
input voltage to produce a given output and 
the actual analog input voltage required to 
produce the same code. Since the same 
output code is produced by a band of input 
voltages, the "required input voltage" is 
defined as the midpoint of the band of input 
voltage that will produce that code. Absolute 
accuracy error not specified with a code is 
the maximum over all codes. 


Nonlinearity 
If a straight line is drawn between the end 
points of the actual converter characteristics 
such that zero offset and full scale errors are 
removed. then non-linearity is the maximum 
deviation of the code transitions of the actual 
characteristics from that of the straight line so 
constructed. This is also referred to as 
relative accuracy and also integral 
non-linearity. 


Differential 
Non-Linearity 
Differential non-linearity is the maximum 
difference between the actual and ideal code 
widths of the converter. The code widths are 
the differences expressed in LSB between 
the code transition points, as the input 
voltage is varied through the range for the 
complete set of codes. 


Gain Error 
Gain error is the deviation between the ideal 
and actual analog input voltage required to 
cause the final code transition to a full-scale 
output code after the offset error has been 
removed. This may sometimes be referred to 
as full scale error. 


Offset 
Error 
Offset error is the difference between the 
actual input voltage that causes the first code 
transition and the ideal value to cause the 
first code transition. This ideal value is 1/2 
LSB above V,ef-. 


Channel 
to Channel 
Matching 
Channel to channel matching is the maximum 
difference between the corresponding code 
transitions of the actual characteristics taken 
from different channels under the same 


Crosstalk 
Crosstalk is the measured level of a signal at 
the output of the converter resulting from a 
signal applied to one deselected channel. 


Total Error 
Maximum deviation of any step point from a 
line connecting the ideal first transition point 
to the ideal last transition point. 


Relative 
Accuracy 


Relative accuracy error is the deviation of the 
ADC's actual code transition points from the 
ideal code transition points on a straight line 
which connects the ideal first code transition 
point and the final code transition point, after 
nullifying offset error and gain error. It is 
generally expressed in LSBs or in percent of 
FSR. 


COUNTERITIMER 
The 8XC752 counter/timer is designated 
Timer 0 and is separate from Timer I of the 
12Cserial port and from the PWM. Its 
operation is similar to mode 2 of the 80C51 
counter/timer, extended to 16 bits. When 
Timer 0 is used in the external counter mode, 
the TO input (P1.7) is sampled every S4P1. 
The counter/timer function is controlled using 
the timer control register (TCON). 


TeON Register 


MSB 
LSB 


IGATE I err I TF 
I TR I 'EO lITO 
I1E111T1 


Function 


1 - Timer 0 is enabled 
only when INTOpin is 
high and TR is 1. 


o - Timer 0 is enabled 
only when TR is 1. 


1 - Counter operation 


from TO pin. 
o - Timer operation from 


internal clock. 


1 - Set on overflow of TO. 
o - Cleared when 
processor vectors to 
interrupt routine and 
by reset. 


1 - Enable timer 0 
0- 
Disable timer 0 


TCON.3 
IEO 
1 - Edge detected on 
INTO 
TCON.2 
ITO 
1 - INTO is edge 


triggered. 


0- 
INTOis level 
sensitive. 


TCON.1 
IE1 
1 - Edge detected on 
INT1 
TCON.O 
IT1 
1 - INT1 is edge 


triggered. 


0- 
iNT1 is level 
sensitive. 


These flags are functionally identical to the 
corresponding 80C51 flags except that there 
is only one of the 80C51 style timers, and the 
flags are combined Into one register. 


Note that the positions of the IEO/ITOand 
IE1/IT1 bits are transposed from the positions 
used in the standard 80C51 TCON register. 


A communications watchdog timer, Timer I, is 
described in the 12Csection. In 12C 


applications, this timer is dedicated to time 
generation and bus monitoring for the 12C.In 
non-12Capplications, it is available for use as 
a fixed time base. 


The 16-bit timer/counter's operation is similar 
to mode 2 operation on the 80C51, but is 
ex1ended to 16 bits. The timer/counter is 
clocked by either 1/12 the oscillator 
frequency or by transitions on the TO pin. The 
CIT pin in special function register TCON 
seiects between these two modes. When the 
TCON TR bit is set, the timer/counter is 
enabled. Register pair TH and TL are 
incremented by the clock source. When the 
register pair overflOWS,the register pair is 
reloaded with the values in registers RTH and 
RTL. The value in the reload registers is left 
unchanged. The TF bit in special function 
register TCON is set on counter overflow 
and, if the interrupt is enabled, will generate 
an interrupt (see Figure 3). 


REGISTER ADDRESS 
BIT ADDRESS 


NAME 
SYMBOL 
ADDRESS 
MSB 
LSB 


12Ccontrol 
J2CON 
98 
9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


12Cdata 
J2DAT 
99 
- 
- 
- 
- 
- 
- 
- 
- 


12Cconfiguration 
12CFG 
DB 
DF 
DE 
DD 
DC 
DB 
DA 
D9 
DB 


12Cstatus 
12STA 
F8 
FF 
FE 
FD 
FC 
FB 
FA 
F9 
FB 


PARAMETER 
RATING 
UNIT 


Storage temperature range 
-65 to +150 
°C 


Voltage from VCC to VSS 
-0.5 to +6.5 
V 


Voltage from any pin to Vss (except Vpp) 
-0.5 to Vcc + 0.5 
V 


Power dissipation 
1.0 
W 


Voltage from Vpp pin to Vss 
-0.5 to + 13.0 
V 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°C to +70°C or -40°C to +85°C, AVcc = 5V ±5, AVss = OV4 
83C752: Vcc = 5V ± 20%, 87C752: VCC = 5V ± 10%, VSS = OV 


TEST 
L1MITS4 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
Typical1 I 
MAX 
UNIT 


Icc 
Supply current (see Figure 6) 
I 
Inputs 


Vil 
Input low voltage, except SDA, SCL 
(0 to 70"C) 
-0.5 
0.2Vcc-o·1 
V 
(-40 to +85"C) 
-0.5 
0.2Vcc-o.15 
V 


VIH 
Input high voltage, except Xl, RST 
(0 to 70"C) 
0.2Vcc+0.9 
Vcc+0,5 
V 
(0.2VCc+1) 
(-40 to +85C) 
Vcc+0.5 
V 
VIH1 
Input high voltage, Xl, RST 
(0 to 70°C) 
0,7Vcc 
Vcc+0.5 
V 
(-40 to +85"C) 
0.7VCCto.l 
VCC+0.5 
V 


SDA, SCL, PO.2 


VIl1 
Input low voltage 
(0 to 70°C) 
-0.5 
0.3VCC 
V 
(-40 to +85"C) 
-0.5 
0.3Vcc-o·1 
V 
VIH2 
Input high voltage 
(0 to 70"C) 
0.7VCC 
Vcc+0.5 
V 
(-40 to -85"C) 
0.7Vcc+0.1 
VCC+0.5 


Outputs 


Output low voltage, ports 1, 3, 0.3, and 0.4 
VOL 
(PWM disabled) 
IOl= 1.6mA2 
0.45 
V 
VOLl 
Output low voltage, port 0.2 
IOl = 3.2mA2 
0.45 
V 
Output high voltage, ports 1,3, 0.3, and 0.4 
VOH 
(PWM disabled) 
IOH=-60/lA, 
2.4 
V 


IOH=-25/lA 
0.75VCC 
V 
IOH= -10/lA 
0.9Vcc 
V 


IOH=-400/lA 
2.4 
V 
VOH2 
Output high voltage, PO.4 (PWM enabled) 
IOH=-40/lA 
0.9VCC 
V 
Port 0.0 and 0.1 (12C) 
Drivers 
IOl-3mA 
VOl2 
Output low voltage 
(over Vcc range) 
0.4 
V 
Driver, receiver combined: 


C 
Capacitance 
10 
pF 
III 
Logical 0 input current, 
VIN = 0.45V (0 to 70"C) 
-50 
/lA 
ports 1,3,0.3, 
and 0.4 (PWM disabled)11 
VIN= O.45V(0 to +85"C) 
-75 
/lA 
ITl 
Logical 1 to 0 transition current, 
VIN = 2V (0 to 70"C) 
-650 
/lA 
ports 1, 3, 0.3 and 0.411 
VIN = 2V (-40 to +85°C) 
-750 
J1A 
III 
Input leakage current, port 0.0, 0.1 and 0.2 
0.45 < VIN < Vcc 
±10 
J1A 


RRST 
Reset pull-down resistor 
25 
175 
kn 


CIO 
Pin capacitance 
Test freq = 1MHz, 
10 
pF 


Tamb= 25"C 
IpD 
Power-down currentS 
Vcc = 2 to 5.5V 
50 
J1A 
Vcc = 2 to 6.0V 
(83C752) 
Vpp 
Vpp program voltage (87C752 only) 
Vss = OV 
12.5 
13.0 
V 
Vcc = 5V±10% 


Tamb= 21°C to 2?OC 


Ipp 
Program current (87C752 only) 
Vpp-13.0V 
50 
mA 


DC ELECTRICAL 
CHARACTERISTICS 
(Continued) 
Tamb~ O°Cto +70°C or -40°C to +85°C, AVec ~ 5V ±5, AVSS ~ OV4 
83C752: Vee ~ 5V ± 20%, 87C752: Vee ~ 5V ± 10%, VSS ~ OV 


TEST 
LIMITS4 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
Typical' 
MAX 
UNIT 


Analog Inputs (AID guaranteed only with quartz window covered.) 


AVec 
Analog supply voltage 10 
AVec ~ Vec±O·2V 
4.5 
5.5 
V 


Alce 
Analog operating supply current 
AVee~5.12V 
39 
mA 


AV,N 
Analog input voltage 
AVss...(J·2 
AVee+0.2 
V 


C,A 
Analog input capacitance 
15 
pF 


tADS 
Sampling time 
.. 
8tCY 
s 


tADC 
Conversion time 
40tCY 
s 


R 
Resolution 
8 
bits 


ERA 
Relative accuracy 
±1 
LSB 


OS. 
Zero scale offset 
, 
±1 
LSB 


G. 
Full scale gain error 
0.4 
% 


MCTC 
Channel to channel matching 
±1 
LSB 


C, 
Crosstalk 
D-100kHz 
-{i0 
dB 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 


functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 
2. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 
Maximum IOLper port pin: 
10mA 
(NOTE: This is 85°C spec.) 
Maximum IOLper 8-bit port: 
26mA 


Maximum total IOLfor all outputs: 
67mA 


If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 
3. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 
4. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


5. 
Power-down Ice is measured with all output pins disconnected; port 0 ~ Vee; X2, X1 n.c.; RST ~ Vss. 
6. 
lec is measured with all output pins disconnected; X1 driven with tCLCH,tCHCL~ 5ns, V1L~ Vss + 0.5V, V,H ~ Vcc - 0.5V; X2 n.c.; 
RST ~ port 0 ~ Vcc. Icc will be slightly higher if a crystal oscillator is used. 


7. 
Idle ICC is measured with all output pins disconnected; X1 driven with tCLCH,tCHCL~ 5ns, V,L ~ Vss + 0.5V, V,H ~ Vcc - 0.5V; X2 n.c.; 
port 0 ~ Vcc; RST ~ Vss. 


8. 
Load capacitance for ports ~ 80pF. 
9. The resistor ladder network is not disconnected in the power down or idle modes. Thus, to conserve power, the user may remove AVec. 
10.lf the AID function is not required, or if the AID function is only needed periodically, AVcc may be removed without affecting the operation of 


the digital circuitry. Contents of ADCON and ADAT are not guaranteed to be valid. If AVcc is removed, the AID inputs must be lowered to 
less than 0.5V. Digital inputs on P1.0-P1.4 will not function normally. 
11.These parameters do not apply to P1.0-P1.4 if the AID function is enabled. 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb~ O°Cto +70°C or -40°C to +85°C, VCC ~ 5V ±10% (87C752), VCC ~ 5V ±20% (83C752), Vss ~ OV'. 8 


12MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1!tcLCL 
Oscillator frequency: 
3.5 
12 
MHz 
3.5 
16 
MHz 


External Clock (Figure 4) 


lcHCX 
High time 
20 
20 
ns 


lcLCX 
Low time 
20 
20 
ns 


lcLCH 
Rise time 
20 
20 
ns 


lcHCL 
Fall time 
20 
20 
ns 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
H - 
Logic level high 


first character is always 't' (~time). The other 
L - 
Logic level low 
characters, depending on their positions, 
Q - 
Output data 


indicate the name of a signal or the logical 
T - Time 
status of that signal. The designations are: 
V - Valid 
C - Clock 
X - 
No longer a valid logic level 
D - 
Input data 
Z - 
Float 


0.2 VCC+O.9 


0.2VCC-0.1 
lcHCH 


tCLCH 


X 


0.2VCC+ 0.9 


O.45V 
. 
• 
O.2VCG-O.1 
x~ 


MAX ACTIVE leeS 


22 


20 


18 


1S 
,. 


leemA 
12 
TYP ACTIVE leeS 


10 


Figure 6. Icc vs. FREQ 


Maximum 
Icc values taken at Vcc = 5.5V and worst case temperature. 
Typical Icc values taken at Vec = 5.0V and 25°C. 
Notes 6 and 7 refer to AC Electrical 
Characteristics. 


PROGRAMMING 
CONSIDERATIONS 


EPROM Characteristics 
The 87C752 is programmed by using a 
modified Quick-Pulse Programming algorithm 
similar to that used for devices such as the 
87C451 and 87C51. It differs from these 
devices in that a serial data stream is used to 
place the 87C752 in the programming mode. 


Figure 7 shows a block diagram of the 
programming configuration for the 87C752. 
Port pin PO.2 is used as the programming 
voltage supply input (Vpp signal). Port pin 
PO.1 is used as the program (PGM/) signal. 
This pin is used for the 25 programming 
pulses. 


Port 3 is used as the address input for the 
byte to be programmed and accepts both the 
high and low components of the eleven bit 
address. Multiplexing of these address 
components is performed using the ASEL 
input. The user should drive the ASEL input 
high and then drive port 3 with the high order 
bits of the address. ASEL should remain high 
for at least 13 clock cycles. ASEL may then 
be driven low which latches the high order 
bits of the address internally. The high 
address should remain on port 3 for at least 


two clock cycles after ASEL is driven low. 
Port 3 may then be driven with the low byte of 
the address. The low address will be 
internally stable 13 clock cycles later. The 
address will remain stable provided that the 
low byte placed on port 3 is held stable and 
ASEL is kept low. Note: ASEL needs to be 
pulsed high only to change the high byte of 
the address. 


Port 1 is used as a bidirectional data bus 
during programming and verify operations. 
During programming mode, it accepts the 
byte to be programmed. During verify mode, 
it provides the contents of the EPROM 
location specified by the address which has 
been supplied to Port 3. 


The XTAL1 pin is the oscillator input and 
receives the master system clock. This clock 
should be between 1.2 and 6MHz. 


The RESET pin is used to accept the serial 
data stream that places the 87C752 into 
various programming modes. This pattern 
consists of a 1O-bit code with the LSB sent 
first. Each bit is synchronized to the clock 
input, X1. 


Programming 
Operation 


Figures 8 and 9 show the timing diagrams for 
the program/verify cycle. RESET should 
initially be held high for at least two machine 
cycles. PO.1 (PGMI) and PO.2 (Vpp) 
will be at 


VOHas a result of the RESET operation. At 
this point, these pins function as normal 
quasi-bidirectional 
1/0 ports and the 


programming equipment may pull these lines 
low. However. prior to sending the 1O-bit code 
on the RESET pin, the programming 
equipment should drive these pins high (VIH). 
The RESET pin may now be used as the 
serial data input for the data stream which 
places the 87C752 in the programming 
mode. Data bits are sampled during the clock 
high time and thus should only change during 
the time that the clock is low. Following 
transmission of the last data bit, the RESET 
pin should be held low. 


Next the address information for the location 
to be programmed is placed on port 3 and 
ASEL is used to perform the address 
multiplexing, as previousiy described. At this 
time, port 1 functions as an output. 


A high voltage Vpp level is then applied to the 
Vpp input (PO.2). (This sets Port 1 as an input 
port). The data to be programmed into the 
EPROM array is then placed on Port 1. This 
is followed by a series of programming 
pulses applied to the PGMI pin (PO.1). These 
pulses are created by driving PO.1low and 
then high. This pulse is repeated until a total 
of 25 programming pulses have occurred. At 
the conclusion of the last pulse, the PGMI 
signal should remain high. 


The Vpp signal may now be driven to the 
VOHlevel, placing the 87C752 in the verify 
mode. (Port 1 is now used as an output port). 
After four machine cycles (48 clock periods), 
the contents of the addressed location in the 
EPROM array will appear on Port 1. 


The next programming cycle may now be 
initiated by placing the address information at 
the inputs of the multiplexed buffers, driving 
the Vpp pin to the Vpp voltage level, 
prOVidingthe by1eto be programmed to Port1 
and issuing the 26 programming pulses on 
the PGMI pin, bringing Vpp back down to the 
Vc level and verifying the by1e. 


Programming 
Modes 
The 87C752 has four programming features 
incorporated within its EPROM array. These 
include the USER EPROM for storage of the 
application's code, a 16-by1eencryption key 
array and two security bits. Programming and 
verification of these four elements are 
selected by a combination of the serial data 
stream applied to the RESET pin and the 
voltage levels applied to port pins PO.1 and 
PO.2.The various combinations are shown in 
Table 3. 


Encryption 
Key Table 
The 87C752 includes a 16-by1e EPROM 
array that is programmable by the end user. 
The contents of this array can then be used 
to encrypt the program memory contents 
during a program memory verify operation. 
When a program memory verify operation is 
performed, the contents of the program 


memory location is XNOR'ed with one of the 
by1esin the 16-by1eencryption table. The 
resulting data pattern is then provided to port 
1 as the verify data. The encryption 
mechanism can be disable, in essence, by 
leaving the by1esin the encryption table in 
their erased state (FFH) since the XNOR 
product of a bit with a logical one will result in 
the original bit. The encryption by1esare 
mapped with the code memory in 16-by1e 
groups. the first by1ein code memory will be 
encrypted with the first byte in the encryption 
table; the second by1ein code memory will be 
encrypted with the second by1ein the 
encryption table and so forth up to and 
including the 16the by1e.The encryption 
repeats in 16-by1egroups; the 17th by1ein 
the code memory will be encrypted with the 
first by1e in the encryption table, and so forth. 


Security 
Bits 
Two security bits, security bit 1 and security 
bit 2, are provided to limit access to the 
USER EPROM and encryption key arrays. 
Security bit 1 is the program inhibit bit, and 
once programmed performs the following 
functions: 
1. Additional programming of the USER 
EPROM is inhibited. 


2. Additional programming of the encryption 
key is inhibited. 


3. Verification of the encryption key is 
inhibited. 


4. Verification of the USER EPROM and the 
security bit levels may still be performed. 


(If the encryption key array is being used, this 
security bit should be programmed by the 
user to prevent unauthorized parties from 
reprogramming the encryption key to all 
logical zero bits. Such programming would 
provide data during a verify cycle that is the 
logical complement of the USER EPROM 
contents). 


Security bit 2, the verify inhibit bit, prevents 
verification of both the USER EPROM array 


and the encryption key arrays. The security 
bit levels may still be verified. 


Programming 
and Verifying 
Security 
Bits 
Security bits are programmed employing the 
same techniques used to program the USER 
EPROM and KEY arrays using serial data 
streams and logic levels on port pins 
indicated in Table 3. When programming 
either security bit, it is not necessary to 
provide address or data information to the 
87C752 on ports 1 and 3. 


Verification occurs in a similar manner using 
the RESET serial stream shown in Table 3. 
Port 3 is not required to be driven and the 
results of the verify operation will appear on 
ports 1.6 and 1.7. 


Ports 1.7 contains the security bit 1 data and 
is a logical one if programmed and a logical 
zero if erased. Likewise, P1.6 contains the 
security bit 2 data and is a logical one if 
programmed and a logical zero if erased. 


Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. 
For this and secondary 
effects, 
it 
is recommended 
that an opaque label be 
placed over the window. 
For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Flourless 
part number 2345-5 or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-sec/cm2. 
Exposing the EPROM to an 
ultraviolet lamp of 12,OOOuW/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 


Erasure leaves the array in an all 1s state. 


OPERATION 
SERIAL CODE 
PO.1(PGMI) 
PO.2 (Vpp) 


Program user EPROM 
296H 
-· 
Vpp 


Verify user EPROM 
296H 
V1H 
V1H 


Program key EPROM 
292H 
-· 
Vpp 


Verify key EPROM 
292H 
VIH 
VIH 


Program security bit 1 
29AH 
- 
Vpp 


Program security bit 2 
298H 
-· 
Vpp 


Verify security bits 
29AH 
VIH 
VIH 


EPROM PROGRAMMING 
AND VERIFICATION 


Tamb = 21°C 
to +2rc, vee 
= 5V ±10%, 
vss 
= OV 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


1/teLCL 
Oscillator/clock 
frequency 
1.2 
6 
MHz 


tAVGL1 
Address 
setup 
to PO.1 (PROG-) 
low 
1O~s + 24teLCL 


!GliAl< 
Address 
hold after 
PO.1 (PROG-) 
high 
48teLCL 


tOVGL 
Data 
setup 
to PO.1 (PROG-) 
low 
38teLCL 


tDVGL 
Data 
setup 
to PO.1 (PROG-) 
low 
38teLCL 


!GHDX 
Data 
hold after 
PO.1 (PROG-) 
high 
36teLCL 


tSHGL 
Vpp 
setup 
to PO.1 (PROG-) 
low 
10 
~s 


tGHSL 
Vpp 
hold after 
PO.1 (PROG-) 
10 
~s 


tGLGH 
PO.1 (PROG-) 
width 
90 
110 
~s 


tAvav2 
Vpp 
low (Vedto 
data 
valid 
48tCLCL 


tGHGL 
PO.1 (PROG-) 
high to PO.1 (PROG-) 
low 
10 
~s 


tSYNL 
PO.O (sync 
pulse) 
low 
4teLCL 


tSYNH 
PO.O (sync 
pUlse) 
high 
8teLCL 


tMASEL 
ASEL high time 
13teLCL 


tMAHLD 
Address 
hold time 
2teLCL 


tHASET 
Address 
setup 
to ASEL 
13teLCL 


tADSTA 
Low 
address 
to address 
stable 
13teLCL 


NOTES: 
1. 
Address 
should 
be valid 
at least 
24teLCL 
before 
the rising 
edge 
of PO.2 (Vpp). 


2. 
For a pure 
verify 
mode, 
i.e., no program 
mode 
in between, 
tAvav 
is 14tCLCL maximum. 


PROGRAMMING 
PULSES 


VppNIH VOLTAGE 
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r-II 
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I 
I 
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14 
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9B~s MIN 
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PORT 
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-------------------------------- 


DATA TO BE PROGRAMMED 
INVAUD 
DATA 
VALID DATA 


VERIFY 
MODE ---------r-- 
PROGRAM 
MODE ---1-.---- 
VERIFY 
MODE 
-I 


H IDVGL 
IGHDXH- 
IAvav------l 


Purchase 
of Philips' 
12C components 
conveys 
a license under the 
Philips' 
12C patent to use the components 
in the 12C-system 


provided 
the system 
conforms 
to the 12Cspecifications 
defined 
by Philips. 


GENERAL 
DESCRIPTION 
The 83CL781 and 83CL782 are 
manufactured in an advanced CMOS 
technology. The instruction set of the 
83CL781/83CL782 is based on that of the 
8051. The 83CL781/83CL782 
is an 8-bit 
general purpose microcontroller especially 
suited for cordless telephone applications. 
The device has low power consumption and 
a wide range of supply voltage. For emulation 
purposes, the 85CL 782 (Piggy-back version) 
with 256 by1esof RAM is recommended. The 
83CL781/83CL782 has two software 
selectable modes of reduced activity for 
further power reduction: 
Idle and 
Power-down. The 83CL781/83CL782 also 
functions as an arithmetic processor having 
facilities for both binary and BCD arithmetic 
plus bit-handling capabilities. The instruction 
set consists of over 100 instructions: 
49 one-by1e, 46 two-by1e, and 16three-by1e. 


The 83CL782 is a faster version of the 
83CL781 with a maximum speed of 12MHz at 
Voo" 
3.1V. 


FEATURES 


• Full static 80C51 CPU 


• 8-bit CPU, ROM, RAM, 1/0 in a single 


package 


• 16K x 8 ROM, expandable externally to 
64K by1es 


• 256 by1es RAM, expandable externally to 


64K by1es 


• Four 8-bit ports, 32 1/0 lines 


• Three 16-bit timerlevent counters 


• External memory expandable up to 128K, 


extemal ROM up to 64K and/or RAM up to 
64K 


• On-Chip oscillator suitable for RC, LC, 


quartz crystal or ceramic resonator 


• Fifteen source, fifteen vector interrupt 


structure with two priority levels 


• Full duplex serial UART 


• 12Cbus interface for serial transfer on two 


lines. 


• Enhanced architecture with: 


- 
non-page oriented instructions 


- 
direct addressing 


- four eight-by1e RAM register banks 


- 
stack depth limited only by available 
internal RAM (max. 256 by1es) 


- 
multiply, divide, subtract and compare 
instructions 


• Power-down and IDLE instructions 


• Wake-up via external interrupts at Port 1 


• Single supply voltage of 1.8V to 6.0V 


• Frequency range of DC to 12MHz 


• 12MHz operation at 3.1V (8XCL782) 


• Very low current consumption, 


typ 8mA at 12MHz/3.1V 


• Operating temperature range: 


- 
83CL781: 
-40 to +85°C 


- 
83CL782: 
-25 to +55°C 


PHILIPS PART ORDER 
PHILIPS NORTH AMERICA3 


NUMBER PART MARKING 
PART ORDER NUMBER 
TEMPERATURE RANGE °C 
FREQUENCY 
DRAWING 


AND PACKAGE 
NUMBER 
ROM 
ROM 


P83CL781HFP 
P83CL781HFN 
-40 to +85; 40-Pin Plastic Dlpl 
DC to 12MHz 
SOT129 


P83CL781HFH 
P83CL781 HF B 
-40 to +85; 44-Pin Plastic QFP2 
DC to 12MHz 
SOT205 


P83CL781 HFH 
P83CL781 HF B 
-40 to +85; 44-Pin Plastic QFP2 
DC to 12MHz 
SOT307 


P83CL782HDP 
P83CL782HD N 
-25 to +55 40-Pin Plastic Dlpl 
DC to 12MHz 
SOT129 


P83CL782HDH 
P83CL782HD B 
-25 to +55 44-Pin Plastic QFP2 
OCto 12MHz 
SOT205 


P83CL782HDH 
P83CL782HD B 
-25 to +55 44-Pin Plastic QFP2 
OCto 12MHz 
SOT307 


NOTES: 
1. DIP: 
Dual In-line Package 
2. QFP: 
Quad Flat Pack. 
Two body sizes are available: SOT205 - 14mm x 14mm and SOT307 - 10mm x 10mm. See package dimension section for details. 


3. 
Parts ordered by the Philips North America part number will be marked with the Philips part marking. 
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PIN NUMBER 
DESIGNATION 
FUNCTION 


DIP 
QFP 


1 
40 
P1.0/INT2IT2 
Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pullups. Port 1 pins that have 1s 
2 
41 
P1.1/INT3T2EX 
written to them are pulled HIGH by the intemal pullups, and in that state can be used as inputs. 


3 
42 
P1.21INT4 
The Port 1 output buffer can sink/source 4 LS TIL loads. As inputs, Port 1 pins that are 
4 
43 
P1.3/INT5 
externally pulled LOW will source current (IlL in the characteristics) due to the internal pullups. 


5 
44 
P1.4/1NT6 
Port 1 also serves the alternative functions INT2 to INT9, and Timer T2 external input. 


6 
1 
P1.5/INT7 
7 
2 
P1.6/INT8 
, 


8 
3 
P1.7/INT9 


9 
4 
RST 
Reset: A high level on this pin for two machine cycles while the oscillator is running resets the 
device. 


10-17 
5,7-13 
P3.0 - P3.7 
Port 3: Port 3 is an B-bit bidirectional I/O port with internal pull-ups. The Port 3 output buffers can 
sink/source 4 LS TIL inputs. Port 3 pins that have 1s written to them are pulled HIGH by the 
internal pull-ups, and in that state can be used as inputs. As inputs, Port 3 pins that are 
externally pulled LOW will source current (IlL in the characteristics) due to the internal pull-ups. 


10 
5 
P3.0/RxD/data 
RXD/data: serial port receiver data input (asynchronous) or data inpuVoutput (synchronous) 


11 
7 
P3.1ITxD/clock 
TXD/clock: 
serial port transmitter data output (asynchronous) or clock output (synchronous) 


12 
8 
P3.2III'ml 
1JiITll:external interrupt O. 


13 
9 
P3.3fll\lTI 
mTl': external interrupt 1. 


14 
10 
P3.4ITO 
TO: Timer 0 external input. 


15 
11 
P3.51T1 
T1: TImer 1 external input. 


16 
12 
P3.6tWR 
WFf: external data memory write strobe. 


17 
13 
P3.7/FID 
00: external data memory read strobe. 


18 
14 
XTAL2 
Crystal output: output of the inverting amplifier of the oscillator. Left open when external clock is 
used. 


19 
15 
XTAL1 
Crystal input: input to the inverting amplifier of the oscillator, also the input for an externally 
generated clock source. 


20 
16 
Vss 
Ground: circuit ground potential. 


- 
17 
TestlVs5 
Test input: must be connected to V55 or left open. 


21-28 
18-25 
P2.0 - P2.7 
Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have 1s 
written to them are pulled HIGH by the internal pull-ups, and in that state can be used as inputs. 
The Port 2 output buffer can sink/source 4 LS TIL loads. 


Port 2 emits the high-order address byte during accesses to external memory that use 16-bit 
addresses (MOVX @DPTR). In this application it uses the strong internal pullups when emitting 
1s. During accesses to external memory that use 8-bit addresses (MOVX @Ri). Port 2 emits the 
contents of the P2 Special Function Register. 


29 
26 
1'S""EN 
Program store enable output: 
read strobe to external program rnemory. When executing code 


out of external program memory, 1'S""EN is activated twice each machine cycle. However, during 
each access to external data memory two 1'S""EN activations are skipped. 


30 
27 
ALE 
Address 
Latch Enable: output pulse for iatching the low byte of the address during access to 


external memory. ALE is emitted at a constant rate of 1/6 of the oscillator frequency, and may be 
used for external timing or clocking purposes. 


31 
29 
EA 
External Access: When EA is held High the CPU executes out of internal program memory 
(unless the program counter exceeds 3FFFH). Holding EA LOW forces the CPU to execute out 
of external memory regardless of the value of the program counter. 


32-39 
37-30 
PO.O- PO.7 
Port 0: Port 0 is an 8-bit open drain bidirectional I/O port. As an open drain output port it can sink 
8 LS TTL loads. Port 0 pins that have 1s written to them float, and in that state will function as 
high impedance inputs. Port 0 is also the multiplexed low order address and data bus during 
access to external memory. In this application it uses strong internal pull-ups when emitting logic 
1s. 


40 
38 
Voo 
Power supply. 
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12.0 
FUNCTIONAL 
DESCRIPTION 


General 
The 83CL781/83CL782 
is a stand-alone 
high-performance CMOS microcontroller 
designed for use in real-time applications 
such as instrumentation, industrial control, 
intelligent computer peripherals and 
consumer products. 


The device provides hardware features, 
architecturai enhancements and new 
instructions to function as a controller for 
applications requiring up to 64K bytes of 
program memory and/or up to 64K bytes of 
data storage. 


The 83CL781/83CL782 contains a 
non-volatile 16K byte x 8 read-only program 
memory; a static 256 byte x 8 read/write data 
memory; 32 I/O lines; three 16-bit timer/event 
counters; a fifteen-source two priority-level, 
nested interrupt structure and on-chip 
oscillator and timing circuit. 


The device has two software selectable 
modes of reduced activity for power 
reduction; IDLE and Power-down. The Idle 
mode freezes the CPU while allowing the 
RAM, timers, serial I/O and interrupt system 
to continue functioning. The Power-down 
mode saves the RAM contents but freezes 
the oscillator causing all other chip functions 
to be inoperative. 


In addition, the device provides an 12C-bus 
serial I/O port with byte oriented master and 
slave functions, which allows communication 


with the whole family of 12C-bus compatible 
ICs and a standard UART serial interface. 


CPUtiming 
A machine cycle consists of a sequence of 6 
states. Each state time lasts for two oscillator 
periods, thus a machine cycle takes 12 
oscillator periods or 1fls if the oscillator 
frequency is 12MHz. 


12.1 
Memory organization 
The 83CL781/83CL782 
has a 16K Program 
Memory (ROM) plus 256 bytes of Data 
Memory (RAM) on board. The device has 
separate address spaces for Program and 
Data Memory (see Figure 1). Using Ports PO 
and P2, the 83CL781/83CL782 can address 
up to 64K.bytes of external memory. The 
CPU generates both read and write signals 
(RU and WR) for external Data Memory 
accesses, and the read strobe (PSrn) for 
external Program Memory. 


12.1.1 
Program 
Memory 
The 83CL781/83CL782 contains 16K bytes 
of internal ROM. After reset the CPU begins 
execution at location OOOOH.The lower 16K 
bytes of Program Memory can be 
implemented in either on-chip ROM or 
external Memory. If the EA pin is strapped to 
Voo, then program memory fetches from 
addresses OOOHthrough 3FFFH are directed 
to the internal ROM. Fetches from addresses 
4000H through FFFFH are directed to 
externai ROM. Program counter values 
greater than 3FFFH are automatically 
addressed to external memory regardless of 
the state of the EA pin. 


12.1.2 
Data Memory 


The 83CL781/83CL782 
contains 256 bytes of 


internal RAM and 34 Special Function 
Registers (SFR). Figure 1 shows the internal 
Data Memory space divided into the Lower 
128,lhe 
Upper 128, and the SFR space. 


Internal RAM locations 0-127 are directly and 
indirectly addressable. Internal RAM 
locations 128-255 are only indirectly 
addressable. The special function register 
locations 128-255 are only directly 
addressable. 


12.1.3 
Special Function 
Registers 


The upper 128 bytes are the address 
locations of the SFRs. Figure 3 shows the 
Special Function Register (SFR) space. 
SFRs include the port latches, timers, 
peripheral control, serial I/O registers, etc. 
These registers can only be accessed by 
direct addressing. There are 128 bit 
addressable locations in the SFR address 
space (SFRs with addresses divisible by 
eight). 
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~ 


EXTERNAL 


DATA 
MEMORY 


7FH 


2FH 


20H 


R7 
lFH 
II 
RO 
18H 


R7 
17H 
II 
RO 
10H 


R7 
OFH 
II 
RO 
OSH 


R7 
07H 
II 
RO 
0 


} 


BIT-ADDRESSABLE 
SPACE 
(BIT 
ADDRESSES 
2Q.7F) 


BIT ADDRESS 


l~======_A--=====ff 


IPl 
I_FF~~F_E~_Fo_~F_C~_FB_~F_A~_F_9~_F8_I 
F8H 
__ 


F1 
1 
F6 I 
FS 
1 
F4 I 
F3 
1 
F2 
1 
Fl 
1 
FO 


EF 
1 
EE I 
ED 
1 
EC I 
EB 
1 
EA 
1 
E9 
1 
E8 


FOH- 
EFH 


EEH 


EoH 


ECH 


EBH 


EAH 


E9H 
IXl 


IEN1 


ACCIE7 


S1ADR 


SlOAT 


tS1STA 


S1CON 
OF I 
DE I 
DO I 
DC I 
DB 
I 
oA 
I 
09 
I 
08 


07 
I 
o61oSI041031 
02 
I 
01 I 
DO 


I 


CF I 
CE I 
CD I 
CC I 
CB I CA I C9 I C8 


oBH 


oAH 


o9H 


o8H -- 


DOH -- 
CFH 


CEH 


CoH 


CCH 


CBH 


CAH 


TH2 


TL2 


RCAP2L 


RCAP2L 


C9H 


C8H 
~ 


IRQl 
I-C-7 
-r--C-6--'-C-S~-C-4~-C-3~-C2--C-l--C-O 
J~::__ 


SFRs 
CONTAINING 


DIRECTLY 
ADDRESSABLE 
BITS 


-~." 
SOCON 
9F 
9E 
90 
9C 
9B 
9A 
99 
98 
98H 


P1 


THl 


THO 


TLl 


TLO 


TMOD 


TeON 
8F 


PeON 
.~~." 
OPL 
82H 


SP 
81H 
.~ 
.• 


B8 
BBH 


BO 
BOH 


AFH 


AEH 


AOH 


ACH 


ABH 


AAH 


ASH 


A8 
A8H 


AO 
AOH 


SFRs 
CONTAINING 


DIRECTLY 
ADDRESSABLE 
Brrs 


12.1.4 
Addressing 
The 83CL781/83CL782 
has five methods for 


addressing source operands: 
- Register 


- 
Direct 


- Register-Indirect 


- 
Immediate 


- Base-Register-plus Index-Register-indirect 


The first three methods can be used for 
addressing destination operands. Most 
instructions have a "destination/source" field 
that specifies data type, addressing methods 
and operands involved. For operations other 
than MOVs, the destination operand is also a 
source operand. 


Access to memory addressing is as follows: 
- Registers in one of the four register banks 


through register, direct or indirect. 


- Intemal RAM (256 bytes) through direct or 
register-indirect. 


- Special Function Register through Direct. 


- Extemal data memory through 
Register-Indirect 


- Program memory look-up tables through 


Base-Register-plus index-Register-indirect. 


12.2.1 
Ports 
The 83CL781/83CL782 
has 321/0 lines 
treated as 32 individually addressable bits or 
as four parallel 8-bit addressable ports. Port 


0, 1, 2 and 3 perform the following alternate 
functions: 


- Port 0: 
provides the multiplexed low-order 
address and data bus for 
expanding the device with standard 
memories and peripherals. 


-Port 
1: 


(1) 


(2) 
(3) 


-Port2: 


provides the inputs for the external 
interrupts INT2 / INT9; 
Extemal counter/capture of Timer 2; 
12C-bus 


Writing a 1 to a Port 0 bit latch leaves both 
output transistors switched off so the pin can 
be used as a high-impedance input. 


12.2.2 
Port Options 
Thirty of the 32 parallel port pins (excluding 
P1.6 and P1.7 with option '2S' only) may be 
individually configured with one of the 
following options (see Figure 4): 


Option 1: Standard 
Port 
Quasi-bidirectional 
I/O with pull-up. The 


strong booster pull-up p1 is tumed on for 
two oscillator periods after a 0-to-1 
transition in the port latch (see 
Figure 4(a)). 


Option 2: Open drain 
Quasi-bidirectional 
I/O with n-channel 


open drain output. Use as an output 
requires the connection of an external 
pull-up resistor (see Figure 4(c)). 


Option 3: Push-Pull 
Output with drive capability in both 
polarities. Under this option, pins can only 
be used as outputs (see Figure 4(b)). 


The definition of port options for port 0 is 
slightly different. Two cases have to be 
examined. First, accesses to extemal 
memory (EA = 0 or access above the built-in 
memory boundary), second, I/O accesses. 


Individual mask selection of the post-reset 
state is available on any of the above pins. 
Make your selection by appending "S" or "R" 
to option 1, 2, or 3 above. 


FROM 
PORT 


LATCH 
11 


provides the high-order address 
when expanding the device with 
extemal prog ram or data memory. 


- Port 3: 
pins can be configured individually 
to provide: 


(1) 
extemal interrupt request inputs; 


(2) 
counter input; 


(3) 
control signals to read and write 
to extemal memories; and 
(4) 
UART input and output. 


To enable a Port 3 pin altemate function, the 
Port 3 bit latch in its SFR must contain a 
logic 1. 


Each port consists of a latch (Special 
Function Registers POto P3), an output 
driver and an input buffer. Ports 1,2,3 have 
intemal pull-ups. Figure 4(a) shows that the 
strong transistor p1 is tumed on for only 2 
oscillator periods after a 0-to-1 transition in 
the port latch. When on, it tums on p3 (a 
weak pull-up) through the inverter. This 
inverter and p3 form a latch which hold the 1. 
In Port 0 the pUll-Upp1 is only on when 
emitting 1s for external memory access. 


FROM 
PORT 
LATCH 
11 
• 


INPUT 
DATA 


External Memory Accesses 
Option 1: 


True 0 •.nd 1 are written as address to the 
externa memory (strong pull-up is used). 


Option 2: 


An exte nal pull-up resistor is needed for 
externa accesses. 


Option 3: 
Not allo "ed for external memory 
access€s as the port can only be used as 
output. 


VOAccesses 
Option 1: 


When" 
riting a 1 to the port-latch, the 


strong ~ull-up p1 will be on for two 
oscillater periods. No weak pull-up exists. 
Without an external pull-up, this option 
can be used as a high-impedance input. 


Option 2: 


Open drain; quasi-bidirectional I/O with 
n-chanr el open drain output. 
Use as an 


output r ,quires the connection of an 
externai pull-up resistor (see Figure 4(c)). 


Option 3: 


Push-Pull; output with drive capability in 
both pol ~rities. Under this option, pins 
can onl\ be used as outputs. 


Individual n ask selection of the post-reset 
state is ava lable on any of the above pins. 
Make your Helection by appending "SOor "R" 
to option 1, 2, or 3 above. 


Option S: SET; 


after reset this pin will be initialized HIGH. 


Option R: RESET; 


after reset this pin will be initialized LOW. 


12.3 
Timer/event 
counter 
The B3CL7B1/B2CL7B2 contains three 16-bit 
Timer/Counter registers; Timer 0, Timer 1, 
and Timer 2 which can perform the following 
functions: 
- 
Measure time intervals and pulse durations 


- Count events 


- Generate interrupts requests 


Timer 0 and Timer 1 can be independently 
programmed to operate as follows: 
- Mode 0: 


B-bittimer or counter with divide-by-32 
prescaler 


- Mode 1: 


16-bittime-interval 
or event counter 


- Mode 2: 


B-biltime interval or event counter with 
automatic reload upon overflow 


- Mode 3: 


Timer 0 establishes TLO and THO as two 
separate counters. 


In the "Timer" function, the register is 
incremented every machine cycle. Since a 
machine cycle consists of 12 oscillator 
periods, the count rate is 1/12 of the oscillator 
frequency. 


(MSS) 
~IEXF2 


Symbol 
Position 
TF2 
T2CON.7 


EXF2 
T2CON.6 


GF2 
T2CON.5 
RTCLK 
T2CON.4 


EXEN2 
T2CON.3 


TR2 
T2CON.2 
cm 
T2CON.1 


cp/R[2 
T2CON.0 


In the "Counter" function, the register is 
incremented in response to a 1-to-O 
transition. Since it takes two machine cycles 
(24 oscillator periods) to recognize a 1-to-O 
transition, the maximum count rate is 1/24 of 
the oscillator frequency. To ensure a given 
level is sampled, it should be held for at least 
one full machine cycle. 


12.3.1 
Timer 2 


Timer 2 is a 16-biI Timer/Counter. Like Timers 
o and 1, it can operate either as a timer or as 
an event counter. This is selected by bit CIT2 
in the Special Function Register T2CON 
(Figure 5). It has three operating modes: 
"capture", "auto-load" and "baud rate 
generator", which are selected by bits in 
T2CON as shown in Table 1. 


Timer 2 Operating 
Modes 


RTCLK 
CPJR[2 
TR2 
MODE 


0 
0 
1 
16·Bit 
Auto-reload 


0 
1 
1 
16-Bit 
Capture 


1 
x 
1 
Baud Rate 
Generator 


x 
x 
0 
(Off) 


Name and Significance 
Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not 
be set when RTCLK = 1. 
Timer 2 external flag set when either a capture or reload is caused by a negative transition of 
T2EX and EXEN2 = 1. When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to 
vector to the Timer 2 interrupt routine. EXF2 must be cleared by software. 
General purpose flag bit. 


Transmit clock flag. When set, causes the UART serial port to use Timer 2 overflow pulses 
for its receive and transmit clock in modes 1 and 3. TLCK = 0 causes Timer 1 overflows to be 
used for the receive and transmit clock. 
Timer 2 external enable flag. When set, allows a capture or reload to occur as a result of a 
negative transition on T2EX if Timer 2 is not being used to clock the UART serial port. 
EXEN2 = 0 causes Timer 2 to ignore events at T2EX. 
Start/stop control for Timer 2. A logic 1 starts the timer. 
Timer or counter select. Timer 2) 
o = Intemaltimer 
(OSC/12) 
1 = External event counter (falling edge triggered) 


Capture/Reload flag. When set, captures will occur on negative transitions at T2EX if 
EXEN2 = 1. When cleaned, auto-reloads will occur either with Timer 2 overflows or negative 
transitions at T2EX when EXEN2 = 1. When RTCLK = 1, this bit is ignored and the timer is 
forced to auto-reload on Timer 2 overflow. 


In the Capture Mode there are two options 
which are selected by bit EXEN2 in T2CON. 
If EXEN2=0, then Timer 2 is a 16-bit timer or 
counter which upon overflowing sets bit TF2, 
the Timer 2 overflow bit, which can be used 
to generate an interrupt. If EXEN2=1, then 
Timer 2 still does the above, but with the 
added feature that a 1-to-Otransition at 
external input T2EX causes the current value 
in the Timer 2 registers, TL2 and TH2, to be 
captured into registers RCAP2L and 
RCAP2H, respectively. In addition, the 
transition at T2EX causes bit EXF2 in 
T2CON to be set, and EXF2, like TF2, can 
generate an interrupt. The Capture Mode is 
illustrated in Figure 6. 


In the auto-reload mode there are again two 
options, which are selected by bit EXEN2 in 
T2CON. If EXEN2=0, then when Timer 2 rolls 


_________ 
"~ C/"T2 
= 1 


T2 PIN 
J 


over, it not only sets TF2, but also causes the 
Timer 2 registers to be reloaded with the 
16-bit value in registers RCAP2L and 
RCAP2H, which are preset by software. If 
EXEN2=1, the Timer 2 still does the above, 
but with the added feature that a 1-to-O 
transition at external input T2EX will also 
trigger the 16-bit reload and set EXF2. 


The auto-reload mode is illustrated in 
Figure 7. 


The baud rate generator mode is selected by 
RTCLK=1. It will be described in conjunction 
with the UART serial port. 


A conversion already in progress is aborted 
when the Power-down mode is entered. The 
result of a completed conversion (AOCI = 
logic 1) remains unaffected when entering the 
Idle mode. 


12.4 
Idle and Power-down 


Operation 
Idle mode operation permits the interrupt, 
serial ports, timer blocks to continue 
functioning while the clock to the CPU is 
halted. 


The following functions remain active during 
Idle mode. These functions may generate an 
interrupt or reset and thus end the Idle mode. 
- Timer 0, Timer 1, Timer 2 


- 
SIO, 
12C 


- 
External interrupt 


The Power-down operation freezes the 
oscillator. The Power-down mode can only be 
activated by setting the PO bit in the PCON 
register. 


TIMER 
2 


~RRUPT 


12.4.1 
Power control 
register 
(PCON) 
These speoial modes are activated by 
software vi21the Special Function Register 
PCON. Its 1,ardware address Is 87H. (PCON 
is not bit-addressable.) 


76543210 


~ 
MSB 
lSB 


8II 
SYM.f!Q!. 
FUNCTION 


PCON.7 
SMOD 
Double Baud rate 
bit. When set to 
logic 1 the baud 
rate is doubled 
when the UART 
serial port SIOO is 
being used in 1, 2, 
or3. 


PCON.6 
(reserved) 


PCON.5 
(reserved) 


PCON.4 
(reserved) 


PCON.3 
GF1 
General-purpose 
flag bit 


PCON.2 
GFO 
General-purpose 
flag bit 


PCON.1 
PD 
Power-down bit. 
Setting this bit 
activates 
Power-down mode. 


PCON.O 
IDL 
Idle mode bit. 
Setting this bit 
activates the Idle 
mode. 


If logic 1s an written to PD and IDL at the 
same time, PO takes precedence. The reset 
value of PCON is (OXXOOOOO). 


12.4.2 
Power-down 
mode 
The instructi)O setting PCON.1 is the last 
executed prim to going into the Power-down 
mode. In Power-down mode the oscillator is 
stopped. Thl>contents of the on-chip RAM 


and SFRs are preserved. The port pins 
output the values held by their respective 
SFRs. ALE and PSEN are held LOW. 


12.4.3 
Wake-up mode 
Setting the PD flag in the PCON register 
forces the controller into the Power-down 
mode. Setting this flag enables the controller 
to be awakened from the Power-down mode 
with either the external interrupts INT2/INT9, 
or a reset operation. 


The wake-up operation after power-down in 
this controller has two basic approaches: 


12.4.3.1 
Wake-up using INT2 to INT9 
If INT2 to INT9 are enabled, the 
83CL781/83CL782 can be awakened from 
power-down mode with the external 
interrupts. To ensure that the oscillator is 
stable before the controller restarts, the 
internal clock will remain inactive for 1536 
oscillator periods. This is controlled by an 
on-chip delay counter. 


12.4.3.2 
Wake-up using RESET 
To wake-up the 83CL781/83CL782 the 
RESET pin has to be kept HIGH for a 
minimum of 24 periods. The on-chip delay 


counter 
is inactive. 
The 
user has to ensure 
that the oscillator is stable before any 
operation is attempted. Figure 8 illustrates 
the two possibilities for wake-up. 


12.4.4 
Idle mode 
The instruction that sets PCON.O is the last 
instruction executed in the normal operating 
mode before Idle mode is activated. Once in 
the Idle mode, the CPU status is preserved in 
its entirety: the Stack Pointer, Program 
Counter, Program Status Word, Accumulator, 
RAM and all other registers maintain their 
data during Idle mode. The status of the 
external pins during Idle mode is shown in 
Table 2. 


There are two methods used to terminate the 
Idle mode. Activation of any enabled interrupt 
will cause PCON.O to be cleared by 
hardware, terminating Idle mode. The 
interrupt is serviced, and following the 
return-from-interrupt 
instruction RETI, the 
next instruction to be executed will be the one 
which follows the instruction that wrote a 
logic 1 to PCON.O. 


Flag bits GFO and GF1 may be used to 
determine whether the interrupt was received 
during normal execution or during Idle mode. 
For example, the instruction that writes to 
PCON.O can also set or clear one or both flag 
bits. When Idle mode is terminated by an 
interrupt, the service routine can examine the 
status of the flag bits. 


The second method of terminating the Idle 
mode is with an external hardware reset, or 
an internal reset caused by an overfiow of 
Timer T3. Since the oscillator is still running, 
the hardware reset is required to be active for 
two machine cycles (24 oscillator periods) to 
complete the reset operation. 


Reset redefines all SFRs, but does not affect 
the on-chip RAM. 


In the Power-down mode, Voo may be 
reduced to minimize power consumption. 
However, the supply voltage must not be 
reduced until Power-down mode is active, 
and must be held active until the oscillator 
has restarted and stabilized. 


The status of the external pins during Idle 
and Power-down mode is shown in Table 2. If 
the Power-down mode is activated whilst 
accessing external memory, port data held in 
the Special Function Register P2 is restored 
to Port 2. If the data is a logic 1, the port pin 
is held HIGH during the Power-down mode 
by the strong pull-up transistor p1 (see 
Figure 4(a)). 


$1-- 
--------- 


--- 


Ta 
e 2. 
Status 0 t e 
xternal 
PinS during Idle and Power-down 
Modes 


MODE 
MEMORY 
ALE 
PSEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle (1) 
Internal 
1 
1 
Port data 
Port data 
Port data 
Port data 


Idle (1) 
External 
1 
1 
Floating 
Port data 
Address 
Port data 


Power-down 
Internal 
0 
0 
Port data 
Port data 
Port data 
Port data 


Power-down 
External 
0 
0 
Floating 
Port data 
Port data 
Port data 


12.5 
12C Bus Serial 110 
The serial port supports the twin line 12C-bus. 
The 12Cbus consists of a data line (SDA) and 
a clock line (SCl). These lines also function 
as 1/0 port lines P1.7 and P1.6 respectively. 
The system is unique because data 
transport, clock generation, address 
recognition and bus control arbitration are all 


controlled by hardware. The 12Cbus serial 


1/0 has complete autonomy in byte handling 
and operates in four modes: 
- Master transmitter 


- Master receiver 


- Slave transmitter 


- Slave receiver 


These functions are controlled by the S1CON 
register. S1STA is the status register whose 
contents may also be used as a vector to 
various service routines. S1DAT is the data 
shift register and S1ADR the slave address 
register. Slave address recognition is 
performed by hardware. 


Serial 
Control 
Register 
S1 CON (D8H) 
8 
NS1 


CRO, CR1, CR2 
AA 


These three bits determine the serial clock frequency when SIO is in a master mode. See Table 3. 


Assert Acknowledge bit. When the AA flag is set, an acknowledge (low level SDA) will be returned during the 
acknowledge clock pulse on the SCL line when: 


• general call address is received (SlADR.O=l) 


• data byte received while device is programmed as master 


• data byte received while device is a selected slave 
With AA=O, no acknowledge will be returned. Consequently, no interrupt is requested when the "own slave address" or 
general call address is received. 
SIO interrupt flag. When the SI flag is set, an acknowledge is returned after anyone of the following conditions: 


• a start condition is generated in master mode 


• own slave address received during AA=l 


• general call address received while SlADR.O and AA=l 


• data byte received or transmitted in master mode (even if arbitration is lost) 


• data byte received or transmitted as selected slave 


• stop or start condition received as selected slave receiver or transmitter 


STOP flag. With this bit set while in master mode a STOP condition is generated. When a STOP condition is detected on 
the bus, the SIO hardware clears the STO flag. In the slave mode, the STO flag may also be set to recover from an error 
condition. In this case, no STOP condition is transmitted to the 12C bus. However, the SIO hardware behaves as if a 
STOP condition has been received and releases SDA and SCL. The SIO then switches to the "not addressed" receiver 
mode. The STO flag is automatically cleared by hardware. 


START flag. When the STA bit is set in slave mode, the SIO hardware checks the status of the 12C bus and generates a 
START condition if the bus is free. If STA is set while the SIO is in master mode, SIO transmits a repeated START 
condition. 


When ENS1=0, the SIO is disabled. The SDA and SCL outputs are in a high-impedance state; Pl.6 and Pl.7 function as 
open drain ports. When ENS=l, the SIO is enabled. The Pl.6 and Pl.7 port latches must be set to logic 1. 


Table 3. 
SCL Freauencv 


Bit Rate (kHz) at fose 


CR~ 
CRl 
CRO 
'ose Divided By 
3,58MHz 
6MHz 
12MHz 


0 
0 
0 
256 
14.0 
23.4 
46.9 


0 
0 
1 
224 
16.0 
26.8 
53.6 


0 
1 
0 
192 
18.6 
31.3 
62.5 


0 
1 
1 
160 
22.4 
37.5 
75.0 


1 
0 
0 
960 
3.73 
6.25 
12.5 


1 
0 
1 
120 
29.8 
50 
100 


1 
1 
0 
60 
59.7 
100 
- 


1 
1 
1 
not allowed 
- 
- 
- 


S1STA is an 8-bit read-only special function 
register. S1STA.3-S1 STA.7 hold a status 
code. S1STA.0-S1STA.2 are held LOW. The 
contents of S1STA may be used as a vector 
to a service routine. This optimizes response 
time of the software and consequently that of 
the 12C bus. 


The following is a list of the status code: 


Abbreviations 
used: 


SLA: 


R: 


W: 


ACK: 


7-bit slave address 


Read bit 


Write bit 


Acknowledgement 
(acknowledge bit = 0) 


Not Acknowledge 
(acknowledge bit = 1) 


8-bit byte to or from the 12C 
bus 


Master 


Slave 


Transmitter 


Receiver 


MST: 


SLY: 


TRX: 


REC: 


MSTfTRX Mode 
S1STA Value 


08H 
A START condition has been 
transmitted 


10H 
A repeated START condition 
has been transmitted 


18H 
SLA and W have been transmitted, 
ACKNOT received 


28H 
DATA of S1DAT has been 
transmitted, ACK received 


30H 
DATA of S1DAT has been 
transmitted, ACKNOT received 


38H 
Arbitration lost in SLA, Rf\N or DATA 


MSTIREC Mode 
S1STAValue 


38H 
Arbitration lost while returning 
ACKNOT 


40H 
SLA and R have been 
transmitted, ACK received 


48H 
SLA and R have been 
transmitted, ACKNOT 
received 


50H 
DATA has been received, ACK 
returned 


58H 
DATA 
has 
been 
received, 
ACKNOT returned 


SLVlREC Mode 
S1STA Value 


60H 
Own SLA and W have been 
received, ACK returned 


68H 
Arbitration lost in SLA, RW as 
MST. Own SLA and W have 
been received, ACK returned. 


70H 
General Call has been 
received, ACK returned 


78H 
Arbitration lost in SLA, RW as 
MST. General Call has been 
received. 


80H 
Previously addressed with own 
SLA. DATA byte received, ACK 
returned. 


88H 
Previously addressed with 
General Call. DATA byte has 
been received, ACKNOT has 
been returned. 


90H 
Previously addressed with 
General Call. DATA byte has 
been received, ACK has been 
returned. 


98H 
Previously addressed with 
General Call. DATA byte has 
been received, ACKNOT has 
been returned. 


AOH 
A STOP condition or repeated 
START condition has been 
received while still addressed 
as SLV/REC or SLVITRX. 


SLVfTRX Mode 
S1STA Value 


A8H 
Own SLA and R have been re- 
ceived, ACK returned 


BOH 
Arbitration lost in SLA, Rf\N as 
MST. Own SLA and R have 
been received, ACK returned. 


B8H 
DATA byte has been 
transmitted, ACK received. 


COH 
DATA byte has been trans- 
mitted, ACKNOT received. 


Miscellaneous 
S1STA Value 


DOH 
Bus error during MST mode 
or selected SLY mode, due to 
an erroneous START or 
STOP condition. 


Data Shift Register 
S1DAT(DAH) 


This register contains the serial data to be 
transmitted or data that has just been 
received. Bit 7 is transmitted or received Iirst; 
i.e., data is shifted from left to right. 


Own Address 
Register 


S1ADR (DBH) 


This 8-bit register may be loaded with the 
7-bit address to which the controller will 
respond when programmed as a slave 
receiver/transmitter. The LSB bit (GC) is used 
to determine whether the general CALL 
address is recognized. 


S1ADR.O, GC: 0 = general CALL address 


is not recognized. 


1 = general CALL is 


recognized. 


S1ADR.7 -1: 
own slave address 


12.6 
Stcndard Serial Interface 
SIOO: UART 
This serial P)rt is full duplex, meaning it can 
transmit and receive simultaneously. It is also 
receive-buffmed, meaning it can commence 
reception of 3 second byte before a 
previously received byte has been read from 
the register. (However, if the first byte still 
hasn't been 'ead by the time reception of the 
second byte is complete, one of the bytes will 
be lost). The serial port receive and transmit 
registers are both accessed at Special 
Function Re!Jister SOBUF. Writing to SOBUF 
loads the tra lsmit register, and reading 
SOBUF load" the transmit register, and 
reading SOBJF accesses a physically 


separate 
rec 3ive register. 


The serial pcrt can operate in 4 modes: 


Mode 0: Se 'ial data enters and exits through 
RxD. TxD outputs the shift clock. 8 bits are 
transmitted/nceived 
(LSB first). The baud is 


fixed at 1/12 the oscillator frequency. 


Mode 1: 10 bits are transmitted (through 
TxD) or rec 
ved (through RxD): a start 


bit (0), 8 date bits (LSB first), and a stop bit 
(1). On recei fe, the stop bit goes into RB8 in 
Special Funotion Register SCaN. The baud 
rate is variab e. 


Mode 2: 
11 )its are transmitted (through 


TxD) or received (through RxD): start bit (0), 
8 data bits (LSB first), a programmable 9th 


data bit, and a stop bit (1). On Transmit, the 
9th data bit (TB8 in SCaN) can be assigned 
the value of 0 or 1. Or, for example, the parity 
bit (P, in the PSW) could be moved into TB8. 
On receive, the 9th data bit goes into RB8 in 
Special Function Register SCaN, while the 
stop bit is ignored. The baud rate is 
programmable to either 1/32 or 1/64 the 
oscillator frequency. 


Mode 3: 11 bits are transmitted (through 
TxD) or received (through RxD): a start bit 
(0), 8 data bits (LSB first), a programmable 
9th data bit and a stop bit (1). In fact, Mode 3 
is the same as Mode 2 in all respects except 
baud rate. The baud rate in Mode 3 is 
variable. 


In all four modes, transmission is initiated by 
any instruction that uses SOBUF as a 
destination register. Reception is initiated in 
Mode 0 by the condition RI = 0 and REN = 1. 
Reception is initiated in the other modes by 
the incoming start bit if REN = 1. 


12.6.1 
Multiprocessor 
Communications 
Modes 2 and 3 have a special provision for 
multiprocessor communications. In these 
modes, 9 data bits are received. The 9th one 
goes into RB8. Then comes a stop bit. The 
port can be programmed such that when the 
stop bit is received, the serial port interrupt 
will be activated only if RB8 = 1. This feature 
is enabled by setting bit SM2 in SCaN. A 


way to use this feature in multiprocessor 
systems is as follows: 


When the master processor wants to transmit 
a block of data to one of several slaves, it 
first sends out an address byte which 
identifies the target slave. An address byte 
differs from a data byte in that the 9th bit is 1 
in an address byte and 0 in a data byte. With 
SM2 = 1, no slave will be interrupted by a 
data byte. An address byte, however, will 
interrupt all slaves, so that each slave can 
examine the received byte and see if it is 
being addressed. The addressed slave will 
clear its SM2 bit and prepare to receive the 
data bytes that will be coming. The slaves 
that weren't being addressed leave their 
SM2s set and go on about their business, 
ignoring the coming data bytes. 


SM2 has no effect in Mode 0, and in Mode 1 
can be used to check the validity of the stop 
bit. In a Mode 1 reception, if SM2 = 1, the 
receive interrupt will not be activated unless a 
valid stop bit is received. 


12,6,2 
Serial port control 
register 


The serial port control and status register is 
the Special Function Register SOCON, 
shown in Figure 10. The register contains not 
only the mode selection bits, but also the 9th 
data bit for transmit and receive (TB8 and 
RB8). and the serial port interrupt bits (TI and 
RI). 


SMO SM1 
o 
0 
o 
1 
1 
0 
1 
1 


MODE 
o 
1 
2 
3 


DESCRIPTION 
BAUD RATE 
Shift register 
fose 112 


8-bit UART 
variable 
9-bit UART 
fose 1 64 or fose 1 32 
9-bit variable UART 


SM2 
enables the multiprocessor communication feature in Modes 2 and 3. In Mode 2 or 3, if SM2 is set to 1 then R1 will not be 
3ctivated if the received ninth data bit (RB8) is O.In Mode 1, if SM2=1 then R1 will not be activated if a valid stopbit was not 
-eceived. In Mode 0, SM2 should be O. 


REN 
3nables serial reception. Set by software to enable reception. Clear by software to disable reception. 


TB8 
s the ninth data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired. 


RB8 
n Modes 2 and 3, is the ninth data bit that was received. In Mode 1, if SM2=0, RB8 is the stop bit that was received. In 
V10de0, RB8 is not used. 


TI 
s transmit interrupt flag. Set by hardware at the end of the eighth bit time in Mode 0, or at the beginning of the stop bit in the 
other modes, in any serial transmission. Must be cleared by software. 


RI 
s receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or halfway through the stop bit time in the 
other modes, in any serial reception (except see 8M2). Must be cleared by software. 


Baud Rates 
The baud rate in Mode a is fixed: Mode a 
Baud Rate = Oscillator Frequency 112. The 
baud rate in Mode 2 depends on the value of 
bit SMOD in Special Function Register 
PCON. If SMOD = a (which is the value on 
reset), the baud rate is 1/64 the oscillator 
frequency. If SMOD = 1, the baud rate is 1/32 
the oscillator frequency. 


Mode 2 Baud Rate = (2SMOD 
164)(Oscillator 


Frequency) 


The baud rates in Modes 1 and 3 are 
determined by the Timer 1 or Timer 2 
overflow rate. 


Using Timer 1 to Generate Baud Rates 
When Timer 1 is used as the baud rate 
generator, the baud rates in Modes 1 and 3 
are determined by the Timer 1 overflow rate 
and the value of SMOD as follows: 


Modes 1,3 Baud Rate = 
(2SMOD /32) (TImer 1 Overflow Rate) 


The Timer 1 interrupt should be disabled in 
this application. The Timer itself can be 
configured for either "timer" or "counter" 
operation, and in any of its 3 running modes. 
In most typical applications, it is configured 
for "timer" operation, in the auto-reload mode 
(high nibble of TMOD = 001oB). In that case 
the baud rate is given by the formula: 


Mode 1, 3 Baud Rate = 
{(2SMOD 
132) x (Oscillator Frequency)) I 


(12 x (256 - (TH1)) 


One can achieve very low baud rates with 
Timer 1 by leaving the Timer 1 interrupt 


enabled, and configuring the Timer to run as 
a 16-bit timer (high nibble of TMOD = 
0001 B), and using the Timer 1 interrupt to do 
a 16-bit software reload. Table 4 lists various 
commonly used baud rates and how they can 
be obtained from Timer 1. 


Using Timer 2 to Generate Baud Rates 
Timer 2 is selected as the baud rate 
generator by setting RTCLK in T2CON 
(Figure 11). Setting RTCLK puts Timer 2 into 
its baud rate generator mode, as shown in 
Figure 11. 


The baud rate generator mode is similar to 
the auto-reload mode, in that a rollover in 
TH2 causes the Timer 2 registers to be 
reloaded with the 16-bit value in registers 
RCAP2H and RCAP2L, which are preset by 
software. 


Now, the baud rates in Modes 1 and 3 are 
determined by Timer 2's overflow rate as 
follows: 


Modes 1,3 Baud Rate = 
(Timer 2 Overflow Rate) 116 


The Timer can be configured for either "time(' 
or "counter" operation. In the most typical 
applications, it is configured for "timer" 
operation (C1T2 = 0). "Timer" operation is a 
little different for Timer 2 when it's being used 
as a baud rate generator. Normally, as a 
timer it would increment every machine cycle 
(thus at 1112 the oscillator frequency). As a 
baud rate generator, however, it increments 
every state time (thus at 1/2 the oscillator 


frequency). In that case the baud rate is 
given by the formula: 


Modes 1,3 Baud Rate = 
(Oscillator Frequency) I (32 x (65536 • 
(RCAP2H, RCAP2L)) 


where (RCAP2H, RCAP2L) is the content of 
RCAP2H and RCAP2L taken as a 16-bit 
unsigned integer. 


Timer 2 as a baud rate generator is shown in 
Figure 11. This Figure is valid only if RTCLK 
= 1 in T2CON. Note that a rollover in TH2 
does not set TF2, and will not generate an 
interrupt. Therefore, the Timer 2 interrupt 
does not have to be disabled when Timer 2 is 
in the baud rate generator mode. Note too, 
that if EXEN2 is set, a 1-to-0 transition in 
T2EX will set EXF2 but will not cause a 
reload from (RCAP2H, RCAP2L) to (TH2, 
TL2). Thus when Timer 2 is in use as a baud 
rate generator, T2EX can be used as an 
extra external interrupt, if desired. 


It should be noted that when Timer 2 is 
running (TR2 = 1) in 'timer" function in the 
baud rate generator mode, one should not try 
to read or write TH2 or TL2. Under these 
conditions the Timer is being incremented 
every state time, and the results of a read or 
write may not be accurate. The RCAP 
registers may be read, but shouldn't be 
written to, because a write might overfap a 
reload and cause write and/or reload errors. 
Turn the Timer off (clear TR2) before 
accessing the Timer 2 or RCAP register, in 
this case. 


BAUD RATE 
fosc (MHz) 
SMOD 
elT 
TIMER 1 MODE 
RELOAD VALUE 


Mode a Max: 1MHz 
12 
X 
X 
X 
X 


Mode 2 Max: 375K 
12 
1 
X 
X 
X 


Mode 1, 3: 62.5K 
12 
1 
a 
2 
FFH 


19.2K 
11.059 
1 
a 
2 
FDH 


9.6K 
11.059 
a 
a 
2 
FDH 


4.8K 
11.059 
a 
a 
2 
FAH 


2.4K 
11.059 
a 
a 
2 
F4H 


1.2K 
11.059 
a 
a 
2 
E8H 


137.5K 
11.986 
a 
a 
2 
1DH 


110 
6 
a 
a 
2 
72H 


110 
12 
a 
a 
1 
FEEBH 


I~------ 
NOTE: ose. FREQ. 
IS DIVIDED 
BY 2, NOT 12 


TlMER 
1 


OVERFLOW 


~ -"i 
- - SMOD 


"1" 
":-] 


TRANsmON 


~ 


ETECTOR 


T2EX 
PIN 
~ 
I ~~--_._~ 
- 
"TIMER 
2 
---=== 
~ 
~ 
INTERRUPT" 


CONTROL 
I 
/ 


12.7 
Interrupt System 
External events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronous to execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution, a multiple-source, 
two-priority-Ievel, nested interrupt system is 
provided. The 83CL781/83CL782 
acknowledges interrupt requests from fifteen 
sources as follows: 
- INTOthrough INT9 


- Timer 0, Timer 1, and Timer 2 


- 12Cbus serial 1/0 


- UART 


Each interrupt vectors to a separate location 
in program memory for its service routine. 
Each source can be individually enabled or 
disabled by corresponding bits in the Interrupt 
Enable Registers (lEND, IEN1). The priority 
level is selected via the Interrupt Priority 
register (IPO, IP1). All enabled sources can 
be globally disabled or enabled. 


12_7.1 
External 
Interrupts 
INT2I1NT9 
Port 1 lines serve an alternative purpose as 
seven additional interrupts INT2to INT9. 
When enabled, each of these lines may 
"wake-up" the device from Power-down 
mode. Using the IX1 register, each pin may 


be initialized to either active HIGH or LOW. 
IRQ1 is the interrupt request flag register. 
Each flag, if the interrupt is enabled, will be 
set on an interrupt request but must be 
cleared by software, i.e., via the interrupt 
software or when the interrupt is disabled. 


The port 1 interrupts are level sensitive. 
A 


port 1 interrupt will be recognized when a 
level (HIGH or LOW depending on Interrupt 
Polarity Register IX1) on P1x is held active 
for at least one machine cycle. The Interrupt 
Request is not served until the next machine 
cycle. 
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- 
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Interrupt 
Enable Register 
Interrupt 
Priority 
Register 
Interrupt 
Polarity 
Register 
IEND,IEtI1 
IPD,IP1 
IX1 


IENO (ABH) 


~ 


.!ill 
rrM.eQJ. 
FUNCTION 
.!ill 
.sYM.6.Q.!. 
FUNCTION 
Writing either a "1" or "0" to an IX1 register bit 
sets the polarity level of the corresponding 
IENO.7 
EA 
General enable! 
IPO.7 
Unused 
external interrupt to active HIGH or LOW 
disable control 
IPO.6 
PT2 
TImer 2 interrupt 
respectively. 
o = no interrupt is 
priority level 
BIT 
SYMBOL 
FUNCTION 
enabled; 
1=any individually 
IPO.5 
PS1 
12Cinterrupt priority 
IX1.7 
IL9 
External interrupt 9 
enabled interrupt 
level 
polarity level 
will be accepted 
IPO.4 
PSO 
UART SIO interrupt 
IX1.6 
IL8 
External interrupt 8 
IENO.6 
ET2 
Enable T2 interrupt 
priority level 
polarity level 
IENO.5 
E51 
Enable 12Cinterrupt 
IPO.3 
PT1 
TImer 1 interrupt 
IX1.5 
IL7 
External interrupt 7 
IENO.4 
ESO 
Enable UART 510 
priority level 
polarity level 
interrupt 
IPO.2 
PX1 
External interrupt 1 
IX1.4 
IL6 
External interrupt 6 
IENO.3 
ET1 
Enable Timer T1 
priority level 
polarity level 
interrupt 
IPO.1 
PTO 
TImer 0 interrupt 
IX1.3 
IL5 
External interrupt 5 
IENO.2 
EX1 
Enable external 
priority level 
polarity level 
interrupt 1 
IPO.O 
PXO 
External interrupt 0 
IX1.2 
IL4 
External interrupt 4 
IENO.1 
ETO 
Enable TImer TO 
priority level 
polarity level 
interrupt 


IX1.1 
IL3 
External interrupt 3 
IENO.O 
EXO 
Enable external 
polarity level 
interrupt 0 


IX1.0 
IL2 
External interrupt 2 
polarity level 
IEN1 (EBH) 


~ 
Interrupt 
Request 
Flag Register 
.!ill 
.~ 
FUNCTION 
.!ill 
.sYM.6.Q.!. 
FUNCTION 
IRQ1 


IEN1.7 
EX9 
Enable external 
IP1.7 
PX9 
External interrupt 9 
interrupt 9 
priority level 


IEN1.6 
EX8 
Enable external 
IP1.6 
PX8 
External interrupt 8 
interrupt 8 
priority level 


BIT 
SYMBOL 
FUNCTION 
IEN1.5 
EX7 
Enable external 
IP1.5 
PX7 
External interrupt 7 
IR01.7 
109 
External interrupt 9 
interrupt 7 
priority level 
request flag 
IEN1.4 
EX6 
Enable external 
IP1.4 
PX6 
External interrupt 6 
iR01.6 
108 
External interrupt 8 
interrupt 6 
priority level 
request flag 
IEN1.3 
EX5 
Enable external 
IP1.3 
PX5 
External interrupt 5 
IR01.5 
107 
External interrupt 7 
interrupt 5 
priority level 
request flag 


IEN1.2 
EX4 
Enable external 
IP1.2 
PX4 
External interrupt 4 
IR01.4 
106 
External interrupt 6 


interrupt 4 
priority level 
request flag 


IEN1.1 
EX3 
Enable external 
IP1.1 
PX3 
External interrupt 3 
IR01.3 
105 
External interrupt 5 


interrupt 3 
priority level 
request flag 


IEN1.0 
EX2 
Enable external 
IP1.0 
PX2 
External interrupt 2 
IR01.2 
104 
External interrupt 4 


interrupt 2 
priority level 
request flag 


IR01.1 
103 
External interrupt 3 


where 0 = in ·errupt disabled 
Interrupt priority is as follows: 
request flag 


IR01.0 
102 
External interrupt 2 
1 = in errupt enabled 
o = low priority 
request flag 


1 = high priority 


12.7.2 
Interrupt 
vectors 


(highest) 
~ 
XO 
0003H 
S1 
002BH 
X5 
0053H 
TO 
OOOBH 
T2 
0033H 
X6 
005BH 


X1 
0013H 
X2 
003BH 
X7 
0063H 


T1 
001BH 


X3 
0043H 


X8 
006BH 


SO 
0023H 


X4 
004BH 


X9 
0073H 
(lowest) 


12.7.2.1 
Interrupt 
Priority 


Each interrupt priority source can be set to 
either high or low priority. If both priorities are 
requested simultaneously, the controller will 
branch to the high priority vector. 


A low priority interrupt can only be interrupted 
by a high priority interrupt. A high priority 
interrupt routine cannot be interrupted. 


~ 
external/O 
12Cport 
external 5 
timer 0 
timer 2 
external 6 
external 1 
external 2 
external 7 
timer 1 
external 3 
externai 8 
UART 
external 4 
external 9 


r 
C2j 


12.7.3 
Related registers 
The following registers are used in 
conjunction with the interrupt system: 


SFR 
REGISTER 
FUNCTION 
ADDRESS 


IX1 
Interrupt polarity 
E9H 
register 
IRQ1 
Interrupt request 
COH 
flag register 
IENO 
Interrupt enable 
A8H 
register 
IEN1 
Interrupt enable 
E8H 
register (INT2-INT9) 
IPO 
Interrupt priority 
B8H 
register 
IP1 
Interrupt priority 
F8H 
register (INT2-INT9) 


12.8 
Oscillator Circuitry 
The on-chip oscillator circuitry of the 
83CL781/83CL782 is a single-stage inverting 
amplifier biased by an internal feedback 
resistor (Figure 14). For operation as a 
standard quartz oscillator, no external 
components are needed (except at 32kHz). 
When using external capacitors, ceramic 
resonators, coils and RC networks to drive 
the oscillator, five different configurations are 
supported (see Figure 15 and oscillator 
options). 


TO INTERNAL 
TIMING 
CIRCUITS 


In the Power-down mode the oscillator is 
stopped and XTAL 1 is pulled HIGH. The 
oscillator inverter is switched off to ensure no 
current will flow regardless of the voltage at 
XTAL1. To drive the device with an external 
clock source, apply the external clock signal 
to XTAL1, and ieave XTAL2 to float, as 
shown in Figure 15(f). There are no 
requirements on the duty cycle of the 
external clock, since the input to the internal 
clocking circuitry is buffered by a flip-flop. 


The following options are provided for 
optimum on-chip oscillator performance. 
Please state option when ordering. 


12.8.1 
Oscillator 
options 
(see Figure 15) 


Osc.1: 
Figure 15(c). An option for 32kHz 
clock applications with external 
trimmer for frequency adjustment. A 
4.7MQ bias resistor is needed for 
use in parallel with the crystal. 


Osc.2: 
Figure 15(e). An option for 
low-power, low-frequency operations 
using LC components. 


Osc.3: 
An option for medium frequency 
range applications. 


Osc.4: 
An option for high frequency range 
applications. 


RC: 
Figure 15(g). An option for an RC 
oscillator. 


Cl EXT. (pF) 
C2 EXT. (pF) 
MAX. RESONATOR 
RESON/,TOR 
f(MHz) 
OPTION 
SERIES RESISTANCE 


MIN 
MAX 
MIN 
MAX 
15kO 1 


Quarz 
0.032 
Osc.l 
0 
0 
5 
15 
6000 


Quarz 
1.0 
Osc.2 
0 
30 
0 
30 
1000 


Quarz 
3.58 
Osc.2 
0 
15 
0 
15 
750 


Quarz 
4.0 
Osc.2 
0 
20 
0 
20 
600 


Quarz 
6.0 
Osc.3 
0 
10 
0 
10 
600 


Quarz 
10.0 
Osc.4 
0 
15 
0 
15 
400 


Quarz 
12.0 
Osc.4 
0 
10 
0 
10 
200 


PXE 
0.455 
Osc.2 
40 
50 
40 
50 
1000 


PXE 
1.0 
Osc.2 
15 
50 
15 
50 
100 


PXE 
3.58 
Osc.2 
0 
40 
0 
40 
100 


PXE 
4.0 
Osc.2 
0 
40 
0 
40 
50 


PXE 
6.0 
Osc.2 
0 
20 
0 
20 
60 


PXE 
10.0 
Osc.3 
0 
15 
0 
15 
60 


PXE 
12.0 
Osc.4 
10 
40 
10 
40 
lOflH=10 


LC 
Osc.2 
20 
90 
20 
90 
lOOflH=50 
lmH=750 


PARAMETER 
OPTION 
SYMBOL 
CONDITION 
MIN 
TYP 
MAX 
UNIT 


Transconductance 
Osc.1 
gm 
T = +25°C, Voo = 4.5V 
- 
15 
- 
~S 


Osc.2 
gm 
T = +25°C, Voo = 4.5V 
200 
600 
1000 
~S 


Osc.3 
gm 
T = +25°C, Voo = 4.5V 
400 
1500 
4000 
~S 


Osc.4 
gm 
T = +25°C, Voo = 4.5V 
1000 
4000 
10000 
~S 


Input capacitance 
Osc.1 
C1j 
- 
3.0 
- 
pF 


Osc.2 
C1j 
- 
8.0 
- 
pF 


Osc.3 
C1j 
- 
8.0 
- 
pF 


Osc.4 
C1j 
- 
8.0 
- 
pF 


Output capacitance 
Osc.1 
C2j 
- 
23 
- 
pF 


Osc.2 
C2j 
- 
8.0 
- 
pF 


Osc.3 
C2j 
, 
- 
8.0 
- 
pF 


Osc.4 
C2j 
- 
8.0 
- 
pF 


Output resistance 
Osc.1 
R2 
- 
3800 
- 
kQ 


Osc.2 
R2 
- 
65 
- 
kQ 


Osc.3 
R2 
- 
18 
- 
kQ 


Osc.4 
R2 
- 
5.0 
- 
kQ 
NOTE: 
1. The equivalent circuit data of internal oscillator compares with that of matched crystals. 


12.8.3 
RC Oscillator 
The externally adjustable RC-oscillator has a 
frequency range from 100kHz to 500kHz. 


\ 
r\.. 


i'.~ 


o 0 
2 
4 


RC 
()Js) 


Figure 17. Frequency as a 
Function of RC 


12.9 
Reset Circuitry 


To initialize he 83CL781/83CL782, a reset is 
performed t y either of two methods: 
- via the R:;T pin 


- via a power-on-reset. 


It leaves thE'internal registers as follows: 
~ 
ACC 
B 
DPL 
DPH 
IEO 
IE1 
IPO 
IP1 
IX1 
IRQ1 
PCH 
PCL 
PCON 
PO- P3 
SOBUF 
SOCON 
S1ADR 
S1CON 
S1DAT 
S1STA 
SP 
TCON 
T2CON 
T3 
THO, TH1, TH2 
TLO, TL1, 
"L2 
TMOD 
PSW 
RCAP2L 
RCAP2H 


Content 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
XXOO0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
OXXO0000 
1111 1111 
XXXXXXXX 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
1111 1000 
0000 0111 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 


The reset state of the port pins is 
mask-programmable and can therefore be 
defined by the user. The standard reset value 
for port PO-P3 is 1111 1111. 


The reset input to the 83CL781/83CL782 
is 


RST pin 15. A Schmitt trigger qualifies the 
input for noise rejection. The output of the 
Schmitt trigger is sampled by the reset 
circuitry every machine cycle. 


A reset is accomplished by holding the RST 
pin HIGH for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. The CPU responds by generating an 
internal reset. Port pins adopt their reset state 
immediately after RST goes HIGH. During 
reset ALE and PSEN are held HIGH. 


The external reset is asynchronous to the 
internal clock. The RST pin is sampled during 
State 5, Phase 2 of every machine cycle. 
After a HIGH is detected at the RST pin, an 
internal reset is repeated every cycle until 
RST goes LOW. 


The internal RAM is not affected by reset. 
When V00 is turned on the RAM contents are 
indeterminate. 


1.9.1 Power-on 
reset 
The 83CL781/83CL782 contains on-chip 
circuitry which switch the port pins to the 


ff 


customer defined logic level as soon as V00 
exceeds 1.3V. As soon as the minimum 
supply voltage is reached, the oscillator will 
start up. However, to ensure that the 
oscillator is stable before the controller starts, 
the clock signals are gated away from the 
CPU for a further 1536 oscillator periods. 


A hysteresis of approximately 50mV at a 
typical power-on switching level of 1.3V will 
ensure correct operation. 


The on-chip Power-on reset circuitry can also 
be switched off via the mask option "OFF". 
This option reduces the Power-down current 
to typically 800nA and can be chosen if 
external reset circuitry is used. 


An automatic reset can be obtained at 
power-on by connecting the RST pin to Voo 
via a 10IlF capacitor. At power-on, the 
voltage on the RST pin is equal to Voo minus 
the capacitor voltage, and decreases from 
Voo as the capacitor discharges through the 
internal resistor RRSTto ground. The larger 
the capacitor, the more slowly VRST 
decreases. VRSTmust remain above the 
lower threshold of the Schmitt trigger long 
enough to effect a complete reset. The time 
required is the oscillator start-up time, plus 2 
machine cycles. 


Vcc 
83CL781 
83CL782 


RST 


ABSOLUTE 
MAXIMUM 
RATINGS 


Limiting valLes in accordance with the Absolute Maximum System (IEC 134) 


LIMITS 


SYMBO. 
PARAMETER 
MIN 
MAX 
UNIT 


Voo 
Supply voltage 
-0.5 
6.5 
V 


VI 
All input voltages 
-0.5 
Voo+0.5 
V 


11.10 
DC current into any input or output 
- 
5 
mA 


Plot 
Total power dissipation 
- 
300 
mW 


Tslg 
Storage temperature range 
-65 
+150 
°C 


Tamb 
Operating ambient temperature range 
-40 
+85 
°C 


Tj 
Operating junction temperature 
- 
125 
°C 


DC ELECTRICAL 
CHARACTERISTICS 
(83CL781) 
voo = 1 8V to 6V; VSS = OV;Tamb= -40'C to +85'C, all voltages with respect to Vss unless otherwise specified. 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Supply Voltage 


Voo 
Supply voltage 
1.8 
- 
6.0 
V 


RAM retention voltage in power-down mode 
1.0 
- 
6.0 
V 


Supply Current 


100 
Operating (note 1) 
Voo = 5V; felk= 12 MHz 
- 
17 
25 
mA 


VDO= 3V; fe1k= 3.58 MHz 
- 
204 
5 
mA 


Idle mode (note 2) 
Voo = 5V; fe1k= 12 MHz 
- 
5.1 
12 
mA 


VDO= 3V; felk= 3.58 MHz 
- 
0.75 
3 
mA 


Ipo 
Power-down mode (note 3) 
Voo = 1.8V; Tamb= 25'C 
- 
- 
10 
ItA 


Inputs (note 6) 


VIL 
Input voltage LOW 
Vss 
- 
0.3Voo 
V 


VIH 
Input voltage HIGH 
0.7Voo 
- 
Voo 
V 


±Iu 
Input leakage current (port PO,EA) 
Vss < VI < Voo 
- 
- 
10 
I'A 


Outputs 


IOL 
Output sink current LOW, except SDA, SCL 
Voo = 5V; VOL= 0.4V 
1.6 
- 
- 
mA 


Voo = 2.5V; VOL= 0.4V 
0.7 
- 
- 
mA 


Output sink current, SDA, SCL 
Voo = 5V; VOL= 0.4V 
3.0 
- 
- 
mA 


-IOH 
Output source current HIGH, push-pull options only 
Voo = 5V; VOH= Voo-Oo4V 
1.6 
- 
- 
mA 


Voo = 2.5V; VOH= Voo-Oo4V 
0.7 
- 
- 
mA 


-IlL 
Input current logic 0 
Voo = 5V; VIN= Oo4V 
- 
- 
100 
I'A 


Voo = 2.5V; VIN= Oo4V 
- 
- 
50 
I'A 


-ITL 
Input current logic 0, 1-to-0 transition 
Voo = 5V; V1N= VorJ2 
- 
- 
1.0 
mA 


Voo = 2.5V; VIN = VorJ2 
- 
- 
500 
ItA 


RRST 
RST pull-down resistor 
10 
- 
200 
kCl 


NOTES: 
1. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with t, = tf = 10ns; VIL = Vss; VIH = Voo; 
XTAL2 not connected; EA = RST + Port 0 = Voo. 
2. The idle mode supply current is measured with all output pins disconnected; XTAL1 driven with t, = tf = 10ns; VIL = Vss; VIH = Voo; 


XTAL2 not connected; EA = Port 0 = Voo. 
3. The power-down current is measured with all output pins disconnected; XTAL 1 not connected; EA = Port 0 = Voo; RST = VSS. 
4. 
Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the LOW level output voltage of ALE, 
Port 1 and Port 3 pins when these pins make a 1-to-0 transition during bus operations. In the most adverse conditions (capacitive loading 
>1OOpF)the noise pulse on the ALE line may exceed 0.8V. In this event it may be required to qualify ALE with a Schmitt trigger, or use an 
address latch with a Schmitt trigger strobe input. 


5. 
Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALE and PSEN to momentarily fall below the 0.9% of 
Voo specification when the address bits are stabilizing. 
6. The input threshold voltage of P1.6/SCL and P1.7/SDA meet the 12C-bus specification, so an input voltage below 0.3Voo will be recognized 
as a logic 0, while an input voltage above 0.7Voo will be recognized as a logic 1. 


7. 
Circuits with Power-on Reset option "Off" are tested at Voo minimum = 1.8V; 
with option "On" (typically 1.3V) are tested at Voo minimum = 2.3V. 


DC ELECTRICAL 
CHARACTERISTICS 
(83CL782) 


voo 
- 
1 8V 10 6V' VSS = OV' Tamb = -25°C 
to +55°C, 
all voltages 
with 
respect 
to Vss; 
unless 
otherwise 
specified. 
- 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Supply 
Voltage 


VDD 
Supply 
voltage 
1.8 
- 
6.0 
V 


RAM 
retention 
voltage 
in power-down 
mode 
1.0 
- 
6.0 
V 


Supply 
Current 


IDD 
Operating 
(note 
1) 
VDD = 3.1V; 
fclk = 12MHz 
- 
8.4 
12 
mA 


VDO = 3V; fclk = 3.58MHz 
- 
2.4 
5 
mA 


Idle mode 
(note 
2) 
VDD = 3.1V; 
fclk = 12MHz 
- 
2.7 
5 
mA 


V DD = 3V; fclk = 3.58MHz 
- 
0.75 
3 
mA 


IpD 
Power-down 
mode 
(note 
3) 
VDO = 1.8V; 
Tamb = 25°C 
- 
- 
10 
f!A 


Inputs 
(note 
6) 


V1l 
Input 
voltage 
LOW 
! 
Vss 
- 
0.3VDD 
V 


VIH 
Input 
voltage 
HIGH 
0.7VDD 
- 
VDD 
V 


±ILI 
Input 
leakage 
current 
(port 
0, 81) 
Vss 
< VI < VDD 
- 
- 
10 
f!A 


Outputs 


IOl 
Output 
sink 
current 
LOW, 
except 
SDA, 
SCL 
VOO = 5V; VOL = OAV 
1.6 
- 
- 
mA 


VOD = 2.5V; 
VOL = OAV 
0.7 
- 
- 
mA 


Output 
sink 
current, 
SDA, 
SCL 
VDD = 5V 
VOL = OAV 
3.0 
- 
- 
mA 


-IOH 
Output 
source 
current 
HIGH, 
push-pull 
options 
only 
VDD = 5V; VOH =VDD -{JAV 
1.6 
- 
- 
mA 


VDD = 2.5V; 
VOH =VDD -{JAV 
0.7 
- 
- 
mA 


-Ill 
Input 
current 
logic a 
VDD = 5V; VIN = OAV 
- 
- 
100 
f!A 


Voo 
= 2.5V; 
VIN = 0.4V 
- 
- 
50 
f!A 


-IITl 
Input 
current 
logic 
0, 1-10-0 transition 
VDD = 5V; VIN = VDo/2 
- 
- 
1.0 
mA 


VDO = 2.5V; 
VIN = VDD/2 
- 
- 
500 
f!A 


RRST 
RST 
pull-down 
resistor 
10 
- 
200 
kll 


NOTES: 
1. 
The 
ope -ating supply 
current 
is measured 
with 
all output 
pins 
disconnected; 
XTAL 1 driven 
with 
t, = tf = 1Ons; Vil 
= Vss; 


VIH = VDD; XTAL2 
not connected; 
81 = RST 
+ Port a = VDD. 
2. 
The 
idle 
mode 
supply 
current 
is measured 
with 
all output 
pins 
disconnected; 
XTAL 1 driven 
with 
t, = tf = 10ns; 
Vil 
= Vss; 
VIH = VDD; 
XTAL2 
not connected; 
81 = Port a = VDD. 


3. 
The 
po~er-down 
current 
is measured 
with 
all output 
pins 
disconnected; 
XTAL 1 not connected; 
81 = Port a = VDD; RST 
= Vss. 
4. 
Capacitil/e 
loading 
on Port a and 
Port 
2 may 
cause 
spurious 
noise 
pulses 
to be superimposed 
on the LOW 
level 
output 
voltage 
of ALE, 
Port 
1 arid 
Port 3 pins when 
these 
pins 
make 
a 1-to-0 
transition 
during 
bus operations. 
In the most 
adverse 
conditions 
(capacitive 
loading 


>100 
pF:1 the noise 
pulse 
on the ALE 
line may 
exceed 
0.8V. 
In this event 
it may 
be required 
to qualify 
ALE 
with 
a Schmitt 
trigger, 
or use an 
address 
latch 
with 
a Schmitt 
trigger 
strobe 
input. 


5. 
Capaciti'/e 
loading 
on Port a and 
Port 
2 may 
cause 
the 
HIGH 
level 
output 
voltage 
on ALE 
and 
PSEN 
to momentarily 
fall below 
the 0.9% 
of 
VDD spe :ification 
when 
the address 
bits are stabilizing. 


6. 
The 
inp 
t threshold 
voltage 
of P1.6/SCL 
and 
P1.7/SDA 
meet 
the 
12C-bus 
specification, 
so an input 
voltage 
below 
0.3Voo 
will be recognized 
as a log;: 
0, while 
an input 
voltage 
above 
0.7VDD 
will be recognized 
as a logic 
1. 
7. 
Circuits 
vith Power-on 
Reset 
option 
"Off" 
are tested 
at VDDminimum 
= 1.8V; 


with 
optim 
"On" 
(typically 
1.3V), 
they 
are tested 
at VDD minimum 
= 2.3V. 


15.0 
AC CHARACTERISTICS 


AC ELECTRICAL CHARACTERISTICS (83CL781) 
voo = 5V; Vss = OV;Tamb= -40·C to +85·C; Cl = 50pF for Port 0, ALE and 15SEIiI;Cl = 80pF for all other outputs unless otherwise specified. 


12MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


Program 
Memory (see Figure 21) 


tll 
ALE pulse duration 
127 
- 
2tCK-40 
- 
ns 


tAL 
Address set-up time to ALE 
43 
- 
lcK-40 
- 
ns 


tLA 
Address hold time after ALE 
48 
- 
lcK-35 
- 
ns 


tlC 
Time from ALE to control pulse PSEN 
58 
- 
lcK-25 
- 
ns 


tliV 
Time from ALE to valid instruction input 
- 
233 
- 
4tCK-100 
ns 


tcc 
Control pulse duration PSEN 
215 
- 
3tCK-35 
- 
ns 


tCIV 
Time from PSEN to valid instruction input 
- 
125 
- 
3tCK-125 
ns 


tCI 
Input instruction hold time after PSEN 
0 
- 
0 
- 
ns 


tCIF 
Input instruction float delay after PSEN 
- 
63 
- 
tCK-20 
ns 


tAC 
Address valid after PSEN 
75 
- 
tCK-8 
ns 


tAIV 
Address to valid instruction input 
- 
302 
- 
5lcK-115 
ns 


tAFC 
Address float time to PSEN 
12 
- 
0 
- 
ns 


AC ELECTRICAL CHARACTERISTICS (83CL781) 
Voo = 5V; vss = OV;Tamb= -40·C to +85·C; Cl = 50pF for Port 0; ALE and PSEN, Cl = 40pF for all other outputs unless otherwise specified. 


12MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


External 
Data Memory (see Figures 22 and 23) 
'" 


tRR 
RD pulse duration 
400 
- 
6lcK-100 
- 
ns 


tww 
WR pulse duration 
400 
- 
6lcK-100 
- 
ns 


tLA 
Address hold time after ALE 
- 
48 
- 
lcK-35 
- 
ns 


tRO 
RD to valid data input 
- 
150 
- 
5lcK-165 
ns 


tOFR 
Data float delay after RD 
- 
97 
- 
2lcK-70 
ns 


tLD 
Time from ALE to valid data input 
- 
517 
- 
8lcK-150 
ns 


tAO 
Address to valid data input 
- 
585 
- 
9lcK-165 
ns 


tlW 
Time from ALE to RD and WR 
200 
300 
3tCK-50 
3lcK+50 
ns 


tAw 
Time from address to RD or WR 
203 
- 
4 
- 
ns 


tWHlH 
Time from RD or WR HIGH to 
lcK-130 


ALE HIGH 
43 
123 
lcK-40 
lcK+40 
ns 


towx 
Data valid to WR transition 
23 
- 
lcK-60 
- 
ns 


tow 
Data set-up time before WR 
433 
- 
7lcK-150 
- 
ns 


two 
Data hold time after WR 
33 
- 
lcK-50 
- 
ns 


tAFR 
Address float delay after RD 
- 
12 
- 
12 
ns 


NOTE TO THE AC CHARACTERISTICS: 
1. Interfacing the 83CL781 to devices with float times up to 75ns is permitted. This limited bus contention will not cause damage to Port 0 
drivers. 


AC ELECTRICAL CHARACTERISTICS (83CL782) 
Voo = 5V; vss = OV;Tamb = -25'C to +55'C; CL = 50pF for Port 0, ALE and P"SEI\I;CL = 80pF for all other outputs unless otherwise specified. 


12MHzCLOCK 
VARIABLE CLOCK 


SYMBOl. 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


Program 
Memory (see Figure 21) 


fCL 
Clock frequency (Voo = 2.7V) 
32kHz 
12MHz 
- 
- 


tLL 
ALE pulse duration 
127 
- 
2tCK-40 
- 
ns 


tAL 
Address set-up time to ALE 
43 
- 
teK-40 
- 
ns 


tLA 
Address hold time after ALE 
48 
- 
teK-35 
- 
ns 


tLC 
Time from ALE to control pulse P"SEI\I 
58 
- 
teK-25 
- 
ns 


tLiV 
Time from ALE to valid instruction input 
- 
233 
- 
4tCK-100 
ns 


tcc 
Control pulse duration P"SEI\I 
215 
- 
3tCK-35 
- 
ns 


tCIV 
Time from P"SEI\Ito valid instruction input 
- 
125 
- 
3tCK-125 
ns 


tCI 
Input instruction hold time after P"SEI\I 
0 
- 
0 
- 
ns 


telF 
Input instruction float delay after P"SEI\I 
- 
63 
- 
tCK-20 
ns 


tAC 
Address valid after P"SEI\I 
75 
- 
tCK-8 
- 
ns 


tAIV 
Address to valid instruction input 
- 
302 
- 
5teK-115 
ns 


tAFC 
Address float time to P"SEI\I 
12 
- 
0 
- 
ns 


AC ELEGTRICAL CHARACTERISTICS (83CL782) 
Voo = 5V; Vss = OV;Tamb = -25'C to +55'C; CL = 50pF for Port 0; ALE and P"SEI\I,CL = 40pF for all other outputs unless otherwise specified. 


12MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


Exterm 
J Data Memory (see Figures 22 and 23) 


tAA 
RD pulse duration 
400 
- 
6teK-100 
- 
ns 


tww 
WR pulse duration 
400 
- 
6tCK-100 
- 
ns 


tLA 
Address hold time after ALE 
48 
- 
tCK-35 
- 
ns 


tAO 
RD to valid data input 
- 
150 
- 
5teK-165 
ns 


tOFA 
Data float delay after RD 
- 
97 
- 
2teK-70 
ns 


tLD 
Time from ALE to valid data input 
- 
517 
- 
8tCK-150 
ns 


tAO 
Address to valid data input 
.. 
- 
585 
- 
9tCK-165 
ns 


tLW 
Time from ALE to RD and WR 
200 
300 
3tCK-50 
3tCK+50 
ns 


tAW 
Time from address to RD or WR 
203 
- 
4 
- 
ns 


tWHLH 
Time from RD or WR HIGH to 
tCK-130 
ALE HIGH 
43 
123 
tCK-40 
tCK+40 
ns 


towx 
Data valid to WR transition 
23 
- 
teK-60 
- 
ns 


tow 
Data set-up time before WR 
433 
- 
7teK-150 
- 
ns 


two 
Data hold time after WR 
33 
- 
teK-50 
- 
ns 


tAFA 
Address float delay after RD 
- 
12 
- 
12 
ns 


NOTE Te, THE AC CHARACTERISTICS: 
1. Interf, cing the 83CL782 to devices with float times up to 75ns is permitted. This limited bus contention will not cause damage to Port 0 


driver.;. 
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Figure 28. 83CL781 Typical Operating 
Current vs. Frequency 


and Voo, Tomb= 25'C, Oscillator 
Option Osc.3 


Figure 30. 83CL782 Typical Operating 


Current vs. Frequency 
and Voo, Tomb= 25°C 


Figure 29. 83CL781 Typical Idle Current vs. Frequency 


and Voo, Tomb= 25'C, Oscillator 
Option Osc.3 


Figure 31. 83CL782 Typical Idle Current 


vs. Frequency 
and Voo, Tomb= 25'C 


CMOS single-chip 
8-bit microcontroller 
with I)n-chip EEPROM 


DESCRIPTION 
The Philips 1I0C851/83C851 is a 
high-perfom ance microcontroller fabricated 
with Philips high-density CMOS technology. 
The 80C851'83C851 
has the same 


instruction So!tas the 80C51. The Philips 
CMOS techliology combines the high speed 
and density ;haracteristics of HMOS with the 
low power altributes of CMOS. The Philips 
epitaxial substrate minimizes latch-up 
sensitivity. 


The 80C851183C851 contains a 4k X 8 ROM 
with mask-pi ogrammable ROM code 
protection, a 128 X 8 RAM, 256 x 8 
EEPROM, 32110 lines, two 16-bit 
counter/timers, a seven-source, five vector, 
two-priority Ilvel 
nested interrupt structure, 


a serial I/~ port for either multi-processor 
communicat ons, I/O expansion or full duplex 
UART, and ( n-chip oscillator and clock 
circuits. 


• 80C51 based architecture 


- 
4kX8 
ROM 


- 
128X8 
RAM 


- Two 16-bit counter/timers 


- 
Full duplex serial channel 


- 
Boolean processor 


• Non-volatile 256 X 8-bit EEPROM 
(electrically erasable programmable read 
only memory) 


- On-chip voltage multiplier for erase/write 


- 
50,000 erase/write cycles per byte 


- 
10 years non-volatile data retentjon 


- 
Infinite number of read cycles 


- 
User selectable security mode 


- 
Block erase capability 


• Mask-programmable 
ROM code protection 


• Memory addressing capability 


- 
64k ROM and 64k RAM 


PO.lIAD1 


PO.21AD2 


PO.31AD3 


PO.41AD4 


PO.51ADS 


PO.61AD6 


PO.7/AD7 


Ell" 


ALE 


P2.7/A15 


P2.61A14 


P2.SlA13 


P2.41A12 


PZ.31All 


PZ.21A10 


P2.1/A9 


PZ.QlAB 


40 


In addition, tle 80C851/83C851 has two 
software selnctable modes of power 
reduction - 
idle mode and power-down 


mode. The illie mode freezes the CPU while 
allowing the RAM, timers, serial port, and 
interrupt sys :em to continue functioning. The 
power-down mode saves the RAM and 
EEPROM c( ntents but freezes the oscillator, 
causing all other chip functions to be 
inoperative. 


• Power control modes: 


- 
Idle mode 


- 
Power-down mode 


• CMOS and TIL compatible 


.1.2 
to 16MHz 


• Three package styles 


• Three temperature ranges 


• ROM code protection 


CMOS single-chip 
8-bit microcontroller 


with on-chip EEPROM 


PHILIPS 


j' 


PART ORDER NUMBER 
NORTH AMERICA PHILIPS 


PART MARKING 
PART ORDER NUMBER 


ROMless 
ROM Version 
ROM less 
ROM Version 
TEMPERATURE RANGE 
0C 
FREQ. 
DRAWING 
Version 
Version 
AND PACKAGE 
(MHz) 
NUMBER 


PSOCS51FBP 
PS3CS51 FBP 
SSOCS51-4N40 
SS3CS51-4N40 
o to +70, Plastic Dual In-line Package 
1.2 to 16 
SOT129 


PSOCS51FBA 
PS3CS51 FBA 
SSOCS51-4A44 
SS3CS51-4A44 
o to +70, Plastic Leaded Chip Carrier 
1.2 to 16 
SOT1S7 


PSOCS51FBB 
PS3CS51 FBB 
SSOCS51-4B44 
SS3CS51-4B44 
o to +70, Plastic Quad Flat Pack 
1.2 to 16 
SOT307-2' 
PSOCS51FFP 
PS3CS51 FFP 
SSOCS51-5N40 
SS3CS51-5N40 
-40 to +S5, Plastic Dual In-line Package 
1.2to 16 
SOT129 


PSOCS51FFA 
PS3CS51 FFA 
SSOCS51-5A44 
SS3CS51-5A44 
-40 to +S5, Plastic Leaded Chip Carrier 
1.2 to 16 
SOT1S7 


PSOCS51FFB 
PS3CS51 FFB 
SSOCS51-5B44 
SS3CS51-5B44 
-40 to +S5, Plastic Quad Flat Pack 
1.2 to 16 
SOT307-2' 
PSOCS51FHP 
PS3CS51 FHP 
SSOCS51-6N40 
SS3CS51-6N40 
-40 to +125, Plastic Dual In-line Package 
1.2 to 16 
SOT129 


PSOCS51FHA 
PS3CS51 FHA 
SSOCS51-6A44 
SS3CS51-6A44 
-40 to +125, Plastic Leaded Chip Carrier 
1.2to 16 
SOT1S7 


PSOCS51FHB 
PS3CS51 FHB 
SSOCS51-6B44 
SS3CS51-6B44 
-40 to +125, Plastic Quad Flat Pack 
1.2to 16 
SOT307-2' 


FREQUENCY 
REFERENCE 
,---'-----, 


XTAL2 
XTALl 


COUNTERS 
,---'-----, 


TO 
T1 


----------1 


1 


1 


1 


1 


1 
I 


1 


PROGRAM 
MEMORY 
(4K x 8 ROM) 


DATA 
MEMORY 
(128 x 8 RAM) 


Iii 


---j---------- 


IRT1l 
JmT 
'-----;----J 


EXTERNAL 
INTERRUPTS 


Philips Se~liconduclors Microconlroller Products 
Product specification 


CMOS single-chip 8-bit microcontrolier 
80C851/83C851 
with ::>n-chipEEPROM 


PLASTIC; LEADED 
CHIP CARRIER 
PLASTIC 
QUAD FLAT PACK 


PIN FUNCTIONS 
PIN FUNCTIONS 


40 
44 
34 


7[ 
39 
33 


17[ 
29 
11 
23 


18 
28 


12 
22 


Pin 
I unction 
Pin 
Function 
Pin 
Function 
Pin 
Function 


1 
IIC 
23 
NC 
1 
Pl.5 
23 
P2.5/A13 


2 
f'1.0 
24 
P2.0/A8 
2 
P1.6 
24 
P2.6/A14 


3 
P',1 
25 
P2.1/A9 
3 
Pl.7 
25 
P2.7/A15 


4 
F'1.2 
26 
P2.2fAl0 
4 
AST 
26 
I'SEIiI 


5 
'1.3 
27 
P2.31Al1 
5 
P3.0/RxD 
27 
ALE 


6 
"1.4 
28 
P2.41A12 
6 
NC 
28 
NC 


7 
"'.5 
29 
P2.5/A13 
7 
P3.1fTxD 
29 
EJ\ 


8 
1'1.6 
30 
P2.61A14 
8 
P3.2JffiTO 
30 
PO.l/AD7 


9 
1'1.7 
31 
P2.7/A15 
9 
P3.3IINTl 
31 
PO.61AD6 


10 
liST 
32 
I'SEIiI 
10 
P3.4fTO 
32 
PO.51AD5 


11 
"3.OIRxD 
33 
ALE 
11 
P3.5fTl 
33 
PO.4/AD4 


12 
IIC 
34 
NC 
12 
P3.6IWR 
34 
PO.31AD3 


13 
"3.1fTxD 
35 
EJ\ 
13 
P3.7RD 
35 
PO.21AD2 


14 
1'3.2J'1'NTO 
36 
PO.l/AD? 
14 
XTAl2 
36 
PO.l/ADl 


15 
1'3.3IINTl 
37 
PO.SlA06 
15 
XTAL1 
37 
PO.O/ADO 


16 
1'3.41T0 
38 
PO.5/AD5 
16 
Vss 
38 
VDD 


17 
1'3.5ITl 
39 
PO.4/AD4 
17 
NC 
39 
Vss 
18 
1'3.6IWR 
40 
PO.31AD3 
18 
P2.0/AB 
40 
Pl.D 


19 
1'3.7/FlO 
41 
PO.21AD2 
19 
P2.1/A9 
41 
Pl.l 


20 
;:TAl2 
42 
PO.l/ADl 


20 
P2.2JA10 
42 
Pl.2 


21 
;:TALl 
43 
PO.OIADO 
21 
P2.31Al1 
43 
P1.3 


22 
\/55 
44 
VDD 
22 
P2.4/A12 
44 
Pl.4 
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PIN NO. 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


Vss 
20 
22 
16,39 
I 
Ground: 
OV reference. 


VDD 
40 
44 
38 
I 
Power Supply: This is the power supply voltage for normal, idle, and power-down 
operation. 


PO.O-O.7 
39-32 
43-36 
37-30 
110 
Port 0: Port 0 is an open-drain, bidirectional 110 port. Port 0 pins that have 1s written to 
them float and can be used as high-impedance inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to external program and data memory. 
In this application, it uses strong intemal pull-ups when emitting 1s. 


P1.o-P1.7 
1-8 
2-9 
40-44, 
110 
Port 1: Port 1 is an 8-bit bidirectional 110 port with internal pull-ups. Port 1 pins that have 
1-3 
1s written to them are pulled high by the internal pull-ups and can be used as inputs. As 
inputs, port 1 pins that are externally pUlled low will source current because of the 
internal pull-ups. (See DC Electrical Characteristics: IILl. 


P2.o-P2.7 
21-28 
24-31 
18-25 
110 
Port 2: Port 2 is an 8-bit bidirectional 110 port with internal pull-ups. Port 2 pins that have 
1s written to them are pulled high by the internal pull-ups and can be used as inputs. As 
inputs, port 2 pins that are externally being pulled low will source current because of the 
internal pull-ups. (See DC Electrical Characteristics: IILl. Port 2 emits the high-order 
address byte during fetches from external program memory and during accesses to 
external data memory that use 16-bit addresses (MOVX @DPTR). In this application, it 
uses strong internal pull-ups when emitting 1s. During accesses to external data memory 
that use 8-bit addresses (MOV @Ri), port 2 emits the contents of the P2 special function 
register. 


P3.o-P3.7 
10-17 
11, 
5, 
110 
Port 3: Port 3 is an 8-bit bidirectional 110 port with internal pull-ups. Port 3 pins that have 


13-19 
7-13 
1s written to them are pulled high by the internal pull-ups and can be used as inputs. As 
inputs, port 3 pins that are externally being pulled low will source current because of the 
pull-ups. (See DC Electricai Characteristics: IILl. Port 3 also serves the special features 
of the SC80C51 family, as listed below: 
10 
11 
5 
I 
RxD (P3.0): Serial input port 


11 
13 
7 
0 
TxD (P3.1): Serial output port 


12 
14 
8 
I 
mTO (P3.2): External interrupt 
13 
15 
9 
I 
TflTl (P3.3): External interrupt 
14 
16 
10 
I 
TO (P3.4): Timer 0 external input 


15 
17 
11 
I 
T1 (P3.5): Timer 1 external input 


16 
18 
12 
0 
WR (P3.6): External data memory write strobe 


17 
19 
13 
0 
RO (P3.7): External data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an 
external capacitor to VDD. 


ALE 
30 
33 
27 
110 
Address 
Latch Enable: Output pulse for latching the low byte of the address during an 
access to external memory. In normal operation, ALE is emitted at a constant rate of 1/6 
the oscillator frequency, and can be used for external timing or clocking. Note that one 
ALE pulse is skipped during each access to external data memory. 


f'SEN 
29 
32 
26 
0 
Program 
Store Enable: The read strobe to external ppo~ENmmemory. When the device 


is executing code from the external program memory, 
is activated twice each 


machine cycle, except that two f'SEN activations are skipped during each access to 
external data memory. f'SEN is not activated during fetches from internal program 
memory. 


EA 
31 
35 
29 
I 
External Access 
Enable: If during a RESET, EA is held at TTL, level HIGH, the CPU 
executes out of the internal program memory ROM provided the Program Counter is less 
than 4096. If during a RESET, EA is held a TTL LOW level, the CPU executes out of 
external program memory. EA is not allowed to float. 


XTAL1 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock 


generator circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 2: Output from the inverting oscillator amplifier. 
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Table 1. 
8XC851 
Special 
Function 
Registers 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 


ADDRESS 
MSB 
LSB 
VALUE 


ACC' 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


B' 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


EF 
EE 
ED 
EC 
EB 
EA 
E9 
E8 


DPTR: 
Data pointer 


(2 bytes): 


DPH 
High byte 
83H 
OOH 
DPL 
Low byte 
82H 
OOH 


EADRH# 
EEPROM addr 
F3H 
80H 
reg-high 


EADRL# 
EEPROM addr 
F2H 
OOH 
reg-low 


ECNTRL# 
EEPROM controi reg 
F6H 
IFE 
ECNTR 
OOH 
LO 


EDAT# 
EEPROM data 
F4H 
xxH 
register 


ETIM# 
EEPROM timer 
F5H 
08H 
register 


BF 
B8 


IP' 
Interrupt priority 
B8H 
PXO 
xxxOOOOOB 


AF 
AE 
AD 
AB 
A8 


IE' 
Interrupt enable 
A8H 
EA 
EXO 
OxxOOOOOB 


PO' 
PortO 
80H 
87 
86 
85 
84 
80 
FFH 


P1' 
Port 1 
90H 
97 
96 
95 
94 
90 
FFH 


P2' 
Port 2 
AOH 
A7 
A6 
A5 
A4 
AO 
FFH 


P3' 
Port 3 
BOH 
B7 
B6 
B5 
B4 
B1 
BO 
FFH 


PCON 
Power control 
87H 
SMOD 
IDL 
OxxxOOOOB 


07 
DO 


PSW' 
Program status word 
DOH 
CY 
P 
OOH 


SBUF 
Serial data buffer 
99H 
xxxxxxxxB 


9F 
9E 
9B 
98 


SCON' 
Serial port control 
98H 
SMO 
RI 
OOH 


SP 
Stack pointer 
81H 
07H 


8F 
8E 
8C 
8B 
8A 
88 
OOH 


TCON' 
Timer/counter con- 
88H 
TF1 
ITO 
OOH 
trol 


TMOD 
Timer/counter mode 
89H 
GATE 
MO 
OOH 


THO 
Timer 0 high byte 
8CH 
OOH 


TH1 
Timer 1 high byte 
8DH 
OOH 


TLO 
TImer 0 low byte 
8AH 
OOH 


TL1 
Timer 1 low byte 
8BH 
OOH 


SFRs are bit addressable. 
# 
SFRs are modified from or added to the 80C51 SFRs. 
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EEPROM 
Communications between the CPU and the 
EEPROM is accomplished via 5 special 
function registers; 2 address registers (high 
and low byte), 1 data register for read and 
write operations, 1 control register, and 1 
timer register to adapt the erase/write time to 
the clock frequency. All registers can be read 
and written. Figure 1 shows a block diagram 
of the CPU, the EEPROM and the interface. 


Register and Functional 
Description 


Address 
Register (EADRH, EADRL) 
The lower byte contains the address of one of 
the 256 bytes. The higher byte (EADRH) is 
for future extensions and for addressing the 
security bits (see Security Facilities). The 


EADRH register address is F3H. The EADRL 
register address is F2H. 


Data Register (EDAT) 
This register is required for read and write 
operations and also for row/block erase. In 
write mode, its contents are written to the 
addressed byte (for "row erase" and "block 
erase" the contents are don't care). The write 
pulse starts all operations, except read. In 
read mode, EDAT contains the data of the 
addressed byte. The EDAT register address 
is F4H. 


Timer Register (ETIM) 
The timer register is required to adapt the 
erase/write time to the oscillator frequency. 
The user has to ensure that the erase or write 
(program) time is neither too short or too 
long. 


VALUES FOR ETIM 


fXTAl1 
2ms WRITE TIME 
10ms WRITE TIME 


HEX 
DEC 
HEX 
DEC 


1.0MHz 
- 
- 
08 
8 


2.0MHz 
02 
2 
13 
19 


3.0MHz 
04 
4 
10 
29 


4.0MHz 
06 
6 
28 
40 


5.0MHz 
08 
8 
32 
50 


6.0MHz 
OA 
10 
3C 
60 


7.0MHz 
OC 
12 
47 
71 


8.0MHz 
OE 
14 
51 
81 


9.0MHz 
10 
16 
5C 
92 
10.0MHz 
12 
18 
66 
102 


11.0MHz 
14 
20 
71 
113 
12.0MHz 
16 
22 
7B 
123 
13.0MHz 
18 
24 


14.0MHz 
1A 
26 


15.0MHz 
1C 
28 


16.0MHz 
1E 
30 


The ETIM register address is F5H. Table 2 
contains the values which must be written to 
the ETIM register by software for various 
oscillator frequencies (the default value is 
08H after RESET). 


The general formula is: 


2ms Write time: 


Value (decimal, 
to be rounded up) 
tXTAL1 
[kHz] 
512 
- 2 


fXTAL1 
[kHz] 
96 
- 2 


Control 
Register (ECNTRL) 


See Figure 2 for a description of this register. 
The ECNTRL register address is F6H. 
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ECNTRL.4 
ECCTRL.3- 
ECNTRL.O 


Function 
Active high EEPROM interrupt flag: set by the sequencer or by software; 
reset by software. 
When set and enabled, this flag forces an interrupt to the same vector as the 
seriai port interrupt (see Interrupt section). 
EEPROM interrupt enable: set and reset by software (active high). 
Erase/write in progress flag: set and reset by the sequencer (active high). 
When EWP is set, access to the EEPROM is not possible. EWP cannot be set or 
reset by software. 
Reserved. 
See table below. 


Operation 
ECNTRL.3 
ECNTRL.2 
ECNTRL.1 
ECNTRL.O 


Byte mode 
0 
0 
0 
0 
Row erase 
1 
1 
0 
0 


Page write' 
- 
- 
- 
- 
Page erase/write' 
- 
- 
- 
- 
block erase 
1 
0 
1 
0 


Page write: 


Page erase/write: 


Block erase: 


Normal EEPROM mode, default mode after reset. In this mode, data can be read and 
written to one byte at a time. 


This is the default mode when byte mode is selected. This means that the contents of the 
addressed byte are available in the data register. 


This mode is activated by writing to the data register. The address register must be ioaded 
first. Since the old contents are read first (by default), this allows the sequencer to decide 
whether an erase/write or write cycle only (data = OOH)is required. 


In this mode, the addressed row is cleared. The three LSBs of EADRL are not significant, 
Le. the 8 bytes addressed by EADRL are cleared in the same time normally needed to clear 
one byte (tROWERASE= tE = tw). For the following write modes, only the write and not the 
eraselwrite cycle is required. For example, using the row erase mode, programming 8 bytes 
takes tTOTOAL= tE + 8 x tw compared to tTOTAL= 8 x tE + 8 x tw (tE = tERASE. tw = tWRITE)' 
For future products. 


For future products. 


In this mode all 256 bytes are cleared. The byte containing the security bits is also cleared. 
tSLOCKERASE= tE' The contents of EADRH, EADRL and EDAT are insignificant. 


Program 
Sequences 
and Register Contents 
after Reset 


The contents of the EEPROM registers after a Reset are the default values: 
EADRH 
= 1xxxxxxxB 
(security bit address) 


EADRL 
= OOH 
(security bit address) 


ETIM 
= 08H 
(minimum erase time with the lowest permissible oscillator frequency) 


ECNTRL 
= OOH 
(Byte mode, read) 


EDAT 
= xxH 
(security bit) 


Initialize: 
MOV 
ETIM, . 
MOV 
EADRH, 


Read: 
MOV 
EADRL, . 


MOV 
.. , EDAT 


Write: 
MOV 
EADRL, .. 
MOV 
EDAT,. 


Erase row: 
MOV 
EADRL, .. 
Row address. 3LSBs don't care 
MOV 
ECNTRL, #OCH 
Erase row mode 


MOV 
EDAT, . 
(EDAT) don't care 


Erase block: 
MOV 
ECNTRL, OAH 
Erase block mode 
MOV 
EDAT,.. 
(EDAT) don't care 


If the security bit is to be altered, the program generally starts as follows: 


MOV 
EADRH, #80H 


MOV 
EADRL, #OOH 
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EEPROM Protection 
The EEPROM is protected using four security 
bits which are contained in an extra 
EEPROM byte at address 8000H 
(EADRH/EADRL). They can be set or cleared 
by software. To activate the EEPROM 
protection, the program sequence in byte 
mode must be as follows: 


MOV 
EADRH, #80H 


MOV 
EADRL, #OOH 
MOV 
EDAT, #FFH 


If two or more of these bits are reset, SB = 0, 
the security mode is disabled and the 
EEPROM is not protected. If three or four bits 
are set, SB = 1 and the EA mode differs from 
the internal access mode. 


In this case, access to the EEPROM is only 
possible in one mode regardless of how the 
external access mode is reached (by pulling 


the EA pin low or by passing the 4K 
boundary). For SB = 1 and "external access" 
only, the "block erase" mode is enabled. The 
program sequence has to be as follows: 


MOV 
EADRH, #80H (security byte address) 
MOV 
EADRL, #OOH (security byte address) 
MOV 
ECNTRL, #OAH (block erase mode) 
MOV 
EDAT, #xxH 
(start block erase) 


All 256 data bytes, the security bits, and SB 
will be cleared after completing this mode 
(EWP = 0). SB will also be affected in byte 
mode when writing to the security byte (not 
for SB = 1 and "external access"). Figure 3 
illustrates the access to SB. 
ROM Code Protection 
Since the external access mode can only be 
selected by pUlling the EA pin low during 
reset, it is not possible to read the internal 
program memory using the MOVC instruction 
while executing external program memory. 
Furthermore, it is not possible to change this 


mode to internal access within the MOVe 
cycle. 


Additionally, a mask-programmable 
ROM 


code protection facility is available. When the 
program memory passes the 4K boundary 
using both the internal and external ROMs, it 
is not possible to access the internal ROM 
from the external program memory if the 
mask-programmable 
ROM security bit is set. 


An access to the lower 4K bytes of program 
memory using the MOVC instruction is only 
possible while executing internal program 
memory. 


Also the verification mode (test-mode which 
writes the ROM contents to a port for 
comparison with a reference code) is not 
implemented for security reasons. A different 
test-mode is implemented for test purposes. 
This mode allows every bit to be tested. 
However, the internal code cannot be 
accessed via a port. 


REGISTERS 
EADRH 
AND 
EADRL 
CONTAIN 
THE 


ADDRESS 
OF THE 


SECURITY 
BYTE 
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OSCILLATOR 
CHARACTERISTICS 
XTAL1 and >:TAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be f:onfigured for use as an on-chip 
oscillator, as shown in the logic symbol, 
page 1085. 


To drive the :levice from an external clock 
source, XTA _1 should be driven while XTAL2 
is left unconllected. There are no 
requirement; on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. Hoy/ever, minimum and maximum 
high and 10"1 times specified in the data sheet 
must be observed. 


RESET 
A reset is accomplished by holding the RST 
pin high for ht least two machine cycles (24 
oscillator pe-iods), while the oscillator is 
running. To Insure a good power-up reset, the 
RST pin mu;t be high long enough to allow 
the oscillato' time to start up (normally a few 
millisecond~) plus two machine cycles. At 
power-up, tile voltage on Voo and RST must 
corne up at he same time for a proper 
start-up. 


Note: Befon entering the idle or power-down 
modes, the Jser has to ensure that there is 
no EEPROM erase/write cycle in progress 


(i.e., the EWP bit has to be reset before 
activating the idle or power-down modes; 
otherwise EEPROM accesses will be 
aborted). 


IDLE MODE 
In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued). or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER-DOWN 
MODE 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM and 
EEPROM are preserved. A hardware reset is 
the only way to terminate the power-down 
mode. The control bits for the reduced power 
modes are in the special function register 
PCON. Table 3 shows the state of the I/O 
ports during low current operating modes. 


INTERRUPT 
SYSTEM 


External events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronous to the execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution, a multiple-source, 
two-priority-Ievel, nested interrupt system is 
provided. Interrupt response latency is from 


3~ 
to 7!!s when using a 12MHz crystal. The 


S83C851 acknowledges interrupt requests 
from 7 sources as follows: 
- ll'lTll and ff\lTf: externally via pins 12 and 


13, respectively, 


- TImer 0 and timer 1: from the two internal 
counters, 


- Serial port: from the internal serial I/O port 
or EEPROM (1 vector). 


Each interrupt vectors to a separate location 
in program memory for its service program. 
Each source can be individually enabled (the 
EEPROM interrupt can only be enabled when 
the serial port interrupt is enabled) or 
disabled and can be programmed to a high or 
low priority level. All enabled sources can 
also be globally disabled or enabled. Both 
external interrupts can be programmed to be 
level-activated and are active low to allow 
"wire-ORing" of several interrupt sources to 
one input pin. 


Note: The serial port and EEPROM interrupt 
flags must be cleared by software; all other 
flags are cleared by hardware. 


~IODE 
PROGRAM MEMORY 
ALE 
J5SEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-doY'l1 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-doY'n 
External 
0 
0 
Float 
Data 
Data 
Data 


PARAMETER 
RATING 
UNIT 


Storage te nperature range 
-65 to +150 
°c 


Voltage o~ any other pin to Vss 
--{).5 to +6.5 
V 


Input or oJtput DC current on any single I/O pin 
±5 
rnA 


Power disl.ipation (based on package heat transfer limitations, not device power consumption) 
1.0 
W 


NOTES: 
1. Stresse" above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
function 11 operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 


2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parame ers are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 
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DC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°C to +70oC (VOO= 5V ±10%), -40°C to +85°C (VOO= 5V ±10%), or -40°C to +125°C (VOO= 5V ±10%), VSS = OV 


PART 
TEST 
LIMITS 


SYMBOL 
PARAMETER 
TYPE 
CONDITIONS 
MIN 
MAX 
UNIT 


V1L 
Input low voltage, except EA 
o to +70°C 
--D.S 
0.2Voo--D·1 
V 


-40 to +85°C 
--D.5 
0.2Voo--D·15 
V 


-40 to +125°C 
--D.5 
0.2Voo--D·25 
V 


VIL1 
Input low voltage to EA 
o to +70°C 
--D.5 
0.2Voo--D·3 
V 


-40 to +85°C 
-0.5 
0.2Voo-0.35 
V 
-40 to +125°C 
-0.5 
0.2Voo-0.45 
V 


V1H 
Input high voltage, except XTAL1, RST 
o to +70°C 
0.2Voo+0.9 
Voo+0.5 
V 


-40 to +85°C 
0.2Voo+1.0 
Voo+0.5 
V 


-40 to +125°C 
0.2Voo+1.0 
Voo+0.5 
V 


VIHl 
Input high voltage, XTAL1, RST 
o to +70°C 
0.7Voo 
Voo+0.5 


-40 to +85°C 
0.7Voo+0.1 
Voo+0.5 


-40 to +125°C 
0.7Vo+0.1 
Voo+0.5 


VOL 
Output low voltage, ports 1, 2, 3 6 
IOL= 1.6mA4 
0.45 
V 


Vou 
Output low voltage, port 0, ALE, PS'EN 6 
IOL= 3.2mA4 
0.45 
V 


VOH 
Output high voltage, ports 1,2,3, 
ALE, PS'EN 
IOH=-60~A, 
2.4 
V 


IOH=-25~A, 
0.75Voo 
V 


IOH= -10~A 
0.9Voo 
V 


VOHl 
Output high voltage, port 0 in external bus 
IOH= -800~A, 
2.4 
V 
mode5 
IOH= -300~A, 
0.75Voo 
V 


IOH= -80~A 
0.9Voo 
V 


IlL 
Logical 0 input current, ports 1, 2, 3 
o to +70°C 
VIN = 0.45V 
-50 
~A 


-40 to +85°C 
-75 
~A 


-40 to +125°C 
-75 
~A 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 3 
o to +70°C 
VIN = 2.0V 
-650 
~ 


-40 to +85°C 
-750 
~A 


-40 to +125°C 
-750 
~A 


1L1 
Input leakage current, port 0, EA 
0.45V<Vi<VOO 
±10 
~A 


100 
Power supply current: 
See note 7 


Active mode @ 16MHz 1 
19 
mA 
Idle mode @ 16MHz 2 
3.7 
mA 


Power down mode 3 
50 
~A 


RRST 
Internal reset pUll-down resistor 
50 
150 
kfl 


CIO 
Pin capacitance 
1= 1MHz 
10 
pF 


NOTES: 
1. The operating supply current is measured with all output pins disconnected; XTAL1 driven with t, = tf = 5ns; VIL = Vss +0.5V; 


VIH = Voo - 0.5V; XTAL2 not connected; EA = RST = Port 0 = Voo. 


2. The idle mode supply current is measured with all output pins disconnected; XTAL1 driven with t, = tf = 5ns; VIL = Vss +0.5V; 


V1H= Voo - 0.5V; XTAL2 not connected; EA = Port 0 = Voo; RST = Vss. 
3. The power-down current is measured with all output pins disconnected; XTAL2 not connected; EA = Port 0 = Voo; RST = XTAL1 = Vss. 
4. Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the LOW level output voltage 01ALE, Port 


1 and Port 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make a 1-to-0 
transition during bus operations. In the worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE line may exceed 0.8V. In such 
cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 


5. Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALE and PS'EN to momentarily fall below the 0.9Voo 
specification when the address bits are stabilizing. 
6. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 
Maximum IOLper Port pin: 
10mA 


Maximum IOLper 8-bit port - 


PortO: 
26mA 


Ports 1, 2, and 3: 
15mA 


Maximum total IOLfor all output pins: 
71mA. 


lt IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 


7. See Figures 11 through 14 for 100test conditions. 


CMOS single-chip 
8-bit microcontroller 
with on-chip EEPROM 


16MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1ltcLCL 
4 
Oscillator frequency 
1.2 
16 
MHz 


It.HLL 
4 
ALE pulse width 
85 
2lcLCL-40 
ns 


tAVLL 
4 
Address valid to ALE low 
8 
tCLCL-55 
ns 


It.LAX 
4 
Address hold after ALE low 
28 
tCLCL-35 
ns 


tLLlV 
4 
ALE low to valid instruction in 
150 
4lcLCL-100 
ns 


tLLPL 
4 
ALE low to J5Srn low 
23 
tCLCL-40 
ns 


tPLPH 
4 
J5Srn pulse width 
143 
3tCLCL-45 
ns 


tPLIV 
4 
J5Srn low to valid instruction in 
83 
3tCLCL-105 
ns 


tpXIX 
4 
Input instruction hold after J5Srn 
0 
0 
ns 


tPXIZ 
4 
Input instruction float after J5Srn 
38 
tCLCL-25 
ns 


tAVIV 
4 
Address to valid instruction in 
208 
5tCLCL-105 
ns 


tpLAZ 
4 
J5Srn low to address float 
10 
10 
ns 


Data Memory 


tRLRH 
5,6 
I'm pulse width 
275 
6tCLCL-100 
ns 


tWLWH 
5,6 
WR pulse width 
275 
6tCLCL-100 
ns 


tRLDV 
5,6 
I'm low to valid data in 
148 
5tCLCL-165 
ns 


tRHDX 
5,6 
Data hold after I'm 
0 
0 
ns 


tRHDZ 
5,6 
Data float after I'm 
55 
2lcLCL-70 
ns 


It.LDV 
5,6 
ALE low to valid data in 
350 
8tCLCL-150 
ns 


tAvDV 
5,6 
Address to valid data in 
398 
9lcLCL-165 
ns 


It.LWL 
5,6 
ALE low to I'm or WR low 
138 
238 
3lcLCL-50 
3lcLCL+50 
ns 


tAW 
5,6 
Address to I'm or WR 
120 
4tCLCL-130 
ns 


low 
5,6 
Data setup time before WR 
288 
7tCLCL-150 
ns 


lovwx 
5,6 
Data valid to WR transition 
3 
tCLCL-60 
ns 


tWHQX 
5,6 
Data hold after WR 
13 
tCLCL-50 
ns 


tRLAZ 
5,6 
I'm low to address float 
0 
0 
ns 


tWHLH 
5,6 
I'm or WR high to ALE high 
23 
103 
tCLCL-40 
lcLCL+40 
ns 


External (:Iock 


lcHCX 
8 
High time 
20 
20 
ns 


lcLCX 
8 
Low time 
20 
20 
ns 


tCLCH 
8 
Rise time 
20 
20 
ns 


tCHCL 
8 
Fall time 
20 
20 
ns 


Erase/write 
timer constant3 


tEIW 
Erase/write cycle time 
4 
20 
4 
20 
ms 


tE 
Erase time 
2 
10 
2 
10 
ms 


tw 
Write time 
2 
10 
2 
10 
ms 


ts 
Data retention time4 
10 
10 
years 


NEIW 
Erase/write eyelesS 
50,000 
50,000 
cycles 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and J5Srn ; 100pF, load capacitance for all other outputs; 
80pF. 
3. The po,",er-off fall-time of VDDmust be less than 1ms to prevent an overwrite pulse from being generated in the EEPROM which can cause 
spurious parasitic writing to EEPROM cells. If the VDD power-off full-time is greater than 1ms, a power-off reset signal should be generated 
to preve 1tthis condition from occurring. 
4. Test condition: Tamb; +55°C. 
5. 
Number of erase/write cycles for each EEPROM byte. 


CMOS single-chip 8-bit microcontroller 
with on-chip EEPROM 
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EXPLANATION 
OF THE 
ACSYMBOLS 
Each timing symbol has five characters. The 
first character is always 'I' (= time). The other 
characters. depending on their positions. 
indicate the name of a signal or the logical 
status of that signal. The designations are: 
A - 
Address 
C - 
Clock 


D - 
Input data 


H - 
Logic level high 
I - 
Instruction (program memory contents) 


L - 
Logic level low. or ALE 
P - 
F'Srn 


Q - 
Output data 


R - 
"RUsignal 


t 
- 
TIme 
V - 
Valid 
w- WFl signal 
X - 
No longer a valid logic level 


Z - 
Float 
Examples: 
tAvLL= TIme for address valid to 
ALE low. 


tLLPL= Time for ALE low to 
F'Srnlow. 


CMO~;single-chip 8-bit microcontroller 
with o1-chip EEPROM 


tavwx 


taw 


ONE 
MACHINE 
CYCLE 


1531541551 
P1 
P2 
P1 
P2 
P1 
P2 
P1 


ONE 
MACHINE 
CYCLE 


153154155156 


P1 
P2 
P1 
P2 
P1 
P2 
P1 
P2 


{ 


BUS 
EXTERNAL 
P )RT 0 
PROGRAM 
MEMORY 
P )RT 
2 
FETCH 
(E eTERNAL) 


SERIAL 
I-ORT 
(SHIFT 
CLDCK) 


CMOS single-chip 
8-bit microcontroller 


with on-chip EEPROM 


Table 4. 
External Clock Drive XTAL 1 


Oscillator circuitry: The capacities connected to the crystal should be: C1 = C2 = tbf. 


VARIABLE CLOCK 
f = 1.2 -16MHz 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


lcLCL 
Oscillator clock period 
63 
833 
ns 


tHIGH 
HIGH time 
20 
lcLCL -It.ow 
ns 


tLOW 
LOW time 
20 
lcLCL - !HIGH 
ns 


tr 
Rise time 
- 
20 
ns 


tf 
Fall time 
- 
20 
ns 


tCY 
Cycle time' 
0.75 
10 
ns 


24V=X 
>C 


2.0V 


o 8V 


O.45V 
~--~ 


NOTE: 
AC inputs during 
testing 
are driven 
at 2.4V for a logic '1' and O.45V for a logic '0'. 


Timing 
measurements 
are made aI2.QV 
min for a logic '1' and a.BV for a logic '0'. 


TIMING 


REFERENCE 
POINTS 


NOTE: 


For liming 
purposes, 
a port is no longer 
floating 
when a l00mV 
change 
Irom load voltage 
occurs, 
and begins 
10 float when a lQOmV change 


from the loaded 
VOt-+'VOL 
level occurs. 
IOH'IOl ~ ± 2OmA. 


CMOS single-chip 
8-bit microcontroller 


with on-chip EEPROM 


Figure 11. 
100 Test Condition, Active Mode 
All other pins are disconnected 


Voo-O.! 


O.5V 


Fieure 13. Clock Signal Waveform for 100 Tests 


in Active and Idle Modes 


tCLCH = tCHCL = 5ns 


Figure 12. 
100 Test Condition, Idle Mode 


All other pins are disconnected 


Figure 14. 
100 Test Condition, Power Down Mode 


All other pins are disconnected. 


Voo = 2V to 5.5V 


Philips 
Semiconductors 
Microcontroller 
Products 


• 8-bit CPU 


• 6K bytes of user program memory (ROM), no external 


extension 


• 256 bytes of RAM data memory (RAM), no external 


extension 


• 2K bytes EEPROM: 


- EEPROM stores data or program 


- on-chip voltage multiplier for EEPROM 
ERASElWRITE 


- ERASEIWRITE cycle time independent of the clock 
frequency 


10000 ERASEIWRITE cycles per bytes 


10 years non-volatile data retention 


infinite number of READ cycles 


error code correction 


• Calculation unit for cryptographic calculations 


• Security features 


• Power-ON/OFF reset circuit 


• low frequency detector 


• Two 16-bit timers 


• Clock frequency range 1 MHz to 6 MHz; 1 l1s cycle 


time with 6 MHz clock frequency 


• Two I/O lines; only one I/O line is used in haif-duplex, 


according to the ISO standards for the Smart Card 
applications; full-duplex communication can be 
performed with both I/O lines 


• 5 interrupt sources from: I/O lines; Timer 0; Timer 
l' 


EEPROM; Calculation 
unit 


• Power-down and idle mode 


• Two operating modes: test mode and user mode 


• Single 5 volts power supply 


• 6 pins: Voo, Vss, 1/01, 1/02, RESET, ClK 


The 83C852 single chip secured microcontroller is 
manufactured in an advanced 1.2 l1CMOS process. It is 
a derivative of the 80C51 microcontroller family and has 
the same instruction set as the 80C51. It has been 
specially designed for conditional access in secure 
Smart Card applications and is implemented with the 
highest levels of security. 


Its internal calculation unit speeds-up cryptographic 
calculations using Public Key Algorithms. 


Cryptographic 
calculations 


At feLK 
6 MHz: 
X' mod.n is performed in 1.5 s 


typical, with 512 bit operands. 


External communications can be performed through a 
serial interface (I/O) according to'ISO standards. The 
serial interface must be controlled by application 
software for access to the 83C852 internal memory. 


The 83C852 contains a 6K bytes READ only memory 
(user ROM); a 256 bytes READIWRITE data memory 
(RAM); 2K bytes electrically erasable programmable 
READ only memory (EEPROM); two I/O lines; two 16-bit 
timers; five vectorized interrupt sources; 33 Special 
Function Registers (SFRs) and a Calculation Unit to 
speed-up the execution time of public keys and secret 
keys cryptographic algorithms. 


The 83C852 operates with a single 5 volts power supply 
and at a maximum clock frequency of 6 MHz. The 
instruction set consists of over 100 instructions: 49 
one-byte, 45 two-byte and 17 three-byte. With an input 
clock frequency of 6 MHz, 58% of the instructions are 
executed in 1 l1s and 40% in 2 l1s. 


SYMBOL 
PARAMETER 
CONDmON 
MIN. 
MAX. 
UNIT 


Voo 
supply voltage range 
4.5 
5.5 
V 


100 
supply current 
fClK = 3.57 MHz 
- 
10 
mA 


100 
supply current: operating modes 
feLK 
= 6.0 MHz 
- 
15 
mA 


I,D 
supply current: idle mode 
feLK 
= 6.0 MHz 
- 
3 
mA 


PIo' 
total power dissipation 
- 
1 
W 


T., 
storage temperature range 
-65 
150 
°C 


T~b 
operating ambient temperature range 
0 
70 
°C 


EXTENDED TYPE 
PACKAGE 


NUMBER 
PADS 
PAD POSITION 
MATERIAL 
CODE 


lC852 die 
6 
X 
Y coo rdi na tes 
die 
- 
lC852P 
tbf 
tbf 
plastic 
OIL 
tbf 


crT 


~ 
~ 


6 K BYTES 
PROGRAM 
MEMORY 


256 BYTES 
DATA 


MEMORY 


SYMBOL 
PIN 
DESCRIPTION 
(PAD) 


Voo 
C1 
+5 volts power supply pin during 
normal operation, idle mode and 
power-down mode 


RESET 
C2 
active LOW input that initializes the 
processor 


CLK 
C3 
ex1ernal clock input. The internal 
clock frequency = the external 
clock frequency 


Vss 
C5 
ground 


1/01 
C7 
quasi bi-directional port (TTL 
compatible), the user's program 
must include routines able to 
handle an asynchronous serial 
communication through a single 1/0 
port (for half-duplex) 


1/02 
C8 
quasi bi-directional port (TTL 
compatible) 


1101 
- 
0 C7 


1102- 
OCB 
C30TCLK 
'--------------' 


CONTACTS 
ISO 
83C852 
ASSIGNMENTS 
ASSIGNMENTS 


C1 
Vcc 
Voo 


EJ 
@] 


C2 
RESET 
RESET 


C3 
CLK 
CLK 


@] 
~ 
C4 
reserved 
not connected 


@J 
@] 


C5 
GND 
Vss 


C6 
Vpp 
not connected 


~ 
~MB,A90Z 
C7 
1/0 
used for 1/01 


C8 
reserved 
reserved for 1/02 


contact assignments are specified in part 2 of ISO 7816 


Fig.3 Contact assignments. 


.-he 83C852 is specially designed for secured 
applications such as conditional access and transactions 
in a Smart Card environment. It has a Calculation Unit 
'vhich makes the microcontroller dedicated to 
asymmetric crypto systems. Special Function Registers 
ISFRs) are available to the user to manipulate memory 
Iransactions and calculation unit operations. 


'-he address bus of the EEPROM is mixed to prevent 
Iraudulent access and optical scanning. The EEPROM 
has an hardware error code correction which guarantees 
Ihe data content integrity.The 83C852 is able to read and 
modify a part of the internal program memory contained 
in EEPROM. 


The 83C852 has two software selectable modes of 
educed activity for further power reduction, the idle 
node and power-down mode: 


the idle mode freezes the CPU while allowing the 
RAM, the timers and the interrupt system to continue 
functioning. 


, the power-down mode saves the RAM content and 


disables all other chip functions. 


rhe 83C852 has 33 SFRs available for use by the user 
see Table 23). The functional descriptions and usage of 
he SFRs as they co-relate to the RAM, EEPROM and 
he calculation unit actiVities, are described within the 
ollowing sections. 


.Iemoryorganisation 


--he central processing unit (CPU) manipulates operands 
In three memory spaces, (see Fig. 4) these are: 


" 6K-byte internai program memory (ROM) 


" 2K-byte program and data memory (EEPROM) 


" 256-byte internal data memory (RAM). 


--he 256-byte internal RAM memory address space is 
Hub-divided into: 


" 128-byte internal data RAM locations 00 to 7FH. This 


address space is accessible with direct and indirect 
addressing 


128-byte internal data RAM locations 80H to FFH. 
This address space is accessible with indirect 
addressing only 


• 128-byte Special Function Register (SFR) address 


space 80H to FFH. This address space is parallel to 
the upper 128 byte RAM. It is accessible with direct 
addressing only. 33 SFRs reside inside this area, the 
remaining address space in between is unused. 


EEPROM 


The EEPROM has a capacity of 2K bytes (words) see 
Fig. 5. With its built-in error correction hardware the 
EEPROM is a very reliable non-volatile memory. In 
addition to each single stored data byte, 4 extra 'parity' 
bits are stored in EEPROM. Single-bit errors per byte are 
automatically corrected when reading the memory. It can 
be accessed by both CPU and calculation unit (however, 
not at the same time). 


Programming of the EEPROM is completely controlled 
by the EEPROM's sequencer. The EEPROM can be 
used either both as data memory and program memory 
for Ihe CPU, or as data memory for the calculation unit. 


EEPROM AS DATA 
MEMORY: 


When the CPU executes opcodes from internal ROM 
(program address < 8000H), the EEPROM can be used 
as a data memory. The communication between CPU 
and EEPROM is performed via 6 SFRs (see Table 1), 
these comprise: 


• 2 EEPROM (SFRs) address registers (HIGH and 


LOW address byte) 


• 
1 EEPROM (SFR) data register for READ and WRITE 
operations 


• 2 EEPROM (SFRs) control registers to select the 
various operating and test modes 


• 1 EEPROM (SFR) timer register to adapt the 


ERASElWRITE time to the operating clock frequency. 


EEPROM AS PROGRAM 
MEMORY: 


When the program counter is higher than 7FFFH, the 
EEPROM is used as a program memory. The CPU 
fetches opcodes directly from the EEPROM. EAQBJ:i 
EADRL1 and EDAT registers cannot be wdtten. Their 
contents in this mode are irrelevant. 


Reading data from the EEPROM can stjl! be done with 
the MOVC instruction, but EEPROM write operation is 
not possible. The EEPROM can only be written by 
software executed from the ROM area (program address 
< 8000H). 


Communication 
between calculation unit and EEPROM 
is performed via SFRs (see Table 1), these comprise: 


• 2 EEPROM SFRs address registers (one HIGH and 


one of two alternate LOW address bytes) 


• calculation unit SFRs. 


The EEPROM data output is directly connected via a 
special bus to the data registers of the calculation unit. 
The calculation unit has direct READ access to the 
EEPROM. 


During memory access, the EEPROM is addressed by 
one of two address pointers EADRL 1 or EADRL2. Both 


FFH ,---------, 


I 
, 
128 BYTES 
RAM 


INDIRECT 
ADDRESSING 
SOH TO FFH 


7FFH '--FA-B-K-E-Y-S-"'~ 


7FOH 
~ 
r- 
/ 
. 
. / 


:lJ' 
USER 
:' 
/ 


AREA 
/ 


000 
/ 


t 
EADAH, 
EADRLl 


128 BYTES 
RAM 
DIRECT 
& 
INDIRECT 
ADDRESSING 


pointers are loaded by the CPU and decremented by the 
calculation unit's sequencer. EADRL 1 or EADRL2 supply 
the LOW byte (LSB) of the EEPROM address. The HIGH 
byte (MSB) of the EEPROM address is taken directly 
from the EADRH register. The access to the EEPROM 
from the calculation unit, is controlled by the calculation 
unit SFRs . 


When the access to EEPROM by the calculation unit is 
active, the EEPROM is not accessible by the CPU, 
neither as data memory nor as program memory. When 
the calculation unit is operating, but not accessing the 
EEPROM, the CPU can READ, WRITE and EXECUTE 
EEPROM. 


סס oo 
t 
program 
counter 


EEPROM SFRs 


Table 1 provides a listing of the EEPROM associated SFRs: 


NAME 
SFRADDRESS 
FUNCTION 


The communication 
between the CPU and the EEPROM is performed 
via the following 
SFR8: 


E.\DRL1 
OF2H 
address register (LSB) 


E.\DRH 
OF3H 
address register (MSB) 


EI)AT 
OF4H 
data register 


E-IM 
OF5H 
EEPROM timer register 


E'~NTRL1 
OF6H 
control register for normal operation modes 


E~NTRL2 
OF7H 
control register for special test modes 


The communication 
between the calculation 
unit and the EEPROM is performed 
via the following 
SFR8: 


E~DRL2 
OF1H 
address pointer 2: LSB of the EEPROM address 
(WRITE: reload EADRL2 register; READ: read counter) 


E~DRL1 
OF2H 
address pointer 1: LSB of the EEPROM address 
(WRITE: reload EADRL 1 register; READ: read counter) 


E~DRH 
OF3H 
address register (MSB) 


T-vo address pointers (SFRs) are necessary for EEPROM access by the calculation unit. SFRs EADRH and either 
E~DRL1 or EADRL2 


ErPROM 
SFR descriptions 


E ,DRH 


E,'DRH is an B-bit register (SFR), used as an address 
pointer, it is loaded from the CPU and contains the 
hi ,hest byte (MSB) of the EEPROM address. Only bits 
EJ,DRH.7, 2, 1,0 are relevant. Default value after reset 
is 1OOOOOOOB'. 


EJ,DRL 1, EADRL2 


EilDRL 1 is an B-bit register (SFR), used as an address 
pcinter, it is loaded from the CPU, Its contents are 
trensferred into an B-bit down counter which provides the 
LOW byte (LSB) of the EEPROM address. The CPU has 
WqlTE access to the EADRL1 register and READ 
access to the down counter, 


Dnfault value after reset of both the EADRL 1 register 
ar d associated down counter are OOH.The transfer of 
EI\DRL 1 to the down counter and the decrement are 
cc ntrolled by the calculation unit. The behaviour of 
EI\DRL 1 depends on whether or not there is an access 
in progress from the calculation unit to the EEPROM, 


No access from the calculation unit to the EEPROM: 


• when there is no active access to the EEPROM from 


the calculation unit, the contents of the EADRL 1 
register are continuously loaded into its associated 
down counter. There is no hardware-decrement 
of the 


down counter. The combination of EADRL 1 plus it's 
down counter behaves therefore as a normal register. 
In this mode, the LOW address byte of the EEPROM 
is always supplied by EADRL 1. EADRL2 behaves 
similar to EADRL 1 but it is not used for EEPROM 
addressing. Its contents are irrelevant. 


Calculation unit access to the EEPROM: 


• EADRL 1 is the EEPROM LOW address pointer used 


to address an operand (Ai) stored in the EEPROM. At 
the beginning of the calculation unit's computation 
cycle, the address content of the EADRL 1 is loaded 
into it's associated down counter. During the 
calculation, further EADRL 1 address transfers to the 
down counter stop, whilst the down counter is 
decremented by the calculation unit's sequencer. 
During a calculation, the EADRL 1 register can be 
reloaded from the CPU with a new address. This new 
address will then be used during the next calculation, 


• EADRL2 (SFR) is the second EEPROM LOW 


address pointer which is required lor some operations 
of the calculation unit. It is used to address an 
operand (Xi) stored in the EEPROM. The function of 
EADRL2 is similar to EADRL 1 function. EADRL2 
cannot be used as a second address register lor 
normal CPU access to the EEPROM. 


Data register 
EDAT 


This register (SFR) is used to read data from the 
currently addressed EEPROM byte. When EDAT is 
written during BYTE MODE, it's contents will be 
programmed into the addressed EEPROM byte. When 
EDAT is written during ROW ERASE or BLOCK ERASE 
mode, the ROW ERASE or BLOCK ERASE operation is 


Table 2 ETIM timer values 
The general formula is: Value (decimal) =(lcLK 
kHz/102.4)-2 


started. In this mode, the data written to EDAT is then 
irrelevant. The ECNTRL 1 status bits EWP and IFE 
indicate whether the EEPROM ERASElWRITE operation 
is still active. Whilst the EEPROM programming is in 
progress, rewriting data to EDAT is not allowed. 


Timer register 
ETIM 


The ETIM timer register (SFR) is required to adapt the 
ERASElWRITE time to the clock frequency. ERASE (t,,) 
and WRITE (t,.,)times of 5 ms each are required. The 
user has to ensure that the ERASE or WRITE time is 
neither too short nor too long. Table 2 gives values for 
ETIM register for given clock frequencies. ETIM has to 
be loaded by software in advance to the first 
ERASEIWRITE operation. ETIM's default value after 
reset is '08H'. 


VALUES FOR ETIM 


OPERATING 
BINARY 
IClK 
MHz 
HEXADECIMAL 
DECIMAL 
MSB 
LSB 


1.0 
0000 
1000 
8 
8 


2.0 
0001 
0010 
12 
18 


3.0 
0001 
1011 
1B 
27 


3.57 
0010 
0001 
21 
33 


4.0 
0010 
0101 
25 
37 


4.92 
0010 
1110 
2E 
46 


5.0 
0010 
1111 
2F 
47 


60 
0011 
1001 
39 
57 


Control 
register 
ECNTRL1 


E:::NTRL 1 is the control register (SFR) for the several user operation modes of the EEPROM. 


IFE 
I 
EEl NT 
I 
EWP 
I 
- 
OPERATION MODE SELECT 


7 
I 
6 
I 
5 
I 
4 
3 
2 
1 
0 


BYTE MODE -+ 
0 
0 
0 
0 
ROW ERASE -+ 
1 
1 
0 
0 


BLOCK ERASE -+ 
1 
0 
1 
0 


TEST MODE -+ 
1 
1 
1 
1 


SYMBOL 
I PARAMETER 
FUNCTION 


oCNTRL1.7 


FE, interrupt flag EEPROM 
set by the EEPROM sequencer after completion of an EEPROM WRITE access, or 
set and reset by software. When (IFE is set 1 and EEINT is set 1), an interrupt 
request is done. Interrupt vector 0023H will be forced if the bits EA and EE inside 
the interrupt Enable Register IE are also set 1. 


ECNTRL1.6 


EEINT. enable EEPROM 
set and reset by software. Enables an EEPROM interrupt request when HIGH. 


Interrupt 


ECNTRL1.5 


EWP, ERASElWRITE in 
set and reset by the EEPROM sequencer. EWP is active HIGH during EEPROM 
progress 
write operations. Consecutive write operations to EDAT are not allowed as long as 
EWP is set. EWP cannot be set or reset by software. 


ECNTRL1.4 
- 
reserved. 


ECNTRL 1 bits 3, 2, 1, 0 


operation mode select: 
normal E'PROM mode, default mode after reset. In this mode READ or WRITE 
BYTE MODE (0000) 
access to one byle at a time is possible. 


READ mode 
This is the default mode when BYTE MODE is selected. The contents of the 
addressed byle are available in the data register EDAT. 


WRITE mode 
This mode is activated after ioading of the data register EDAT with the data byle to 
be written. Before writing EDAT, the address registers EADRL 1 and EADRH must 
be loaded first. Depending on the previous contents of the addressed memory 
cells, the EEPROM sequencer decides whether to do a WRITE cycle (t.), or a 
combined ERASElWRITE cycle (I. + t..). A WRITE cycle is carried out when the 
previous memory content has been OOH.Otherwise an ERASElWRITE cycle is 
carried out. 


SYMBOL 
/ PARAMETER 
FUNCTION 


operation mode select: 
in this mode the contents of the addressed memory row will be erased. The three 


ROW ERASE (1100) 
LSB's of EADRL 1 are not significant, i.e. 8 bytes addressed by EADRL 1 will be 
cleared in the same time normally needed to clear one single byte (tROWERASE 
= t,,). 


The ROW ERASE operation can be started by writing the EDAT register. The data 
that is written to EDAT is not significant. Writing of the erased 8 memory cells then 
takes only 8 WRITE cycles. This is much faster than writing 8 data bytes without a 
previous ROW ERASE. Such an operation would have taken a total = 8 t" + 8 two 


operation mode seleel: 
in this mode all memory cells of the EEPROM will be cleared. The BLOCK ERASE 
BLOCK ERASE 
(1010) 
operation can be started by writing EDAT. The contents of the data and address 
registers EDAT, EADRL 1, EADRH are don't care. 


operation mode select: 
the seleelion of a specific EEPROM TEST MODE within the ECNTRl2 
register is 


TEST MODE 
(1111) 
only possible when the ECNTRL 1 register is switched in advance to TEST MODE. 


Control 
register 
ECNTRL2 


ECNTRL2 is the control register (SFR) for the several test modes of the EEPROM. 


READ ONLY 
READIWRITE 


SP3 
I 
SP2 
I 
SPI 
I 
SPO 
TM3 
TM2 
TMI 
TMO 


7 
I 
6 
I 
5 
I 
4 
3 
2 
1 
0 


NOTEST 
-> 
0 
0 
0 
0 
READ EEPROM WITHOUT ERRORCORRECTION 
-> 
1 
0 
1 
1 


SYMBOL 
/ PARAMETER 
I 
FUNCTION 


ECNTRL2 bits 7, 6, 5, 4 


SP3, SP2, SP1, SPO 
this part of the ECNTRl2 
register is READ only. The upper 4 bits of ECNTRl2 
carry either the syndrome word which is generated by the EEPROM error 
correction logic or the parity bits stored in parallel to the data word in EEPROM 
memory. The syndrome word is always output during BYTE MODE READ 
(EWP = 0). A value of 'OOOOB'means that no error has been detected/corrected. 
The parity bits are output during READ EEPROM WITHOUT 
ERRORCORRECTION 
TESTMODE or while EWP = 1. 


ECNTRL2 bits 3, 2, I, 0 


TM3, TM2, TM1, TMO 
this part of ECNTRl2 
register is READIWRITE. The lower 4 bits of ECNTRL2 are 


used to seleel one of the EEPROM test-modes. The selection of any test-mode is 
only possible if ECNTRL 1 has been set to 'XXXXllll 
B' before. Otherwise TM3, 


TM2, TM1, TMO are held at 'OOOOB'. 


'} 


from 


program 
counter 


2Kx12BIT 


INCLUDING 
ERROR 


CORRECTION 


The RAM has a capacity of 256 bytes. It can be 
accessed by beth CPU and calculation unit (however, not 
at the same time). The CPU has full READ and WRITE 
access to the RAM only when the calculation unit is not 
operating. 


When the calculation unit is operating, it reads and writes 
data from/to the RAM via a separate channel. In order to 
avoid possible access conflicts, the CPU cannot read or 
write the RAM at this time. This condition places some 
restrictions to the operations of the CPU: 


• no subroutine calls possible while calculation unit is 


active 


• register operations (e.g. MOV A,RO) are not possible 


• stack pointer operations (PUSH, POP) are not 


possible 


• interrupt requests are not granted while the 


calculation unit is active. 


In the RAM address space, only the SFRs can be read 
and written by the CPU whilst the calculation unit is 


active. 


RAM address 
pointers 


The calculation unit uses 4 RAM pointers to address the 
RAM during it's direct memory access: AIPR, XIPR, 
AOPR and APR. 


AOORESSPOINTERSAIPR, XIPR, AOPR 


AIPR and XIPR pointers address the operand fields Ai 
resp. Xi inside RAM, while AOPR addresses a RAM area 
Ao where the calculation result is to be stored. Each 
pointer consists of an 8-bit register with associated 8-bit 
down counter. The counter provides a RAM address. It is 
parallel loaded from it's register. 
The CPU has WRITE access to the registers and READ 
access to the counters. Default values after reset for all 
registers and counters are OOH.The data transfer from 
the registers to their down counters and the counter 
decrement are controlled by the calculation unit. 


AOORESSPOINTERAPR 


This is an 8-bit up counter which is used to address the 
A[3-0] operand field in RAM. It can be read and written 
by the CPU. Default value after reset is OOH.APR is 
incremented under the control of the calculation unit. 


RAM address 
pointer modes 


The following RAM address pointer modes apply: 


The calculation unit is at standby: 


• there is no direct memory access from the calculation 


unit 


• the down counters are continuously loaded from the 


AIPR. XIPR and AOPR registers 


• because RAM is not addressed by any of the RAM 
pointers, their contents are irrelevant at this time. In 
advance to a calculation, the CPU has to load the 
RAM pointers with the start addresses of the operand 
and result fields. AIPR, XIPR and AOPR have to be 
loaded with the LSB's address, while APR has to be 
loaded with the MSB's address of the data field. 


The calculation unit is active: 


• there is direct RAM memory access from the 


calculation unit 


• the data transfer from the registers to their associated 


down counters is stopped 


• the address pointers AIPR. XIPR and APR address 


the operands Ai, Xi and A[3-0] while AOPR addresses 
the Ao result area in RAM 


• while the up and down counters are incrementedl 


decremented under control of the calculation unit. the 
CPU can reload the registers with new addresses, 
ready for transfer to their down counters at the 
beginning of the next calculation cycle. 


This unit computes, with it's associated software, any 
exponential functions like X" mod.n. It has been designed 
to optimize the calculation time of exponent modulo N. It 
uses 196 bytes of RAM for 512-bit length operands. 


CALCULATION UNIT PERFORMANCE 


[ 
At felK = 6 MHz: 
X' modulo N is pertormed in 1.5 s 


typical, with 512 bit operands. 


--0 reach this speed, the calculation unit's architecture 
provides: 


fast multiplication and addition 


" fast carry handling 


" fast data transfers to fetch operands from RAM or 
EEPROM and to store results in RAM 


simultaneous operation of both CPU and calculation 
unit. 


The calculation unit does not carry out a complete 
exponentation in one step. However, it provides a set of 
basic instructions, from which the complete 
exponentation algorithm can be built by a dedicated 
software. All of these basic instructions operate on 
data-fields inside RAM and EEPROM. The width of these 
data-fields is variable. A typical operand width is 512 bits. 


The basic operation of the calculation unit is to multiply 
either a 24-bit number or a 32-bit number with a 
long-word (e.g. 512-bit) and adding the result to another 
long-word. Further XOR and shift operations may be 
carried out to give the final result. With a 32-bit number 
this operation completes in typically 45 lIS at 6 MHz clock 
frequency. 


The basic operation 
of the calculation 
unit is: 


S = [ (A 
+ a ' 
X) Ell value 1 ' 
2" 
Where 'A":S' 
and 'X' are large numbers, 'a' is a 3 or 4 byte part of the 


large number 'Y' and 'value' is either one same byte used for each 
result byte or the large number 'X'. 'n' is the number of bit-shifts for the 
calculation result, n can be either 0 or 32. 


Operation 
set of the calculation 
unit: 


S = (A + a ' X) Ell value' 
2" 
multiply and accumulate step (see Fig. 6). 


S = (0 + a ' 0) Ell value' 
2' 
memory initialization (see Fig. 7). 


A = (A + a ' 0) Ell value' 
232 
4 byte shift (see Fig. 8). 


S = (A + a ' 0) Ell value' 
2' 
memory transfer (see Fig. 9). 


S = (A + a ' X) Ell value' 
2" 
multiply, accumulate step with shift (see Fig. 10). 


Force A = 0 or X = 0 and shift depend on the contents of the registers CMD and CMDSTAT. 


A calculation example of D = M'C 
Mod N is shown in Fig.11, where D, M, C and N are large numbers of n-bit 


length. 
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Calculation 
unit related SFRs 


12 Special Function Registers (SFRs) are related to the 
calculation unit, see Table 7 and Figure 12. 


Memory access registers 


The calculation unit has direct READ and WRITE 
memory access to the RAM and READ-only access to 
the EEPROM. The unit uses four B-bit wide RAM 
pointers to address operands and result inside RAM and 
two B-bit pointers to address operands inside EEPROM. 
The MSB of the EEPROM address is supplied by the 
EADRH register. 5 out of the 6 pointers are pipelined. 
This allows the CPU to initialize these registers while a 
calculation is busy. 


SYMBOL 
ADDRESS 
FUNCTION 


AIPR 
MH 
RAM address pointer for Ai input operand; note 1 


EADRL1 
F2H 
EEPROM address pointer for Ai input operand; note 1 


XIPR 
A5H 
RAM address pointer for Xi input operand; note 1 


EADRL2 
F1H 
EEPROM address pointer for Xi input operand; note 1 


APR 
A6H 
RAM address pointer for A[3-0] input operand 


AOPR 
A7H 
RAM address pointer for Ao result outpu1 


CMD 
99H 
command register 


CMDSTAT 
98H 
command and status register 


CNTCYCL 
F9H 
cycle counter 


CXOR 
A3H 
XOR operand register 


WRLlM 
FBH 
WRITE operation limit register 


RDLIM 
FAH 
limits register of the READ operands Xi and Ai. 


Note 


1. 
Ai operand and Xi operand can be stored in either the RAM or the EEPROM. 


Command 
and status 
registers 
CMD and CMDSTAT 


The calculation unit has two 8 bit registers (SFRs) for 
commands and status. SFR CMD is used for commands 
only, SFR CMDSTAT is used for both commands and 
status (2 command bits and 3 status bits). 


7 bits of the CMD register are pipelined (see Table 8). At 
the beginning of a calculation, the contents of these 
seven bits are transferred into an internal command 
register that controls the calculation unit's sequencer. 


This allows the CPU to re-initialize the CMD register for 
the next calculation while the current calculation is still 
busy. 


The CMDSTAT SFR (see Table 10) is not pipelined and 
may not be reloaded by the CPU whilst the calculation 
unit is active. Both CMD and CMDSTAT registers are 
cleared at reset. Tables 9 and 11 describe the function of 
single status and control bits within the CMD and 
CMDSTAT registers. 


CMD 
register 


I loaded 
by the CPU 
__ 


(SFR) 


Intemal 
CMD 


loaded 
by the 


calcula\lOn 
unit 
SHIFT 
IlDRAM' G 
1 
1 


Inlerrnal 
command 
register 


(7-billatch) 


SYMBOL 
I PARAMETER 
FUNCTION 


CMD.7 


DWA = disable output write 
set and reset by the CPU. 
When the DWA bit is set 1. the writing operation of the Ao result into RAM is 
disabled. The AOPR address counter is not decremented. 
When DWA bit is reset O. the Ao result bytes are written into RAM. 


CMD.6 


AE2P = input Ai operand from 
set and reset by the CPU. 
the EEPROM 
When the AE2P bit is set 1 the EEPROM is addressed by AIPE (EADRL 1) 
address pointer and the Ai operand is read from the EEPROM. When AE2P is 
reset 0 the RAM is addressed by AIPR address counter and the Ai operand is 
read from the RAM. 


SYMBOL 
I PARAMETER 
FUNCTION 


C:MD.5 


:(E2P ; input Xi operand from 
set and reset by the CPU. 


the EEPROM 
When the XE2P bit is set 1 the EEPROM is addressed by XIPE (EADRL2) 
address pointer and the Xi operand is read from the EEPROM. When XE2P is 
reset 0 the RAM is addressed by XIPR address counter and the Xi operand is 
read from the RAM. 


C:MD.4 


OXOR; 
output exclusive OR 
set and reset by the CPU. 
When the OXOR bit is set 1 the output data value is: Xi Ell calculation result. When 
the OXOR bit is reset 0 the output data value is: CXOR register content Ell 
caiculation result. If the output value must be the real calculation result: OXOR bit 
is reset 0 and the CXOR register content; 
OOH. 


GMD.3 


:;HIFT ; control of Ao resuit 
set and reset by the CPU. 


ghift 
When the SHIFT bit is set 1 the Ao result consists of four registers A03, A02, A01, 
AoO, thus the output data is delayed four times which leads to a 32·bit result shift. 
If the SHIFT bit is reset 0, the output pipeline has only one register A03. The result 
is not shifted. 


GMD.2 


I.DRAM; 
Load A3, A2, A1, AO 
set and reset by the CPU. 
IIegisters from the RAM 
When the LDRAM bit is set 1 the calculation unit reloads A3, A2, A1, AO registers 
from the RAM at the start of the computation. When the LDRAM bit is reset 0, the 
A3, A2, A1, AO registers are reloaded from the A03, A02, A01, AoOou1put pipeline 
registers. 


GMD.1 


11~32; 32-bit operands 
set and reset by the CPU. 
When the M32 bit is set 1 the multiplier operands are A[3..0] (32-bits), APR is 
Incremented by four. When the M32 bit is reset 0 the multiplier operands are 
A[2-0] (28-bits), APR is incremented by three. 


GMD.O 


CMRD ; command ready 
set by the CPU and cleared by the calculation unit (see Fig. 13). 
To start a calculation, the CMRD bit is set 1 by the CPU. The CMRD bit will be 
reset 0 by hardware immediately after beginning the calculation. The CMD 
register is then ready to take the next command word from the CPU. When the 
CMRD bit is set 1 by the CPU while the calculation unit is still active, the 


I ~ 
calculation unit does not stop at the end of the current computation. The new 
calculation starts immediately with the new command parameters. In this case 
there will be no interrupt request. 


CPU Inlliahzes 
pOinters and 
registers lor 
calculalion 
# 1 


CPU initializes 
pOinters and 
registers for 
calculation 
#2 


cpu 
walts 
'0' 
CMRD:O 


CPU initializes 
pOinters and 
registers for 
calculation 
#3 


Table 10 CMDSTAT SFR 


SFR Command and Status register (SFR) 
loaded and read by the CPU --+ 


o 


DONE 


i 


SYMBOL 
I 
PARAMETER 
I 
FUNCTION 


CMDSTAT bits 7, 6, 5, not applicable 


CMDSTAT.4 


DRA = READ disable of the 
I set and reset by the CPU. 
operand Ai 
When the ORA bit is set 1. READ operation of the operand Ai is disabled and Ai is 
cleared. In this mode the AIPR address counter is not decremented. 


CMDSTAT.3 


DRX = READ disable of the 
I set and reset by the CPU. 
operand Xi 
When the DRX bit is set 1, READ operation of the operand Xi is disabled and Xi is 
cleared. In this mode the XIPR address counter is not decremented. 


CMDSTAT.2 


RUN = active calculation unit 
I set and reset by the calculation unit. 
While the calculation unit is active. the RUN bit is set 1. otherwise the RUN bit is 
reset a (cleared). 


SYMBOL 
I PARAMETER 
FUNCTION 


CMDSTAT bits 7, 6, 5, not applicable 


CMDSTAT.1 


CCY = carry 
set and reset by the calculation unit 
When the contents of A03, A02, A01, AoO output pipeline registers are greater 
than 0 (zero), the CCY bit is set 1, otherwise CCY is reset O. 


CMDSTAT.O 


DONE = end of the 
set by the calculation unit, reset by the CPU. 
computation 
The DONE bit is set 1 by the calculation unit at the end of computation. When set 
1, an interrupt request is generated. The DONE flag has to be reset 0 by the CPU 
during an interrupt service routine. 


Cycle counter 
CNTCYCL 


This is an 8-bit register with associated down counter. It 
counts the number of bytes of the result which the 
calculation unit shali carry out The first byte of the result 
is always zero. 


The CPU has WRITE access to the register and READ 
access to the down counter. CNTCYCL is cleared to DOH 
during reset As iong as the calculation unit is in standby. 
the down counter is continuously loaded with the register 
contents. After start of calculation, the down counter 
becomes separated from the register and starts 
counting. The register can then be reloaded by the CPU 
for the next calculation cycle. As soon as the down 
counter reaches the state DOH, the calculation cycle is 
terminated. 


Limit registers 


The calculation unit has two 8-bit limit registers (SFRs) 
WRLiM and RDLiM. WRLiM controls the start of Ao 
resuit output to RAM, while RDLiM controls the length of 
Ai and Xi input operands. RDLiM is split into two 4-bit 
registers. RDLiM 
(7-4) carry the READ limit for the Xi 


operand and RDLiM 
(3-0) the READ limit for Ai. 


The contents of WRLiM, RDLiM 
(7-4), RDLiM 
(3-0) are 


compared to the contents of the Cycle Counter 
CNTCYCL during calculation. As Xi and Ai limits are both 
only 4-bits wide, these values are expanded to 8-bits for 
comparison by adding four leading zeros. 


• as long as the CNTCYCL contents are greater than 


the WRLi M's contents, writing of the Ao output result 
to RAM is inhibited. 


• READ Xi limit (upper 4-bits): when the CNTCYCL 
contents has reached the Xi limit, the READ value of 
the Xi operand is O. 


• READ Ai limit (lower 4-bits): when CNTCYCL 
contents has reached the Ai limit, the READ value of 
the Ai operand is O. 


The limit registers can be read and written by the CPU. 
Because of their pipeline structure, they can be 
re-loaded whilst the calculation unit is active. Both 
registers are cleared to DOH during reset 


CXOR register 


This is an 8-bit wide SFR that provides one operand for 
an exclusive-OR operation on the calculation result It 
can be read and written by the CPU. the default value 
after reset is O. 


Calculation 
unit interrupt 


At the end of a calculation cycle, an interrupt request is 
generated (DONE = 1). The DONE flag has to be reset 
by software during the interrupt service routine. The 
calculation unit's operation cannot be interrupted by any 
other interrupt 
interrupt requests are pending until the 
end of the calculation cycle. They will be acknowledged 
during the interrupt service routine. 


Parallel operation 
of CPU and calculation 
unit 


The performance of the calculation unit degrades if 
pointer and control register initializations are done in 
between two consecutive calculation cycles. The full 
calculation speed is reached when these initializations 
are carried out by the CPU in parallel to a computation 


cycle of the calculation unit (see Fig. 13). Thus with 
parallel initializations, when a current computation cycle 
is completed, all of the required initializations have 
already been done to enable the next computation cycle 
of the calculation unit to start immediately. 


10 register 


The B3C852 has 2 1/0 lines: 1/01 and 1/02. Une 1/01 is 
represented by 101 (bit 0) and line 1/02 is represented by 
102 (bit 1) of the 10 register (SFR). 10 bits: 7, 6, 5, 4, 3 
and 2 are don't care. 


Either 1/0 line can be used independently from the other 
as an input or as an output. For an 1/0 line to be used as 
an input, a set 1 must first be written to it's port-latch. 
See Fig. 14. The strong ou1put driver FET P1 is turned 
off after one external clock period. The pin is then pulled 
HIGH by the weak pull-up FETs P2 and P3. It can be 
pulled LOW by an external source. After a hardware 
reset, both port latches contain a set 1 and both lines 


1/01 and 1/02 are in Input mode. 


1/01 


Identical lor 
1/02 


for use in ISO standard half duplex serial communication, only 1/01 is needed. Full dupiex serial communication 
may be carried out via both lines 1/01 and 1/02. 


The B3CB52 has two 16-bit timer registers Timer a and 
Timer 1 The timer registers are incremented each 
machine cycle and are thus capable of counting machine 
cycles. Since a machine cycle consists of 6 external 
clock periods. the count rate is 1/6 of the clock 
frequency. Each timer has three operating modes: 


• Mode 0; 
13-bit timer 


• Mode 1 ; 16-bit timer 


• Mode 2; 
B-bit timer with auto-reload. 


Timers °and 1 are controlled via the two SFRs: Timer Mode Control (TMOD) and Timer ControVExtemal Interrupt 
Control (TCON). 


Table 13 TMOD SFR 


TIMER 1 
TIMER 2 


====7==== ====6====I __ 
~_1 
:_o__ 
-_-_-_-_3====:====2====I __ 
M_/ 
M_OO 
__ 


SYMBOL 
PARAMETER 
FUNCTION 


Timer 1 
- 
TMOD.7 
reserved, don't care 
- 
TMOD.6 
reserved, don't care 


M1 
TMOD.5 
Timer 1 mode select 


MO 
TMOD.4 
Timer 1 mode select 


TlmerO 
- 
TMOD.3 
reserved, don't care 


- 
TMOD.2 
reserved, don't care 


M1 
TMOD.1 
Timer °mode select 


MO 
TMOD.O 
Timer °mode select 


M1 and MOoperating 
modes 


0 
° 


8-bittimer 
'THx' with 'TLx' as 5-bit prescaler 
° 
1 
16-bittimer 'THx' and 'TLx' are cascaded. There is no prescaler 


1 
° 


8-bit auto-reload timer "THx' holds a value which is reloaded into 'TLx' 
each time it overflows. 


Table 
15 
TCON 
SFR 


TIMER 
CONTROL 


SYMBOL 
PARAMETER 
FUNCnON 


Timer control 


TFl 
TCON.7 
Timer 
1 overflow 
flag. 
Set by hardware 
on Timer 
1 overflow. 
Cleared 
by 


hardware 
when 
processor 
vectors 
to interrupt 
routine. 


TRl 
TCON.6 
Timer 
1 run control 
bit. SeVcleared 
by software 
to turn 
Timer 
1 ON/OF 
F. 


TFO 
TCON.5 
Timer 
a overflow 
flag. 
Set by hardware 
on Timer 
a overflow. 
Cleared 
by 


hardware 
when 
processor 
vectors 
to interrupt 
routine. 


TRO 
TCON.4 
Timer 
a run control 
bit. SeVcleared 
by software 
to turn 
Timer 
0 ON/OFF. 


External 
Interrupt 
Control 


- 
TCON.3 
reserved, 
don't care. 


10SW 
TCON.2 
switch 
for external 
interrupt 
source: 


0= 
1/01 is used 
as external 
interrupt 
source; 


1 = 1/02 is used 
is used 
as external 
interrupt 
source. 


lEa 
TCON.1 
is the external 
interrupt 
0 edge 
flag. 
If ITO is set 
I, the IEO bit is set 
1 by 


hardware 
when 
the external 
interrupt 
source 
(either 
1/01 pin or 1/02 pin) 


is detected 
to have 
made 
a 1 to 0 transition. 
The 
lEa bit is cleared 
by 


hardware 
when 
the processor 
transfers 
control 
to the 
interrupt 
service 


routine. 


ITa 
TCON.O 
determines 
whether 
external 
interrupt 
is edge-triggered 
or level-triggered. 


If ITa is set 1: external 
interrupt 
a is edge-triggered. 


If ITa is reset 
0, external 
interrupt 
a is triggered 
by a detected 
LOW 
at 


the external 
interrupt 
source. 


Interrupt system 


The 83C8S2 has five interrupt sources, each can be 
programmed to one of two priority interrupt levels, either 
HIGH or LOW. The five interrupt sources are listed below: 


1. I/O: external request from either I/O line 


2. Timer 0: overflow from TImer 0 


3. Cell: end of calculation 


4. TImer 1: overflow from TImer 1 


5. EEPROM: 
completion of EEPROM programming. 


Each interrupt source can be individually enabled or 
disabled, all interrupt sources can also be globally 
enabled or disabled. 


Each interrupt source can be programmed to either a 
HIGH or a LOW priority interrupt level. A LOW can be 
interrupted by a HIGH priority interrupt, but not by 
another LOW priority interrupt. A HIGH priority interrupt 
cannot be interrupted. 


Only one of the I/O lines (either 1/01 or 1/02) can be 
used as an external interrupt source at a time. This 
selection is made by 10SW bit from TCON register. 


Table 17 IE SFR 


EA 


7 


Interrupt vectors 


The microcontroller acknowledges a request from an 
interrupt by a hardware subroutine call. It pushes the 
contents of the PC (program counter) into the stack, but 
it does not save the PSW (program status word). PC is 
reloaded with an address that depends on the source of 
the interrupt request, as shown below: 


Address 


0003H 


OOOBH 


0013H 


001BH 


0023H 


Source 


1/01 or 1/02 


TImer 0 Overflow 


end of calculation 


TImer 1 Overflow 


completion of EEPROM programming. 


Interrupt registers IE and IP 


INTERRUPT 
ENABLE 
REGISTER 
IE 


Each source can be individually enabled or disabled by 
setting or clearing the corresponding bit inside the SFR 
Interrupt Enable register IE. All interrupt sources can also 
be globally enabled or disabled. 


SYMBOL 
PARAMETER 
FUNCTION 


EA 
IE.7 
general enable/disable control 
o = no interrupt is enabled 
1 = any individually enabled interrupt will be accepted 


- 
1E.6 
reserved, don't care 


- 
IE.S 
reserved, don't care 


EE 
lEA 
enable EEPROM interrupt 


ET1 
IE.3 
enable TImer 1 interrupt 


EC 
IE.2 
enable calculation unit interrupt 


ETO 
IE.1 
enable TImer 0 interrupt 


EXO 
IE.O 
enable external 0 interrupt (from I/O) 


SYMBOL 
PARAMETER 
FUNCnON 


'j - 
IP.7 
reserved, don't care 


~- 
IP.6 
reserved, don't care 


- 
IP.5 
reserved, 
don't care 


PE 
IPA 
EEPROM interrupt level 


PT1 
IP.3 
Timer 1 interrupt level 


PCU 
IP.2 
calculation unit interrupt level 


PTO 
IP.1 
Timer 0 interrupt level 


PXO 
IP.O 
external 0 interrupt level 


The interrupt level is selected within the SFR Interrupt 
Priority register IP. Setting a bit to '1' selects HIGH 
priority. 


Hardware security 


OPERATING 
MODE 


The microcontroller has two operating modes: 


• 
User 
mode 


• Test mode 


The test mode is permanently disabled once the test has 
been performed. 


Low Irequency 
sensor 


The low frequency detector circuit triggers a reset of the 
CPU when the clock frequency falls below IClK minimum 
(approximately 500 kHz). When the clock frequency rises 
above felK minimum the reset is de-activated. 


Power ON/OFF reset 


The power ON/OFF reset circuit triggers a reset 01 the 
CPU when the power supply lalls below Voo minimum 
(approximately 3.5 V). When the power supply rises 
above Voo minimum, this reset is de-activated. When the 
power-down mode is active (PD is set 1) the power 
ON/OFF reset is de-activated. 


Idle mode and power-down 
mode 


IDLE 
MODE 


The 83C852 provides two power saving operational 
modes, the idle mode and the power-down mode. In the 
idle mode, the CPU enters a sleep routine whilst some of 
the on-chip peripherals (timers and interrupt system) 
remain active. The contents of the RAM and SFRs 
remain unchanged during the duration of an idle mode. 
The idle mode can be terminated by an enabled interrupt 
or by a hardware reset. Besides stopping the CPU, the 
idle mode terminates EEPROM write operations and 
stops operation of the calculation unit. 


In the power-down mode, all on-chip intemal clocks are 
frozen. The CPU and all on-chip peripherals stop 
working. The only exit from a power-down mode is by a 
hardware reset. The on-chip RAM and SFRs retain their 
values until the power-down mode is terminated. Reset 
redefines the SFRs, but does not change the RAM 
contents. The Voo supply can be reduced to 2 V whilst 
the power-down mode is active. Both modes are 
activated by software via the SFR Power Control register 
PCON. PCON is not bit addressable. 


SYMBOL 
PARAMETER 
FUNCTION 


- 
PCON.7 
reserved, don't care 


- 
PCON.6 
reserved, don't care 


- 
PCON.5 
reserved, don't care 


- 
PCON.4 
reserved, don't care 


GF' 
PCON.3 
general purpose flag bit 


GFO 
PCON.2 
general purpose flag bit 


PO 
PCON.' 
enter power-down mode when set; note 1 


IOL 
PCON.O 
enter idle mode when set; note' 


Nole 


1. 
If a logic 1 is written to PO and IOL at the same time, PO takes precedence. 


SFRs 
memory 
mapping 


Table 
23 


The 
83C852 
has the following 
33 Special 
Function 
Registers 
(SFRs) 
available 
to the user. 


SFRs 
SYMBOL 
RESET 
VALUE 
FUNCTION 
ADDRESS 


FBH 
WRLlM 
OOOO.OOOOB 
WRITE 
limit 
register 
for calculation 
unit 


FAH 
RDLIM 
OOOO.OOOOB 
READ 
limit 
for calculation 
unit 


F9H 
CNTCYCL 
OOOO.OOOOB 
cycle 
counter 
for calculation 
unit 


F7H 
ECNTRL2 
XXXX.OOOOB 
EEPROM 
centrol 
register 
(test 
modes) 


F6H 
ECNTRL1 
OOOO.OOOOB 
EEPROM 
control 
register 
(user 
modes) 


F5H 
ETIM 
0000.1000B 
EEPROM 
timer 
register 


F4H 
EDAT 
XXXX.XXXXB 
EEPROM 
data 
register 


F3H 
EADRH 
1000.0000B 
EEPROM 
address 
register 
HIGH 


F2H 
EADRL1 
0000.00008 
EEPROM 
address 
register 
1 LOW, 
address 
pointer 


AIPE 
for calculation 
unit 


F1H 
EADRL2 
OOOO.OOOOB 
EEPROM 
address 
register 
2 LOW, 
address 
pointer 


XIPE 
for calculation 
unit 


FOH 
8 
0000.00008 
8 register 


EOH 
ACC 
0000.00008 
accumulator 


DOH 
PSW 
OOOO.OOOOB 
program 
status 
word 


88H 
IP 
XXXO.00008 
interrupt 
priority 
register 


BOH 
10 
XXXX.XX11B 
1/0 register 
, 


A8H 
IE 
OXXO.OOOOB 
interrupt 
enable 
register 


A7H 
AOPR 
OOOO.OOOOB 
AOPR 
register 
for calculation 
unit 


A6H 
APR 
0000.00008 
APR 
register 
for calculation 
unit 


A5H 
XIPR 
0000.00008 
XIPR 
register 
for calculation 
unit 


A4H 
AIPR 
OOOO.OOOOB 
AIPR 
register 
for calculation 
unit 


A3H 
CXOR 
0000.00008 
CXOR 
register 
for calculation 
unit 


99H 
CMD 
0000.00008 
command 
register 
for calculation 
unit 


98H 
CMDSTAT 
XXXO.00008 
command 
and 
status 
register 
for calculation 
unit 


8DH 
TH1 
OOOO.OOOOB 
TImer 
1 HIGH 


8CH 
THO 
OOOO.OOOOB 
TImer 
0 HIGH 


8BH 
TL1 
0000.00008 
TImer 
1 LOW 


8AH 
TLO 
0000.00008 
TImer 
0 LOW 


89H 
TMOD 
XXOO.XX008 
TImer 
0 and 
1 mode 
control 


88H 
TCON 
0000.XOO08 
Timer 
0 and 
1 control 
and 
external 
interrupt 
control 


87H 
PCON 
XXXX.00008 
power 
control 
register 


83H 
DPH 
OOOO.OOOOB 
data 
pointer 
HIGH 


82H 
DPL 
OOOO.OOOOB 
data 
pointer 
LOW 


81H 
SP 
0000.01118 
stack 
pointer 


.- Bitaddressable 
8 Bytes 


, 


F8 
CNTCYCL 
RDLIM 
WRLlM 
FF 


FO 
B 
EAORL2 
EADRL1 
EADRH 
EDAT 
ETIM 
ECNTRL1 
ECNTRL2 
F7 


E8 
EF 


EO 
ACC 
E7 


08 
OF 


DO 
PSW 
07 


C8 
CF 


CO 
C7 


B8 
IP 
BF 


BO 
10 
B7 


A8 
IE 
AF 


AO 
CXOR 
AIPR 
XIPR 
APR 
AOPR 
A7 


98 
CMDSTAT 
CMD 
9F 


90 
97 


88 TCON 
TMOD 
TLO 
TL1 
THO 
TH1 
8F 


80 
SP 
DPL 
DPH 
PCON 
87 


"'tJ 
C/) 
s; 
;:;' 


eo 
'" 
(') 
(f) 
CJ) 
C 
3 
...• 
8' 
eo 
::l 
a. 
0. 
c: 
ex> 
~ 
I0- 
Cil 
;::;: 
;:: 
i'i' 
3 
8 
o' 
0::l 
...• 
[ 
0 
(') 
~ 
0 
"'tJ 
:J 
8. 
...•. 
...• 
c:0 
0 
Iii 
eo...• 


The instruction set consists of 49 single-byte, 46 two-byte and 16 three-byte instructions. When using a 6 MHz 
external clock, 64 instructions execute in 1 cycle (1 ~s) and 45 instructions execute in 2 cycles (2 ~s). Multiply and 
divide instructions execute in 4 cycles (4 ~s). 


INSTRUCTION SET DESCRIPTION 
For data addressing modes, Hexadecimal opcode cross-reference and invalid instructions, see Table notes. 


MNEMONIC 
DESCRIPTION 
BYTES 
CYCLES 
OPCODE 
(HEX) 


Arithmetic 
operation 


ADD 
A,Rr 
Add register to A 
1 
1 
2" 


ADD 
A,direct 
Add direct byte to A 
2 
1 
25 


ADD 
A,@Ri 
Add indirect RAM to A 
1 
1 
26,27 


ADD 
A,#data 
Add immediate data to A 
2 
1 
24 


ADDC 
A,Rr 
Add register to A with carry flag 
1 
1 
3" 


AD DC 
A,direct 
Add direct byte to A with carry flag 
2 
1 
35 


ADDC 
A,@Ri 
Add indirect RAM to A with carry flag 
1 
1 
36,37 


AD DC 
A,#data 
Add immediate data to A with carry flag 
2 
1 
34 


SUBB 
A,Rr 
Subtract register from A with borrow 
1 
1 
9" 


SUBB 
A,direct 
Subtract direct byte from A with borrow 
2 
1 
95 


SUBB 
A,@Ri 
Subtract indirect RAM from A with borrow 
1 
1 
96,97 


SUBB 
A,#data 
Subtract immediate data from A with borrow 
2 
1 
94 


INC 
A 
IncrementA 
1 
1 
04 


INC 
Rr 
Increment register 
1 
1 
0" 


INC 
direct 
Increment direct byte 
2 
1 
as 


INC 
@Ri 
Increment indirect RAM 
1 
1 
06, 07 


DEC 
A 
Decrement A 
1 
1 
14 


DEC 
Rr 
Decrement register 
1 
1 
1" 


DEC 
direct 
Decrement direct byte 
2 
1 
15 


DEC 
@Ri 
Decrement indirect RAM 
1 
1 
16,17 


INC 
DPTR 
Increment data pointer 
1 
2 
A3 


MUL 
AB 
Multiply A& B 
1 
4 
A4 


DIV 
AB 
Divide A by B 
1 
4 
64 


DA 
A 
Decimal adjust A 
1 
1 
04 


MNEMONIC 
DESCRIPTION 
BYTES 
CYCLES 
OPCODE 


(HEX) 


Logic operations 


ANL 
A,Rr 
AND register to A 
1 
1 
5· 


ANL 
A,direct 
AND direct byte to A 
2 
1 
55 


ANL 
A,@Ri 
AND indirect RAM to A 
1 
1 
56,57 


ANL 
A,#data 
AND immediate data to A 
2 
1 
54 


ANL 
direct,A 
AND A to direct byte 
2 
1 
52 


ANL 
direct,#data 
AND immediate data to direct byte 
3 
2 
53 


ORL 
A,Rr 
OR register to A 
1 
1 
4' 


ORL 
A,direct 
OR direct byte to A 
2 
1 
45 


ORL 
A,@Ri 
OR indirect RAM to A 
1 
1 
46,47 


ORL 
A,#data 
OR immediate data to A 
2 
1 
44 


ORL 
direct,A 
OR A to direct byte 
2 
1 
42 


ORL 
direct,#data 
OR immediate data to direct byte 
3 
2 
43 


XRL 
A,Rr 
Exclusive-OR register to A 
1 
1 
6' 


XRL 
A,direct 
Exclusive-OR direct byte to A 
2 
1 
65 


XRL 
A,@Ri 
Exclusive-OR indirect RAM to A 
1 
1 
66,67 


XRL 
A,#data 
Exclusive-OR immediate data to A 
2 
1 
64 


XRL 
direct,A 
Exclusive-OR A to direct byte 
2 
1 
62 


XRL 
direct,#data 
Exclusive-OR immediate data to direct byte 
3 
2 
63 


CLR 
A 
CiearA 
1 
1 
E4 


CPL 
A 
Complement A 
1 
1 
F4 


RL 
A 
Rotate A left 
1 
1 
23 


RLC 
A 
Rotate A left through the carry flag 
1 
1 
33 


RR 
A 
Rotate A right 
1 
1 
03 


RRC 
A 
Rotate A right through the carry flag 
1 
1 
13 


SWAP 
A 
Swap nibbles within A 
1 
1 
C4 


MNEMONIC 
DESCRIPTION 
BYTES 
CYCLES 
OPCODE 
(HEX) 


Data transfer 


MOV 
A,Rr 
Move register to A 
1 
1 
E· 


MOV 
A,direct"· 
Move direct byte to A 
2 
1 
E5 


MOV 
A,@Ri 
Move indirect RAM to A 
1 
1 
E6, E7 


MOV 
A,#data 
Move immediate data to A 
2 
1 
74 


MOV 
Rr,A 
Move A to register 
1 
1 
F· 


MOV 
Rr,direct 
Move direct byte to register 
2 
2 
A· 


MOV 
Rr,#data 
Move immediate data to register 
2 
1 
r 


MOV 
direct,A 
Move A to direct byte 
2 
1 
F5 


MOV 
direct,Rr 
Move register to direct byte 
2 
2 
8· 


MOV 
direct,direct 
Move direct byte to direct 
3 
2 
85 


MOV 
direct,@Ri 
Move indirect RAM to direct byte 
2 
2 
86,87 


MOV 
direct,#data 
Move immediate data to direct byte 
3 
2 
75 


MOV 
@RI,A 
Move A to indirect RAM 
1 
1 
F6, F7 


MOV 
@Ri,direct 
Move direct byte to indirect RAM 
2 
2 
A6,A7 


MOV 
@Ri,#data 
Move immediate data to indirect RAM 
2 
1 
76,77 


MOV 
DPTR,#data 16 
Load data pointer with a 16-bit constant 
3 
2 
90 


MOVC 
A,@A+DPTR 
Move code byte reiative to DPTR to A 
1 
2 
93 


MOVC 
A,@A+PC 
Move code byte relative to PC to A 
. 
1 
2 
83 


PUSH 
direct 
Push direct byte onto stack 
2 
2 
CO 


POP 
direct 
Pop direct byte from stack 
2 
2 
DO 


XCH 
A,Rr 
Exchange register with A 
1 
1 
C· 


XCH 
A,direct 
Exchange direct byte with A 
2 
1 
C5 


XCH 
A,@Ri 
Exchange indirect RAM with A 
1 
1 
C6, C7 


XCHD 
A,@Ri 
Exchange LOW-order digit indirect RAM with A 
1 
1 
D6,D7 


Note: the followi n9 MOVX instructions 
of 8OC51 set are not applicable 
to 83C852 


MOVX 
A,@Ri 
Move external RAM (8-bit address) to A 
1 
2 
E2, E3 


MOVX 
A,@DPTR 
Move external RAM (16-bit address) to A 
1 
2 
EO 


MOVX 
@Ri,A 
Move A to external RAM (8-bit address) 
1 
2 
F2, F3 


MOVX 
@DPTR,A 
Move A to external RAM (16-bit address) 
1 
2 
FO 


MNEMONIC 
DESCRIPTION 
BYTES 
CYCLES 
OPCODE 
(HEX) 


Boolean variable 
manipulation 


CLR 
C 
Clear carry flag 
1 
1 
C3 


CLR 
bit 
Clear direct bit 
2 
1 
C2 


SETB 
C 
Set carry flag 
1 
1 
03 


SETB 
bit 
Set direct bit 
2 
1 
02 


CPL 
C 
Complement carry flag 
1 
1 
B3 


CPL 
bit 
Complement direct bit 
2 
1 
B2 


ANL 
C,bit 
AND direct bit to carry flag 
2 
2 
82 


ANL 
C,lbit 
AND complement of direct bit to carry flag 
2 
2 
BO 


ORL 
C,bit 
OR direct bit to carry flag 
2 
2 
72 


ORL 
C,lbit 
OR complement of direct bit to carry flag 
2 
2 
AO 


MOV 
C,bit 
Move direct bit to carry flag 
2 
1 
A2 


MOV 
bit,C 
Move carry flag to direct bit 
2 
2 
92 


Program and machine 
control 


ACALL 
addrl1 
Absolute subroutine call 
2 
2 
.1addr 


LCALL 
addr16 
Long subroutine call 
3 
2 
12 


RET 
Return from subroutine 
1 
2 
22 


RETI 
Return from interrupt 
1 
2 
32 


AJMP 
addr11 
Absolute jump 
2 
2 
.1addr 


LJMP 
addr16 
Long jump 
3 
2 
02 


SJMP 
rei 
Short jump (relative address) 
2 
2 
80 


JMP 
@A+DPTR 
Jump indirect relative to the DPTR 
1 
2 
73 


JZ 
rei 
Jump if A is zero 
2 
2 
60 


JNZ 
rei 
Jump if A is not zero 
2 
2 
70 


JC 
rei 
Jump if carry flag is set 
2 
2 
40 


JNC 
rei 
Jump if carry flag is not set 
2 
2 
50 


JB 
bit,rel 
Jump if direct bit is set 
3 
2 
20 


JNB 
bit,rel 
Jump if direct bit is not set 
3 
2 
30 


JBC 
bit,rei 
Jump if direct bit is set and clear bit 
3 
2 
10 


CJNE 
A,direct,rel 
Compare direct to A and jump if not equal 
3 
2 
B5 


CJNE 
A,#data,rel 
Compare immediate to A and jump if not equal 
3 
2 
B4 


CJNE 
Rr,#data, rei 
Compare immed. to reg. and jump if not equal 
3 
2 
B· 


CJNE 
@Ri,#data,rel 
Compare immed. to indoand jump if not equal 
3 
2 
B6, B7 


DJNZ 
Rr,rel 
Decrement register and jump if not zero 
2 
2 
D· 


DJNZ 
direct,rel 
Decrement direct and jump if not zero 
3 
2 
05 


NOP 
No operation 
1 
1 
00 


lJINEMONIC 
DESCRIPTION 


D Ita addressing 
modes 


R' 
working register RO-R7. 


di'ect 
128 internal RAM locations and any special function register (SFR). 


@Ri 
indirect internal RAM location addressed by register ROor R1 of the actual register bank. 


#cJata 
8-bit constant included in instruction. 


#cJata16 
16-bit constant included as bytes 2 and 3 of instruction. 


bit 
direct addressed bit in internal RAM or SFR. 


a<Jdr16 
16-bit destination address. Used by LCALL and LJMP. The branch will be anywhere within the 
64K byte program memory address space. 


a Jdr11 
11-bit destination address. Used by ACALL and AJMP. The branch will be within the same 2K byte 
page of program memory as the first byte of the following instruction. 


"I 
Signed (two's complement) 8-bit offset byte. Used by SJMP and all conditional jumps. Range is 
-128 to +127 bytes relative to first byte of the following instruction. 


~exadecimal 
opcode 
cross-reference 
· 
8, 9, A, B, C, 0, E, F. 
· 
11,31,51,71,91, 
B1, 01, F1. 


• 
01,21,41,61,81,A1,C1,E1. 


IIwalid 
instructions: 


rote •• 
I MOV A, ACC is not a valid instruction. 


~~OVX 
MOVX instructions of 80C51 set are not applicable to 83C852. 


INSTRUCTION MAP 
MOVX instructions not applicable 


rr first 
hexadecimal 
character 
of opcode 


a 
, 
2 
3 
4 
15 
6 
1 7 
819 
I A 
B 
C 
0 
E 
F 
-t 


a 
NOP 
AJMP 
LJMP 
RR A 
INCA 
INC 
INC@Ri 


I' 


INF Rr 


l 
addr' 
, 
addr'6 
dir 
a 
0' 
2 
3 
4 
5 
6 
7 
, 
JBC 
ACALL 
LCALL 
RRC A 
DECA 
DEC 
DEC@Ri 
DEC Rr 
bit,rel 
addr" 
addr'6 
dir 
a 
I' 
a I' 
12 
3 
4 
5 
6 
7 


2 
JB 
AJMP 
RET 
RL A 
ADD 
ADD 
ADD 
A,@Ri 
ADD 
A,Rr 
bit.rel 
addr" 
A,#data 
A,dir 
a 
I , 
a I' 
I 2 
3 
4 
5 
6 
7 


3 
JNB 
ACALL 
RETI 
RLC A 
ADDC 
ADDC 
ADDCA,@Ri 
ADDC 
A,Rr 
bit,rel 
addrl' 
A,#data 
A,dir 
a 
I , 
011 
12 
3 
4 
5 
6 
7 


4 
JC 
AJMP 
ORL 
ORL 
ORL 
ORL 
ORL 
A,@Ri 
ORL 
A,Rr 


rei 
addr' 
, 
dir,A 
dir,#data 
A,#data 
A,dir 
a 
I 1 
a I' I 2 
3 
4 
5 
6 
7 
5 
JNC 
ACALL 
ANL 
ANL 
ANL 
ANL 
ANL 
A,@Ri 
ANL 
A,Rr 
rei 
addr" 
dir,A 
dir,#data 
A,#data 
A,dir 
a 
I , 
a I' I 2 
3 
4 
5 
6 
7 


6 
JZ 
AJMP 
XRL 
XRL 
XRL 
XRL 
XRL 
A,@Ri 
XRL 
A,Rr 


rei 
addr11 
dir,A 
dir,#data 
A,#data 
A,dir 
a 
I , 
a I' 
I 2 
3 
4 
5 
6 
7 


7 
JNZ 
ACALL 
ORL 
JMP 
MOV 
MOV 
MOV @Ri,#data 
MOV 
Rr,#data 
rei 
addr11 
C,bit 
@A+DPTR 
A,#data 
dir,#data 
a 
I , 
a 11 
I 2 
3 
4 
5 
6 
7 
8 
SJMP 
AJMP 
ANL 
MOVC 
DIV 
MOV 
MOVdir,@Ri 
MOV dir,Rr 


rei 
addr" 
C,bit 
A,@A+PC 
AB 
dir,dir 
a 
I , 
a I' I 2 
3 
4 
5 
6 
7 
9 
MOV 
DPTR, 
ACALL 
MOV 
MOVC 
SUBB 
SUBB 
SUBB A,@Ri 
SUBB A,Rr 


#data 
addr" 
bit,C 
A,@A+DPTR 
A.#data 
A,dir 
a 
I , 
011 
12 
3 
4 
5 
6 
7 


A 
ORL 
AJMP 
MOV 
INC 
MUL 
MOV@Ri.dir 
MOV 
Rr,dir 


C,/bit 
addrl1 
C,bit 
DPTR 
AB 
a 
I , 
a I' 
I 2 
3 
4 
5 
6 
7 


B 
ANL 
ACALL 
CPL 
CPL C 
CJNE A, 
CJNE 
CJNE @Ri,#data,rel 
CJNE Rr,#data,rel 
C,/bit 
addrl' 
bit 
#data,rel 
A,dir,rel 
a 
I ' 
a I' I 2 
13 
4 
5 
6 
7 


C 
PUSH 
AJMP 
CLR 
CLR C 
SWAP 
XCH 
XCH A,@Ri 
XCH A.Rr 
dir 
addrl 
, 
bit 
A 
A,dir 
a 
I , 
a l' I 2 
3 
4 
5 
6 
7 
0 
POP 
ACALL 
SETB 
SETB 
DAA 
DJNZ 
XCHDA,@Ri 
DJNZ 
Rr,rel 
dir 
addrll 
bit 
C 
dir,rel 
a 
I , 
a 11 
I 2 
3 
4 
5 
6 
7 


E 
MOVX 
AJMP 
MOVXA.@Ri 
CLR A 
MOV. 
MOV A,@Ri 
MOVA.Rr 
A,@DPTR 
addrll 
a 
I' 
A,dir 
a 
I , 
a 11 
I 2 
3 
4 
5 
6 
7 


F 
MOVX 
ACALL 
MOVX@Ri,A 
CPL A 
MOV 
MOV@Ri,A 
MOV 
Rr,A 
@DPTR.A 
addr11 
a 
I , 
dir,A 
a 
I , 
a I' I 2 
3 
4 
5 
6 
7 


SYMBOL 
PARAMETER 
CONOITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


VO 


V'H 
input voltage HIGH 
IIH 
jmB~) 
::: ±20 IlA 
0.7 x Voo 
- 
Voo +0.3 
V 


Vil 
input voltage LOW 
IlL (mall) 
::: -1 
mA 
-0.3 
- 
0.8 
V 


VOH 
output voltage HIGH 
IOH(~.' 
= -20 ~A; 
3.8 
- 
Voo 
V 


note 1 


VOl 
output voltage LOW 
101.. 
(max) 
::: +1 mA 
0 
- 
04 
V 


Cvo 
input/output pin capacitance 
- 
- 
30 
pF 
~, 
I/O rise/fall times 
C'N = 30 pF; 
- 
- 
1 
~s 


COUT= 30 pF 
. 


CLK 


V'H 
input voltage HIGH 
I'H (~.) 
= ±20 ~A 
0.7 x Voo 
- 
Voo +0.3 
V 


Vil 
input voltage HIGH 
III (m~ I = ±200 ~A 
-0.3 
- 
05 
V 


C, 
input pin capacitance 
- 
- 
30 
pF 
~, 
CLK rise/fall times 
C'N = 30 pF 
- 
- 
9% of period 
~s 


with a max. 
of 0.5 ~s 


RESET 


V'H 
input voltage HIGH 
IIH 
(mell) 
::: ±20 IlA 
0.7 x Voo 
- 
I Voo +0.3 
V 


Vil 
input voltage LOW 
1 III (m~) 
= ±200 ~A 
-0.3 
- 
10.5 
V 


LIMITING 
VALUES 
In accordance with the Absolute Maximum System (IEC 
134) 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 


V, 
input voltage on any pin with respect to ground (Vssl 
-0.5 
±6.5 
V 


I,; 10 
input/output current on 1/01 or 1/02 pin 
- 
±5 
mA 


p~, 
total power dissipation per package 
- 
1 
W 


T.g 
storage temperature range 
-65 
150 
°C 


Tamb 
operating ambient temperature range 
0 
70 
°C 


Inputs and outputs are protected against electrostatic discharge in normal handling. However. to be totally safe. it is 
desirable to take precautions appropriate to handling MOS devices (see 'Handling MOS Devices'). 


CHARACTERISTICS 
Voo ~ 5 V (±10 %); Vss ~ 0 V; T•••• ~ 0 to 70 'C; all voltages with respect to Vss unless otherwise specified. 


SYMBOL 
PARAMETER 
CONDmONS 
MIN. 
TYP. 
MAX. 
UNIT 


DC 


Voo 
supply voltage range 
4.5 
- 
5.5 
V 


100 
supply current 
feU<~ 3.57 MHz 
- 
- 
10 
mA 


100 
supply current operating mode 
feU<~ 6.0 MHz 
- 
- 
15 
mA 


I'D 
supply current idle mode 
feU<~ 6.0 MHz 
- 
- 
3 
mA 


Ipo 
power-down current 
2 V ,; Vpo ,; Voo max. 
- 
- 
100 
~A 


V01; V02 


V. 
input voltage LOW 
-0.5 
0.2 Voo 
V 


V•• 
input voltage HIGH 
0.2 Voo +D.9 
Voo +D.5 
V 


ill 
input current LOW 
V, ~ +0.45 V 
- 
- 
-50 
~A 


I'L 
input current HIGH-to-LOW 
- 
- 
650 
~A 


Vat< 
output voltage HIGH 
Iat<~ -20 ~A 
3.8 
- 
- 
V 


VOl 
output voltage LOW 
10l~ 1.0 mA 
- 
- 
0.4 
V 


V. 
RESET; CLK input voltage 
-0.5 
- 
0.2 Voo -0.1 
V 
LOW 


V," 
RESET; CLK input voitage 
0.7 Voo 
- 
Voo +D.5 
V 


HIGH 


ill 
input leakage current 
0.45 < V, < VDD 
- 
- 
±10 
~A 


(RESET; CLK) 


ESD 
ESD protection 
C ~ 100 pF; R ~ 1.5 k - 
- 
2.0 
kV 


AC 


felK 
ex1ernal clock frequency 
internal operating 
1 
- 
6 
MHz 


frequency ~ feLK 


leve 
cycle time 
1 
- 
- 
~s 


leeK 
clock pulse width 
45 
- 
55 
% 
~ 
clock rise time 
- 
- 
tbf 
ns 


~ 
clock fall time 
- 
- 
tbf 
ns 


tPOR 
power-on reset delay 
tbf 
- 
tbf 
tbf 


t,.. 
reset pulse width 
121feU< 
- 
- 
s 


t" 
EEPROM ERASE time 
- 
5.0 
- 
ms 
t.. 
EEPROM WRITE time 
- 
5.0 
- 
ms 


t, 
EEPROM data retention time 
T"'" 
~ 55' 
C 
10.0 
- 
- 
yrs 


N•..• 
EEPROM endurance (number 
t. ~ 5 ms; t.. ~ 5 ms 
10000 
- 
- 
cycles 
of eraselwrite cycles 


C 
1/01; 1/02; RESET; feU<pin 
feU<~ 1 MHz; Tomb 
~ 
- 
- 
10 
pF 


capacitance 
25 'C 
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Philips Semiconductors 
80C51-Based 
8-Bit Microcontrollers 
-------------------------------------- 


The 12C-bus and how to use it 


(including specification) 


1.0 THE 12C-BUS BENEFITS 
DESIGNERS 
AND 
MANUFACTURERS 
In consum lr electronics, telecommunications 
and indust ial electronics, there are often 
many simil ~rities between seemingly 
unrelated designs. For example, nearly every 
system includes: 
• Some intelligent control, usually a 


single-chip microcontroller 


• General·purpose circuits like LCD drivers, 
remote 110 ports, RAM, EEPROM, or data 
convertHs 


• Applicat on-oriented circuits such as digital 


tuning a ld signal processing circuits for 
radio anj video systems, or DTMF 
generators for telephones with tone dialling 


To exploit· hese similarities to the benefit of 
both syste ns designers and equipment 
manufacturers, as well as to maximize 
hardware nfficiency and circuit simplicity, 
Philips de\'eloped a simple bidirectional 
2-wire bus for efficient inter-IC control. This 
bus is callnd the Inter IC or IlC-bus. At 
present, Plilips' IC range includes more than 
150 CMOH and bipolar IlC-bus compatible 
types for performing functions in all three of 
the previously mentioned categories. All 
IlC-bus cc mpatible devices incorporate 
an on-chip interface which allows them 
to communicate directiy with each other via 
the IlC-bl s. This design concept solves the 
many interfacing problems encountered when 
designing jigital control circuits. 


Here are some of the features of the IlC-bus: 
• Only two bus lines are required; a serial 


data linE (SDA) and a serial clock line 
(SCL) 


• Each device connected to the bus is 


softwarE addressable by a unique address 
and simple masterl slave relationships 
exist at all times; masters can operate as 
master-transmitters or as master-receivers 


• It's a tru 1multi-master bus including 


collision detection and arbitration to 
prevent jata corruption if two or more 
masters simultaneously initiate data 
transfer 


• Serial, 8·bit oriented, bidirectional data 


transfer!; can be made at up to 100 kbiVs 
in the stmdard mode or up to 400 kbiVs in 
the fast node 


• On-chip filtering rejects spikes on the bus 


data line to preserve data integrity 


• The number of ICs that can be connected 
to the same bus is limited only by a 
maximum bus capacitance of 400 pF 


Figure 1 shows two examples of IlC-bus 
applications. 


1.1 
Designer 
Benefits 
IlC-bus compatible ICs allow a system 
design to rapidly progress directly from a 
functional block diagram to a prototype. 
Moreover, since they 'clip' directly onto the 
IlC-bus without any additional external 
interfacing, they allow a prototype system to 
be modified or upgraded simply by 
'clipping' or 'unclipping' ICs to or from the 
bus. 


Here are some of the features of IlC·bus 
compatible ICs which are particularly 
attractive to designers: 
• Functional blocks on the block diagram 
correspond with the actual ICs; designs 
proceed rapidly from block diagram to final 
schematic 


• No need to design bus interfaces because 
the IlC-bus interface is already integrated 
on-chip 


• Integrated addressing and data-transfer 
protocol allow systems to be completely 
software-defined 


• The same IC types can often be used in 
many different applications 


• Design-time reduces as designers quickly 
become familiar with the frequentiy used 
functional blocks represented by IlC-bus 
compatible ICs 


• ICs can be added to or removed from a 
system without affecting any other circuits 
on the bus 


• Fault diagnosis and debugging are simple; 
malfunctions can be immediately traced 


• Software development time can be 
reduced by assembling a library of 
reusable software modules. 


In addition to these advantages,the CMOS 
ICs in the IlC-bus compatible range offer 
designers special features which are 
particularly attractive for portable equipment 
and battery-backed systems. 
They all have: 
• Extremely low current consumption 


• High noise immunity 


• Wide supply voltage range 


• Wide operating temperature range. 


1.2 
Manufacturer 
benefits 
IlC-bus compatible ICs don't only assist 
designers, they also give a wide range 
of benefits to equipment manufacturers 
because: 
• The simple 2-wire serial IlC-bus minimizes 
interconnections so ICs have fewer pins 
and there are not so many PCB tracks; 
result - smaller and less expensive PCBs 


• The completely integrated IlC-bus protocol 
eliminates the need for address decoders 
and other 'glue logic' 


• The multi-master capability of the IlC-bus 
allows rapid testing and alignment of 
end-user equipment via external 
connections to an assembly-line computer 


• The availability of IlC-bus compatible ICs 
in SO (small outline), VSO (very small 
outline) as well as OIL packages reduces 
space requirements even more. 


These are just some of the benefits. 
In addition, IlC-bus compatible ICs increase 
system design flexibility by allowing simple 
construction of equipment variants and easy 
upgrading to keep designs up-to-date. In this 
way, an entire family of equipment can be 
developed around a basic model. Upgrades 
for new equipment, or enhanced-feature 
models (i.e. extended memory, remote 
control, etc.) can then be produced simply by 
clipping the appropriate ICs onto the bus. If a 
larger ROM is needed, it's simply a matter of 
selecting a microcontroller with a larger ROM 
from our comprehensive range. As new ICs 
supersede older ones, it's easy to add new 
features to equipment or to increase its 
performance by simply unclipping the 
outdated IC from the bus and clipping on its 
successor. 


1.3 The ACCESS.bus 
Another attractive feature of the IlC-bus for 
designers and manufacturers is that its 
simple 2-wire nature and capability of 
software addressing make it an ideal platforn1 
for the ACCESS. bus (Fig.2). This is a 
lower-eost alternative for an RS-232C 
interface for connecting peripherals to a host 
computer via a simple 4-pin connector (see 
Section 19). 


Term 
Description 


Transmitter 
The device which sends the data to the bus 


Receiver 
The device which receives the data from the bus 


Master 
The device which initiates a transfer, generates clock signals and terminates a transfer 


Slave 
The device addressed by a master 


Multi-master 
More than one master can attempt to control the bus at the same time without corrupting the message 


Arbitration 
Procedure to ensure that, if more than one master simultaneously tries to control the bus, only one is allowed to do so 
and the message is not corrupted 


Synchronization 
Procedure to synchronize the clock signals of two or more devices 


2.0 
INTRODUCTION 
TO THE 
12C-BUS SE:CIFICATION 
For 8-bit digital control applications, such as 
those requiring microcontrollers, certain 
design criteria :an be established: 
• A complete Iystem usually consists of at 
least one mi<:rocontroller and other 
peripheral dl,vices such as memories and 


1/0 expand9f s 


• The cost of connecting the various devices 
within the sy.;tem must be minimized 


• A system thet performs a control function 


doesn't require high-speed data transfer 


• Overall efficinncy depends on the devices 


chosen and the nature of the 
interconnec~ng bus structure. 


In order to proc uce a system to satisfy these 
criteria, a serial bus structure is needed. 
Although serial buses don't have the 
throughput cap lbility of parallel buses, they 
do require less wiring and fewer IC 
connecting pim,. However, a bus is not 
merely an inten:onnecting wire, it embodies 
all the formats and procedures for 
communication within the system. 


Devices communicating with each other on a 
serial bus must have some form of protocol 
which avoids al possibilities of confusion, 
data loss and b ockage of information. Fast 
devices must !>ol able to communicate with 
slow devices. The system must not be 
dependent on tile devices connected to it, 


otherwise modifications or improvements 
would be impossible. A procedure has also to 
be devised to decide which device will be in 
control of the bus and when. And, if different 
devices with different clock speeds are 
connected to the bus, the bus clock source 
must be defined. All these criteria are 
involved in the specification of the 12C-bus. 


3.0 
THE 12C-BUS CONCEPT 
The 12C-bussupports any IC fabrication 
process (NMOS, CMOS, bipolar). Two wires, 
serial data (SDA) and serial clock (SCL), 
carry information between the devices 
connected to the bus. Each device is 
recognised by a unique address - whether 
it's a microcontroller, LCD driver, memory or 
keyboard interface - and can operate as 
either a transmitter or receiver, depending on 
the function of the device. Obviously an LCD 
driver is only a receiver, whereas a memory 
can both receive and transmit data. In 
addition to transmitters and receivers, 
devices can also be considered as masters 
or slaves when performing data transfers 
(see Table 1). A master is the device which 
initiates a data transfer on the bus and 
generates the clock signals to permit that 
transfer. At that time. any device addressed 
is considered a slave. 


The 12C-busis a multi-master bus. This 
means that more than one device capable of 


controlling the bus can be connected to it. As 
masters are usually micro-controllers. let's 
consider the case of a data transfer between 
two microcontrollers connected to the 
12C-bus (Fig.3). This highlights the 
master-slave and receiver-transmitter 
relationships to be found on the 12C-bus.It 
should be noted that these relationships are 


not permanent, but only depend on the 
direction of data transfer at that time. The 
transfer of data would proceed as follows: 
1. Suppose microcontroller A wants to send 
information to microcontroller B: 


- 
microcontroller A (master), addresses 
microcontroller B (slave) 


- 
microcontroller A (master-transmitter), 
sends data to microcontroller B 
(slave-receiver) 


- 
microcontroller A terminates the transfer. 


2. 
If microcontroller A wants to receive 
information from microcontroller B: 


- 
microcontroller A (master) addresses 
microcontroller B (slave) 


- 
microcontroller A (master-receiver) 
receives data from microcontroller B 
(slave-transmitter) 


- 
microcontroller A terminates the transfer. 


Even in this case. the master (microcontroller 
A) generates 
the timing and terminates 
the 


transfer. 


The possibility of connecting more than one 
microcontroller to the 12C-busmeans that 


more than one master could try to initiate a 
data transfer at the same time. To avoid the 
chaos that might ensue from such an event - 
an arbitration procedure has been developed. 
This procedure relies on the wired·AND 
connection of all 12C interfaces to the 
12C-bus. 


If two or more masters try to put information 
onto the bus, the first to produce a 'one' when 
the other produces a 'zero' will lose the 
arbitration. The clock signals during 
arbitration are a synchronized combination of 
the clocks generated by the masters using 
the wired-AND connection to the SCL line (for 
more detailed information concerning 
arbitration see Section 7.0). 


Generation of clock signals on the 12C-busis 
always the responsibility of master devices; 
each master generates its own clock signals 
when transferring data on the bus. Bus clock 
signals from a master can only be altered 
when they are stretched by a slow-slave 
device holding-down the clock line, or by 
another master when arbitration occurs. 


4.0 
GENERAL 
CHARACTERISTICS 
Both SDA and SCL are bidirectional lines, 
connected to a positive supply voltage via a 
pull-up resistor (see Fig.4). When the bus is 
free, both lines are HIGH. The output stages 
of devices connected to the bus must have 
an open-drain or open-collector in order to 
perform the wired-AND function. Data on the 
12C-buscan be transferred at a rate up to 
100 kbiVs in the standard-mode, or up to 
400 kbiVs in the fast·mode. The number of 
interfaces connected to the bus is solely 
dependent on the bus capacitance limit of 
400 pF. 


5.0 
BIT TRANSFER 
Due to the variety of different technology 
devices (CMOS, NMOS, bipolar) which can 
be connected to the 12C-bus,the levels of the 
logical '0' (LOW) and '1' (HIGH) are not fixed 
and depend on the associated level of VDD 
(see Section 15.0 for Electrical 
Specifications). One clock pulse is generated 
for each data bit transferred. 


5.1 
Data Validity 
The data on the SDA line must be stable 
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during the HIGH period of the clock. The 
HIGH or LOW state of the data line can only 
change when the clock signal on the SCL line 
is LOW (see Fig.5). 


5.2 
START and STOP Conditions 


Within the procedure of the 
12C·bus, unique 


situations arise which are defined as START 
and STOP conditions (see Fig.6). 


A HIGH to LOW transition on the SDA line 
while SCL is HIGH is one such unique case. 
This situation indicates a START condition. 


A LOW to HIGH transition on the SDA line 
while SCL is HIGH defines a STOP condition. 


START and STOP conditions are always 
generated by the master. The bus is 
considered to be busy after the START 
condition. The bus is considered to be free 
again a certain time after the STOP condition. 
This bus free situation is specified in Section 
15.0. 


Detection of START and STOP conditions by 
devices connected to the bus is easy if they 
incorporate the necessary interfacing 
hardware. However, microcontrollers with no 
such interface have to sample the SDA line at 
least twice per clock period in order to sense 
the transition. 
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6.1 
Byte Format 


Every byte put on the SDA line must be B-bits 
long. The nl mber of bytes that can be 
transmitted per transfer is unrestricted. Each 
byte has to lte followed by an acknowledge 
bit. Data is U ansferred with the most 
significant bit (MSB) first (Fig.?). If a receiver 
can't receivE another complete byte of data 
until it has p ~rformed some other function, for 
example servicing an internal interrupt, it can 
hold the clexkline SCL LOW to force the 
transmitter illto a wait state. Data transfer 
then continues when the receiver is ready for 
another bytE of data and releases clock line 
SCL. 


In some casas, it's permitted to use a 
different fornat from the 12C-bus format (for 
CBUS compatible devices for example). A 
message wt ich starts with such an address 
can be terminated by generation of a STOP 


condition, even during the transmission of a 
byte. In this case, no acknowledge is 
generated (see Section 9.1.3). 


6.2 Acknowledge 
Data transfer with acknowledge is obligatory. 
The acknowledge-related 
clock pulse is 
generated by the master. The transmitter 
releases the SDA line (HIGH) during the 
acknowledge clock pulse. 


The receiver must pull down the SDA line 
during the acknowledge clock pulse so that it 
remains stable LOW during the HIGH period 
of this clock pulse (Fig.B). Of course, set-up 
and hold times (specified in Section 15) must 
also be taken into account. 


Usually, a receiver which has been 
addressed is obliged to generate an 
acknowledge after each byte has been 
received, except when the message starts 
with a CBUS address (see Section 9.1.3). 


When a slave-receiver doesn't acknowledge 
the slave address (for example, it's unable to 
receive because it's performing some 
real-time function), the data line must be left 
HIGH by the slave. The master can then 
generate a STOP condition to abort the 
transfer. 


If a slave-receiver does acknowledge the 
slave address but, some time later in the 
transfer cannot receive any more data bytes, 
the master must again abort the transfer. This 
is indicated by the slave generating the not 
acknowledge on the first byte to follow. The 
slave leaves the data line HIGH and the 
master generates the STOP condition. 


If a master-receiver is involved in a transfer, it 
must signal the end of data to the slave- 
transmitter by not generating an acknowledge 
on the last byte that was clocked out ot the 
slave. The slave-transmitter must release the 
data line to allow the master to generate the 
STOP condition. 
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7.0 
ARBITRATION 
AND CLOCK 
GENERATION 


7.1 
Synchronization 
All masters generate their own clock on the 
SCL line to transfer messages on the 


12C-bus. Data is only valid during the HIGH 
period of the clock. A defined clock is 
therefore needed for the bit-by-bit arbitration 
procedure to take place. 


Clock synchronization is performed using the 
wired-AND connection of 12Cinterfaces to the 
SCL line. This means that a HIGH to LOW 
transition on the SCL line will cause the 
devices concerned to start counting off their 
LOW period and, once a device clock has 
gone LOW, it will hold the SCL line in that 
state until the clock HIGH state is reached 
(Fig.9). However, the LOW to HIGH transition 
of this clock may not change the state of the 
SCL line if another clock is still within its LOW 
period. The SCL line will therefore be held 
LOW by the device with the longest LOW 
period. Devices with shorter LOW periods 
enter a HIGH wait-state during this time. 


When all devices concerned have counted off 
their LOW period, the clock line will be 
released and go HIGH. There will then be no 
difference between the device clocks and the 
state of the SCL line, and all the devices will 
start counting their HIGH periods. The first 
device to complete its HIGH period will again 
pull the SCL line LOW. 


In this way, a synchronized SCL clock is 
generated with its LOW period determined by 
the device with the longest clock LOW 
period, and its HIGH period 
determined by the one with the shortest clock 
HIGH period. 


7.2 
Arbitration 
A master may start a transfer only if the bus 
is free. Two or more masters may generate a 
START condition within the minimum hold 


time (tHD;STA)of the START condition which 
results in a defined START condition to the 
bus. 


Arbitration takes place on the SDA line, while 
the SCL line is at the HIGH level, in such a 
way that the master which transmits a HIGH 
level, while another master is transmitting a 
LOW level will switch off its DATA output 
stage because the level on the bus doesn't 
correspond to its own level. 


Arbitration can continue for many bits. Its first 
stage is comparison of the address bits 
(addressing information is in Sections 9.0 
and 13.0). If the masters are each trying to 
address the same device, arbitration 
continues with comparison of the data. 
Because address and data information on the 
12C-busis used for arbitration, no information 
is lost during this process. 


A master which loses the arbitration can 
generate clock pulses until the end of the 
byte in which it loses the arbitration. 


If a master also incorporates a slave function 
and it loses 


arbitration during the addressing stage, it's 
possible that the winning master is trying to 
address it. The losing master must therefore 
switch over immediately to its slave-receiver 
mode. 


Figure 10 shows the arbitration procedure for 
two masters. Of course, more may be 
involved (depending on how many masters 
are connected to the bus). The moment there 
is a difference between the intemal data level 
of the master generating DATA 1 and the 
actual level on the SDA line, its data output is 
switched off, which means that a HIGH 
output level is then connected to the bus. 
This will not affect the data transfer initiated 
by the winning master. 


Since control of the 12C-bus is decided solely 
on the address and data sent by competing 


masters, there is no central master, nor any 
order of priority on the bus. 


Special attention must be paid if, during a 
serial transfer, the arbitration procedure is still 
in progress at the moment when a repeated 
START condition or a STOP condition is 
transmitted to the 12C-bus.If it's possible for 
such a situation to occur, the masters 
involved must send this repeated START 
condition or STOP condition at the same 
position in the format frame. In other words, 
arbitration isn't allowed between: 


- A repeated START condition and a data 


bit 


- 
A STOP condition and a data bit 


- 
A repeated START condition and a 
STOP condition. 


7.3 
Use of the Clock 
Synchronising 
Mechanism 
as a 


Handshake 
In addition to being used dUring the 
arbitration procedure, the clock 
synchronization mechanism can be used to 
enable receivers to cope with fast data 
transfers, on either a byte level or a bit level. 


On the byte level, a device may be able to 
receive bytes of data at a fast rate, but needs 
more time to store a received byte or prepare 
another byte to be transmitted. Slaves can 
then hold the SCL line LOW after reception 
and acknowledgement of a byte to force the 
master into a wait state until the slave is 
ready for the next byte transfer in a type of 
handshake procedure. 


On the bit level, a device such as a 
microcontroller without, or with only a limited 
hardware 12Cinterface on-chip can slow 
down the bus clock by extending each clock 
LOW period. The speed of any master is 
thereby adapted to the intemal operating rate 
of this device. 


8.0 FORUATS WITH 7-BIT 
ADDRESl,ES 
Data transfe's follow the format shown in 
Fig.11. After the START condition (S), a slave 
address is s<mt.This address is 7 bits long 
followed by an eighth bit which is a data 
direction bit RIW) - a 'zero' indicates a 
transmissior 
(WRITE), a 'one' indicates a 


request for cala (READ). A data transfer is 
always term nated by a STOP condition (P) 
generated lY, the master. However, if a 
master still vlishes to communicate on the 
bus, it can g3nerate a repeated START 
condition ( 
.)and address another slave 


without first )enerating a STOP condition. 
Various combinations of read/write formats 
are then PO! sible within such a transfer. 


Possible data transfer formats are: 


- 
Master-transmitter 
transmits 
to 
slave-receiver. 
The transfer 
direction 


is not changed 
(Fig.12) 


- 
Master reads slave immediately 
after 
first byte (Fig.13). At the moment of the 
first acknowledge, the master-transmitter 
becomes a master-receiver and the 
slave-receiver becomes a 
slave-transmitter. This acknowledge is 
still generated by the slave. The STOP 
condition is generated by the master 


- 
Combined 
format (Fig.14). During a 
change of direction within a transfer, the 
START condition and the slave address 
are both repeated, but with the RIW bit 
reversed. 


NOTES: 


1. Combined formats can be used, for 
example, to control a serial memory. 
During the first data byte, the intemal 
memory location has to be written. After 
the START condition and slave address is 
repeated, data can be transferred. 


2. All decisions on auto-increment or 


decrement of previously accessed 
memory locations etc. are taken by the 
designer oflhe device. 


3. 
Each byte is followed by an 
acknowledgement 
bit as indicated by the 


A or A blocks in the sequence. 


4. 
12C-bus compatible devices must reset 
their bus logic on receipt of a START or 
repeated START condition such that they 
all anticipate the sending of a slave 
address. 
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Slave address 
Rlbit 
Description 


0000 000 
0 
General call address 


0000 000 
1 
START byte 


0000001 
X 
CBUS address 


0000010 
X 
Address reserved for different bus format 


0000011 
X 
Reserved for future purposes 


00001XX 
X 
Reserved for future purposes 


lllllXX 
X 
Reserved for future purposes 


11110XX 
X 
10-bit slave addressing 


NOTES: 
1. No device is allowed to acknowledge at the reception of the START byte. 
. 
.. 
2. The CBUS address has been reserved to enable the inter-mixing of CBUS compatible and 12C-bus compatible devIces In the same system. 
12C-bus compatible devices are not allowed to respond on reception of this address. 
. 
2 
.. 
3. The address reserved for a different bus format is included to enable 12Cand other protocols to be mixed. Only I C-bus compatible devices 
that can work with such formats and protocols are allowed to respond to this address. 


9.0 7-BIT ADDRESSING 
(see Section 
13.0 for 10-Bit 
Addressing) 
The addressing procedure for the 12C-busis 
such that the first byte after the START 
condition usually determines which slave will 
be selected by the master. The exception is 
the 'general call' address which can address 
all devices. When this address is used, all 
devices should, in theory, respond with an 
acknowledge. However, devices can be 
made to ignore this address. The second 
byte of the general call address then defines 
the action to be taken. This procedure is 
explained in more detail in Section 9.1.1. 


9.1 Definition 
of Bits in the First 


Byte 
The first seven bits of the first byte make up 
the slave address (Fig.15). The eighth bit is 
the LSB (least significant bit). It determines 
the direction of the message. A 'zero' in the 
least significant position of the first byte 
means that the master will write information 
to a selected slave. A 'one' in this position 
means that the master will read information 
from the slave. 


When an address is sent, each device in a 
system compares the first seven bits after the 
START condition with its address. If they 
match, the device considers itself addressed 
by the master as a slave-receiver or 
slave-transmitter, depending on the RIW bit. 


A slave address can be made-up of a fixed 
and a programmable part. Since it's likely that 
there will be several identical devices in a 
system, the programmable part of the slave 
address enables the maximum possible 
number of such devices to be connected to 


the 12C-bus.The number of programmable 
address bits of a device depends on the 
number of pins available. For example, if a 
device has 4 fixed and 3 programmable 
address bits, a total of 8 identical devices can 
be connected to the same bus. 


The 12C-bus committee coordinates 
allocation of 12Caddresses. Further 
information can be obtained from the Philips 
representatives listed on the back cover. Two 
groups of eight addresses (OOOOXXXand 
1111XXX) are reserved for the purposes 
shown in Table 2. The bit combination 
11110XX of the slave address is reserved for 
10-bitaddressing 
(see Section 13). 


9.1.1 General 
Call Address 
The general call address is for addressing 
every device connected to the 12C-bus. 
However, if a device doesn't need any of the 
data supplied within the general call 
strucfure, it can ignore this address by not 
issuing an acknowledgement. 
If a device 


does require data from a general call 
address, it will acknowledge this address and 
behave as a slave-receiver. The second and 
following bytes will be acknowledged by 
every slave-receiver capable of handling this 
data. A slave which cannot process one of 
these bytes must ignore it by not 
acknowledging. The meaning of the general 
call address is always specified in the second 
byte (Fig.16). 


There are two cases to consider: 
• When the least significant bit B is a 'zero' 


• When the least significant bit B is a 'one'. 


When bit B is a 'zero'; the second byte has 
the following definition: 


- 
00000110 (H'06'). Reset and write 
programmable part of slave address by 
hardware. On receiving this 2-byte 
sequence, all devices designed to 
respond to the general call address will 
reset and take in the programmable part 
of their address. Precautions have to be 
taken to ensure that a device is not 
pulling down the SDA or SCL line after 
applying the supply voltage, since these 
low levels would block the bus 


- 
00000100 (H'04'). Write programmable 
part of slave address by hardware. All 
devices which define the programmable 
part of their address by hardware (and 
which respond to the general call 
address) will latch this programmable 
part at the reception of this two byte 
sequence. The device will not reset. 


- 
00000000 (H'OO').This code is not 
allowed to be used as the second byte. 


Sequences of programming procedure are 
published in the appropriate device data 
sheets. 


The remaining codes have not been fixed 
and devices must ignore them. 


When bit B is a 'one'; the 2-byte sequence is 
a 'hardware general call'. This means that the 
sequence is transmitted by a hardware 
master device, such as a keyboard scanner, 
which cannot be programmed to transmit a 
desired slave address. Since a hardware 
master doesn't know in advance to which 
device the message has to be transferred, it 
can only generate this hardware general call 
and its own address - identifying itself 10 the 
system (Fig.17). 


The seven bits remaining in the second byte 
contain the address of the hardware master. 


This address is recognised by an intelligent 
device (e.g. a r1icrocontroller) connected to 
the bus which will then direct the information 
from the hardware master. If the hardware 
master can also act as a slave, the slave 
address is identical to the master address. 


In some systems, an alternative could be that 
the hardware master transmitter is set in the 
slave-receiver mode after the system reset. 
In this way, a system configuring master can 
tell the hardware master-transmitter (which is 


now in slave-receiver mode) to which 
address data must be sent (Fig.18). After this 
programming procedure, the hardware 
master remains in the master-transmitter 
mode. 
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9.1.2 START byte 
Microcontrollers can be connected to the 


12C-bus in two ways. A microcontroller with 
an on-Chip hardware 12C-bus interface can be 
programmed to be only interrupted by 
requests Irom the bus. When the device 
doesn't have such an interface, it must 
constantly monitor the bus via software. 
Obviously, the more times the microcontroller 
monitors, or polls the bus, the less time it can 
spend carrying out its intended lunction. 


There is therelore a speed difference 
between last hardware devices and a 
relatively slow microcontroller which relies on 
software polling. 


In this case, data transler can be preceded 
by a start procedure which is much longer 
than normal (Fig.19). The start procedure 
consists 01: 


- 
A START condition (S) 


- 
A START byte (00000001) 


- An acknowledge clock pulse (ACK) 


- A repeated START condition (Sr). 


Alter the START condition S has been 


transmitted by a master which requires bus 
access, the START byte (00000001) is 
transmitted. Another microcontroller can 
therelore sample the SDA line at a low 
sampling rate until one 01the seven zeros in 
the START byte is detected. Alter detection 
01this LOW level on the SDA line, the 
microcontroller can switch to a higher 
sampling rate to find the repeated START 
condition Sr which is then used lor 
synchronization. 


A hardware receiver will reset on receipt 01 
the repeated START condition Sr and will 
therelore ignore the START byte. 


An acknowledge-related 
clock pulse is 
generated alter the START byte. This is 
present only to conlorm with the byte 
handling lormat used on the bus. No device 
is allowed to acknowledge the START byte. 


9.1.3 
CBUS Compatibility 
CBUS receivers can be connected to the 
12C-bus.However, a third bus line called 
DLEN must then be connected and the 


acknowledge bit omitted. Normally, 
12C 


transmissions are sequences 018-bit bytes; 
CBUS compatible devices have different 
lormats. 


In a mixed bus structure, 12C-busdevices 
must not respond to the CBUS message. For 
this reason, a special CBUS address 
(0000001 X) to which no 12C-buscompatible 
device will respond, has been reserved. Alter 
transmission 01the CBUS address, the DLEN 
line can be made active and a CBUS-Iormat 
transmission (Rg.20) sent. Alter the STOP 
condition, all devices are again ready to 
accept data. 


Master-transmitters can send CBUS lormats 
alter sending the CBUS address. The 
transmission is ended by a STOP condition, 
recognised by all devices. 


NOTE: If the CBUS configuration is known, 
and expansion with CBUS compatible 
devices isn't loreseen, the designer is 
allowed to adapt the hold time to the specific 
requirements 01the device(s) used. 


10.0 
ELECTRICAL 


CHARACTERISTICS 
FOR 12C-BUS 
DEVICES 
The electriCE.1specifications for the I/Os of 
12C-bus devi:es and the characteristics of the 
bus lines connected to them are given in 
Tables 3 ana 4 in Section 15. 


must be connected to a 5 V ± 10% supply 
(Fig.21). 12C-busdevices with input levels 
related to VDD must have one common 
supply line to which the pull-up resistor is 
also connected (Fig.22). 


When devices with fixed input levels are 
mixed with devices with input levels related to 
VDD, the latler devices must be connected to 
one common supply line of 5 V ± 10% and 
must have pull-up resistors connected to their 
SDA and SCL pins as shown in Fig.23. 


Input levels are defined in such a way that: 


- 
The noise margin on the LOW level is 
0.1 VDD 


- The noise margin on the HIGH level is 


0.2VDD 


- 
As shown in Fig.24, series resistors (Rs) 
of e.g. 300 ncan be used for protection 
against high-voltage spikes on the SDA 
and SCL lines (due to flash-over of a TV 
picture tube, for example). 


12C-busdevi :es with fixed input levels of 
1.5 V and 3 V can each have their own 
appropriate r;upply voltage. Pull-up resistors 


Rp 


SOA 


seL 


Rp 


SOA 


seL 


Figure 23. Devices with Input Levels Related to Voo (Supply V001) 
Mixed with Fixed Input Level Devices (Supply V002 3) on the 12C-Bus 


10.1 Maximum and minimum 
values of resistors Rp and Rs 
For standard-mode 12C-busdevices, the 
values of resistors Rp and Rs in Fig.24 
depend on the following parameters: 
- 
Supply voltage 


- 
Bus capacitance 


- 
Number of connected devices (input 
current + leakage current). 


The supply voltage limits the minimum value 
of resistor Rp due 


to the specified minimum sink current of 3 mA 
at VOLmax= 0.4 V for the output stages. VDD 
as a function of Rp minis shown in Fig.25. 
The desired noise margin of O.1VDDfor the 
LOW level, limits the maximum value of Rs. 
Rs maxas a function of Rp is shown in 
Fig.26. 


The bus capacitance is the total capacitance 
of wire, connections and pins. This 
capacitance limits the maximum value of Rp 
due to the specified rise time. Fig.27 shows 


The maximum HIGH level input current of 
each inpuVoutput connection has a specified 
maximum value of 10 1IA. Due to the desired 
noise margin of 0.2VDD for the HIGH level, 
this input current limits the maximum value of 
Rp. This limit depends on VDD.The total 
HIGH level input current is shown as a 
function of Rp max in Rg.28. 


11.0 EXTENSIONS TO THE 
12C-BUS SPECIFICATION 
The 12C-buswith a data transfer rate of up to 
100 kbiVs and 7-bit addressing has now been 
in existence for more than ten years with an 
unchanged specification. The concept is 
accepted world-wide as a de facto standard 
and hundreds of different types of 12C-bus 
compatible ICs are available from Philips and 
other suppliers. The 12C-busspecification is 
now extended with the following two features: 


Figure 25. Minimum 
Value of Rp as a Function 
of 
Supply Voltage with the Value of Rs as a Parameter 


• A fast-mode 
which allows a fourfold 


increase of the bit rate to 0 to 400 kbiVs 


• 1O-bit addressing 
which allows the use of 


up to 1024 additional addresses. 


There are two reasons for these extensions 
to the 12C-busspecification: 


- 
New applications will need to transfer a 
larger amount of serial data and will 
therefore demand a higher bit rate than 
100 kbiVs. Improved IC manufacturing 
technology now allows a fourfold speed 
increase without increasing the 
manufacturing cost of the interface 
circuitry 


- 
Most of the 112 addresses available with 
the 7-bit addressing scheme have been 
issued more than once. To prevent 
problems with the allocation of slave 
addresses for new devices, it is 
desirable to have more address 
combinations. About a tenfold increase 
of the number of available addresses is 
obtained with the new 1O-bit addressing. 


Figure 26. Maximum 
Value of Rs as a Function 
of 


the Value of Rp with Supply Voltage as a Parameter 
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Figure 27. Maximum 
Value of Rp as a Function 
of 


Bus Capacitance 
for a Standard-Mode 
(2C-Bus 
Figure 28. Total HIGH Level Input Current as a Function 
of 


the Maximum Value of Rp with Supply Voltage as a Parameter 


All new devices with an 12C-bus interface are 
provided with Ihe fast-mode. Preferably, they 
should be ablE to receive and/or transmit at 
400 kbitls. Th l minimum requirement is that 
they can synchronize with a 400 kbitls 
transfer; they "an then prolong the LOW 
period of the SCL signal to slow down the 
transfer. Fast-mode devices must be 
downward-cor lpatible which means that they 
must still be aille to communicate with 0 to 
100 kbitls devices in a 0 to 100 kbitls 


12C-bus systen. 


Obviously, de~ices with a 0 to 100 kbitls 


12C-bus interfa ce cannot be incorporated in a 
fast-mode 
12c- bus system because, since 


they cannot fa low the higher transfer rate, 
unpredictable 
,tates of these devices would 


occur. 


Slave devices with a fast-mode 
12C-bus 


interface can t ave a 7-bit or a 10-bit slave 
address. Howllver, a 7-bit address is 
preferred becf use it is the cheapest solution 
in hardware ar id it results in the shortest 
message lenglh. Devices with 7-bit and 10-bit 
addresses car be mixed in the same 
12C-bus 


system regard ess of whether it is a 0 to 
100 kbitls star Idard-mode system or a 0 to 
400 kbitls fast ·mode system. Both existing 
and future ma!,ters can generate either 7-bit 
or 1O-bit addre sses. 


12.0 FAST"MODE 
In the fast-mo<le of the 12C-bus, the protocol, 
format, logic Ievels and maximum capacitive 
load for the SCA and SCL lines quoted in the 
previous 
12C-b JSspecification are 


unchanged. Clranges to the previous 12C-bus 
specification am: 
- The maxir num bit rate is increased to 
400 kbitls 


- Timing of' he serial data (SDA) and 


serial cloc < (SCL) signals has been 
adapted .• 'here is no need for 
compatibil ity with other bus systems 
such as C 3US because they cannot 
operate at the increased bit rate 


- The input! of fast-mode devices must 


incorpora13 spike suppression and a 
Schmitt tri 1ger at the SDA and SCL 
inputs 


- The outpu: buffers of fast-mode devices 


must incor porate slope control of the 
falling edges of the SDA and SCL 
signals 


- 
If the pow,,, supply to a fast-mode 
device is switched off, the SDA and SCL 
I/O pins m Jst be floating so that they 
don't obst, uct the bus lines 


- The exterr al pull-up devices connected 


to the bus lines must be adapted to 
accommo<late the shorter maximum 


permissible rise time for the fast-mode 


12C-bus. For bus ioads up to 200 pF, the 
pull-up device for each bus line can be a 
resistor; for bus loads between 200 pF 
and 400 pF, the pull-up device can be a 
current source (3mA max.) or a switched 
resistor circuit as shown in Fig.37. 


13.0 1O-BIT ADDRESSING 
The 1O-bit addressing does not change the 
format in the 12C-bus specification. Using 10 
bits for addressing expioits the reserved 
combination 1111XXX for the first seven bits 
of the first by1efollowing a START (S) or 
repeated START (Sr) condition as explained 
in Section 9.1. The 10-bit addressing does 
not affect the existing 7-bit addressing. 
Devices with 7-bit and 1O-bit addresses can 
be connected to the same 
12C-bus, and both 
7-bit and 10-bit addressing can be used in a 
standard-mode system (up to 100 kbitls) or a 
fast-mode system (up to 400 kbitls). 


Although there are eight possible 
combinations of the reserved address bits 
1111XXX, only the four combinations 
11110XX are used for 1O-bit addressing. The 
remaining four combinations 11111XX are 
reserved for future 
12C-bus enhancements. 


13.1 Definition 
of Bits in the First 
Two Bytes 
The 1O-bit slave address is formed from the 
first two by1esfollowing a START condition 
(S) or a repeated START condition (Sr). 


The first seven bits of the first by1eare the 
combination 1111OXX of which the last two 
bits (XX) are the two most-significant bits 
(MSBs) of the 10-bit address; the eighth bit of 
the first by1e is the RIW bit that determines 
the direction of the message. A 'zero' in the 
least significant position of the first by1e 
means that the master will write information 
to a selected slave. A 'one' in this position 
means that the master will read information 
from the slave. 


II the RIW bit is 'zero', then the second by1e 
contains the remaining 8 bits (XXXXXXXX) of 
the 10-bit address. II the RIW bit is 'one', then 
the next by1econtains data transmitted from 
a siave to a master. 


13.2 Formats 
with 1a-bit 
Addresses 
Various combinations of read/write formats 
are possible within a transfer that includes 
1O-bit addressing. Possibie data transfer 
formats are: 


- 
Master-transmitter 
transmits 
to 
slave-receiver 
with a 10-bit slave 
address. The transfer 
direction 
is not 


changed 
(Fig.29). When a 10-bit 


address follows a START condition, 
each slave compares the first seven bits 
of the first by1eof the slave address 
(11110XX) with its own address and 
tests if the eighth bit (RIW direction bit) is 
O. It is possible that more than one 
device will find a match and generate an 
acknowledge (A1). All slaves that found 
a match will compare the eight bits of the 
second by1eof the slave address 
(XXXXXXXX) with their own addresses, 
but only one slave will find a match and 
generate an acknowledge (A2). The 
matching slave will remain addressed by 
the master until it receives a STOP 
condition (P) or a repeated START 
condition (Sr) followed by a different 
slave address 


NOTES: 


1. Combined formats can be used, for 


example, to control a serial memory. 
During the first data by1e,the internal 
memory location has to be written. After 
the START condition and slave address is 
repeated, data can be transferred. 
2. All decisions on auto-increment or 


decrement of previously accessed 
memory locations etc. are taken by the 
designer of the device. 


3. 
Each by1e is followed by an 
acknowledgement 
bit as indicated by the 


A or A blocks in the sequence. 
4. 
12C-bus compatible devices must reset 
their bus logic on receipt of a START or 
repeated START condition such that they 
all anticipate the sending of a slave 
address. 


- 
Master-receiver 
reads slave- 


transmitter 
with a 1O-bit slave 
address. 
The transfer 
direction 
is 
changed 
after the second R!W bit 
(Fig.30). Up to and inclUding 
acknowledge bit A2, the procedure is the 
same as that described for a 
master-transmitter addressing a 
slave-receiver. After the repeated 
START condition (Sr), a matching slave 
remembers that it was addressed before. 
This slave then checks if the first seven 
bits of the first by1eof the slave address 
following Sr are the same as they were 
after the START condition (S), and tests 
if the eighth (RIW) bit is 1. If there is a 
match, the slave considers that it has 
been addressed as a transmitter and 
generates acknowledge A3. The 
siave-transmitter 
remains addressed 


until it receives a STOP condition (P) or 
until it receives another repeated START 
condition (Sr) followed by a different 
siave address. After a repeated START 
condition (Sr), all the other slave devices 
will also compare the first seven bits of 
the first by1eof the slave address 
(11110XX) with their own addresses and 


test the eighth (RIW) bit. However, none 
of them will be addressed because RIW 
= 1 (for 10-bit devices), or the 11110XX 
slave address (for l-bit devices) does 
not match) 


- 
Combined 
format. 
A master transmits 


data to a slave and then reads data 
from the same slave (Fig.31). The 
same master occupies the bus all the 


time. The transfer direction is changed 
after the second RIW bit 
- 
Combined 
format. A master transmits 
data to one slave and then transmits 
data to another 
slave (Fig.32). The 


same master occupies the bus all the 
time 
- 
Combined 
format. 
1D-bit and l-bit 
addressing 
combined 
in one serial 


transfer 
(Fig.33). After each START 


condition (5), or each repeated START 
condition (Sr), a 1O-bit or l-bit slave 
address can be transmitted. Figure 33 
shows how a master·transmits data to a 
slave with a l-bit address and then 
transmits data to a second slave with a 
10-bit address. The same master 
occupies the bus all the time. 


Figure 31. Combined 
Format. 
A Master Addresses 
a Slave with a 10-Bit 


Address, 
then Transmits 
Data to this Slave and Reads Data from this Slave 
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Parameter 
Symbol 
standard-mode devices 
fast-mode devices 
Unit 


Min. 
Max. 
Min. 
Max. 


LOW level inpllt voltage: 
V1L 
--{).5 
1.5 
--{).5 
1.5 
V 


fixed input levels 
--{).5 
0.3Voo 
--{).5 
0.3Voo 
Voo-relate<1 input levels 


HIGH level input voltage: 
VIH 
3.0 
·1) 
3.0 
·1) 
V 
fixed input levels 
O·7Voo 
.1) 
0.7Voo 
.1) 


Voo-relate< input levels 


Hysteresis of ~.chmitt trigger inputs: 
Vhys 
nla 
nla 
0.2 
V 
fixed input levels 
nla 
nla 
0.05Voo 
Voo-relate< input levels 


Pulse width of spikes which must be suppressed by the input 
tsp 
nla 
nla 
0 
50 
ns 
filter 


LOW level ou4,ut voltage (open drain or open cOllector): 
VOLl 
0 
0.4 
0 
0.4 
V 


at 3 mA sir k current 
VOL2 
n/a 
nla 
0 
0.6 
at 6 mA sir k current 


Output fall timE from V1Hmin.to V1Lmax.with a bus capacitance 
loF 
2502) 
20 + 0.lCb2) 
250 
ns 
from 10 pF to 100 pF: 
nla 
20 + 0.lCb2) 
2503) 


with up to 3 mA sink current at VOL1 
- 
2502) 
20 + 0.lCb2) 
250 


with up to 6 mA sink current at VOL2 
nla 
nla 
20 + 0.lCb2) 
2503) 


Input current e lch I/O pin with an input voltage between 0.4 V 
Ii 
-10 
10 
$103) 
103) 
1lA 


and 0.9Voo ma<. 


Capacitance fer each I/O pin 
Cj 
10 
10 
pF 


NOTES: 
nla = not applics ble 


1. maximum VIII = V00 max.+ 0.5 V 


2. Cb = capacillince 
of one bus line in pF. Note that the maximum tF for the SDA and SCL bus lines quoted in Table 4 (300 ns) is longer than 
the specified maximum loF for the output stages (250 ns). This allows series protection resistors (Rs)to be connected between the 
SDAlSCL pi s and the SDAlSCL bus lines as shown in Fig.37 without exceeding the maximum specified tF 


3. I/O pins of faj;t-mode devices must not obstruct the SDA and SCL lines if Voo is switched off. 


14.0 
GENERAL 
CALL ADDRESS 
AND START BYTE 
The 1O-bit addressing procedure for the 


12C-bus is such that the first two bytes after 
the START condition (S) usually determine 
which stave will be selected by the master. 
The exception is the 'general call' address 
00000000 (H'OO').Slave devices with 10-bit 
addressing will react to a 'general call' in the 
same way as slave devices with 7-bit 
addressing (see Section 9.1.1). 


Hardware masters can transmit their 10-bit 
address after a 'general call'. In this case, the 
'general call' address byte is followed by two 
successive bytes containing the 10-bit 
address of the master-transmitter. The format 
is as shown in Fig.17 where the first DATA 
byte contains the eight least-significant bits of 
the master address. 


The START byte 00000001 (H'01') can 
precede the 1O-bit addressing in the same 
way as for 7-bit addressing (see Section 
9.1.2). 


15.0 
ELECTRICAL 
SPECIFICATIONS 
The 1/0 levels, 1/0 current, spike 
suppression, output slope control and pin 
capacitance for 12C-bus devices are given in 
Table 3. The 12C-bustiming is given in Table 
4. Figure 34 shows the timing definitions for 
the 12C-bus. 


The noise margin for HIGH and LOW levels 
on the bus lines for fast-mode devices are the 
same as those specified in Section 10.0 for 
standard-mode 12C-bus devices. 


The minimum HIGH and LOW periods of the 
SCL clock specified in Table 4 determine the 
maximum bit transfer rates of 100 kbitls for 
standard-mode devices and 400 kbitls for 
fast mode devices. Standard-mode and 
fast-mode 12C-busdevices must be able to 
follow transfers at their own maximum bit 
rates, either by being able to transmit or 
receive at that speed or by applying the clock 
synchronization procedure described in 
Section 7 which will force the master into a 
wait state and stretch the LOW period of the 
SCL signal. Of course, in the tatter case the 
bit transfer rate is reduced. 


16.0 
APPLICATION 
INFORMATION 


16.1 
Slope-Controlled 
Output 
Stages of Fast-Mode 
12C-Bus 
Devices 
The electrical specifications for the II0s of 


12C-bus devices and the characteristics of the 
bus lines connected to them are given in 
Tables 3 and 4 in Section 15. 


Figures 35 and 36 show examples of output 
stages with slope control in CMOS and 
bipolar technology. The slope of the falling 
edge is defined by a Miller capacitor (C1) and 
a resistor (R1). The typical values for C1 and 
R1 are indicated on the diagrams. The wide 
tolerance for output fall time 'oF given in 
Table 3 means that the design is not critical. 
The fall time is only slightiy influenced by the 
external bus load (Cb) and external pull-up 
resistor (Rp). However, the rise time (tAl 
specified in Table 4 is mainly determined by 
the bus load capacitance and the value of the 
pull-up resistor. 


16.2 
Switched 
Pull-Up Circuit for 
Fast-Mode 
12C-Bus Devices 
The supply voltage (VDD)and the maximum 
output LOW level determine the minimum 
value of pull-up resistor Rp (see Section 
10.1). For example, with a supply voltage of 
VDD = 5V ± 10% and VOLmax.= 0.4 Vat 
3 mA, Rp min.= (5.5 - 0.4)/0.003 = 1.7 kil. 
As shown in Fig.38, this value of Rp limits the 
maximum bus capacitance to about 200 pF 
to meet the maximum tA requirement of 
300 ns. If the bus has a higher capacitance 
than this, a switched pull-up circuit as shown 
in Fig.37 can be used. 


The switched pull-up circuit in Fig.37 is for a 
supply voltage of VDD= 5 V ± 10 % and a 
maximum capacitive load of 400 pF. Since it 
is controlled by the bus levels, it needs no 
additional switching control signals. During 
the risinglfalling edges, the bilateral switch in 
the HCT4066 switches pull-up resistor Rp2 
onloff at bus ievels between 0.8 V and 2.0 V. 
Combined resistors Rp1 and Rp2 can pull-up 
the bus line within the maximum specified 
rise time (tAl of 300 ns. The maximum sink 
current for the driving 12C-busdevice will not 
exceed 6 mA at VOL2= 0.6 V, or 3 mA at 
Vou = 0.4 V. 


Series resistors Rs are optional. They protect 
the 1/0 stages of the 12C-busdevices from 
high-voltage spikes on the bus lines, and 
minimize crosstalk and undershoot of the bus 
iine signals. The maximum value of Rs is 
determined by the maximum permitted 
voltage drop across this resistor when the 
bus line is switched to the LOW level in order 
to switch off Rp2. 


16.3 
Wiring Pattern of the Bus 


Lines 
In general, the wiring must be so chosen that 
crosstalk and interference tolfrom the bus 
lines is minimized. The bus lines are most 
susceptible to crosstalk andinterference at 
the HIGH level because of the relatively high 
impedance of the pull-up devices. 


If the length of the bus lines on a PCB or 
ribbon cable exceeds 10 cm and includes 
the VDD and Vss lines, the wiring pattern 
must be: 


VDD 
_ 


Vss 
_ 


SCL 
_ 


If only the Vss line is included, the wiring 
pattern must be: 


These wiring patterns also result in identical 
capacitive loads for the SDA and SCL lines. 
The Vss and VDD lines can be omitted if a 
PCB with a Vss and/or VDD layer is used. 


If the bus lines are twisted-pairs, each bus 
line must be twisted with a Vss return. 
Alternatively, the SCL line can be twisted with 
a Vss return, and the SDA line twisted with a 
VDDreturn. In the latter case, capacitors must 
be used to decouple the VDD line to the Vss 
line at both ends of the twisted pairs. 


If the bus lines are shielded (shield 
connected to Vss), interference will be 
minimized. However, the shielded cable must 
have low capacitive coupling between the 
SDA and SCL lines to minimize crosstalk. 


16.4 
Maximum 
and Minimum 


Values of Resistors 
Rp and Rs for 


Fast-Mode 
12C-Bus 
Devices 


The maxim urn and minimum values for 
resistors Rp and Rs connected to a fast-mode 
12C-buscan be determined from Fig.25, 26 
and 28 in Section 10.1. Because a fast-mode 
12C-bushas faster rise times (tA) the 
maximum value of Rp as a function of bus 
capacitance is less than that shown in Fig.27 
The replacement graph for Fig.27 showing 
the maximum value of Rp as a function of bus 
capacitance (Cb) for a fast mode 12C-busis 
given in Fig.38. 


Parameter 
Symbol 
Standard-mode 
Fast-mode 
Unit 


12C-bus 
12C-bus 


Min. 
Max. 
Min. 
Max. 


SCL clock fmquency 
fSel 
0 
100 
0 
400 
kHz 


Bus free timE' between a STOP and START condition 
tBUF 
4.7 
- 
1.3 
I!S 


Hold time (repeated) START condition. After this period, the first 
!HD;STA 
4.0 
0.6 
I!S 


clock pulse i" generated 


LOW period )f the SCL clock 
!Low 
4.7 
1.3 
- 
I!S 


HIGH period of the SCL clock 
!HIGH 
4.0 
0.6 
- 
I!S 


Set-up time lor a repeated START condition 
tSU;STA 
4.7 
0.6 
- 
I!S 


Data hold time: 
tHD;DAT 
5.0 
- 
I!S 


for CBUS ccmpatible masters (see NOTE, Section 9.1.3) 
01) 
01) 
0.92) 
I!S 
for 12C-bus devices 


Data set-up lime 
tSU;DAT 
250 
10()3) 
- 
ns 


Rise time of )oth SDA and SCL signals 
tA 
1000 
20 + 0.1Cb4) 
300 
ns 


Fall time of both SDA and SCL signals 
tF 
300 
20 + 0.1Cb4) 
300 
ns 


Set-up time for STOP condition 
tSU;STO 
4.0 
0.6 
I!S 


Capacitive lead for each bus line 
Cb 
400 
- 
400 
pF 


NOTES: 
All values refe 'red to VIH min.and Vil max.levels (see Table 3). 


1. A device must internally provide a hold time of at least 300 ns for the SDA signal (referred to the VIH min.of the SCL signal) in order to 
bridge the IJndefined region of the falling edge of SCL. 


2. The maximum tHD;DAThas only to be met if the device does not stretch the LOW period (tLOW)of the SCL signal. 


3. A fast-mod 9 12C-busdevice can be used in a standard-mode 12C-bussystem, but the requirement tSU;DAT'" 250 ns must then be met. This 
will autom~ tically be the case if the device does not stretch the LOW period of the SCL signal. If such a device does stretch the LOW period 
of the SCL signal, it must output the next data bit to the SDA line tA max.+ tSU;DAT= 1000 + 250 = 1250 ns (according to the standard-mode 
12C-bussPllcification) before the SCL line is released. 


4. Cb = total capacitance of one bus line in pF. 
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17.0 
DEVELOPMENT 
TOOLS 


17.1 
Development 
tools for 8048 and 8051-ased 
systems 


Product 
Description 


OM1016 
12C-busdemonstration board with microcontroller, LCD, LED, Par. I/O, SRAM, EEPROM, Clock, DTMF generator, AD/DA 
conversion, infrared link. 


OM1018 
manual forOM1016 


OM1020 
LCD and driver demonstration board 


OM4151 
12C-busevaluation board (similar to OM1 016 above but without infrared link). 


Product 
Description 


OM4160 
Microcore-1 demonstration/evaluation 
board: 
SCC68070, 128K EPROM, 512K DRAM, 12C,RS-232C, VSC SCC66470, resident monitor 


OM4160/3 
Microcore-3 demonstration/evaluation 
board: 


93C110, 128K EPROM, 64K SRAM,12C, RS-232C, 40 I/O, resident monitor 


Product 
Description 


OM1022 
12C-busanalyzer. 
Hardware and software (runs on IBM or compatible PC) to experiment with and analyze the behaviour of the 12C-bus(includes 
documentation) 


Data handb ooks 


IC01 1992: Semiconductors for radio and audio systems 


IC02 1992: Semiconductors for television and video systems 


IC03 1993: Semiconductors for telecom systems 


IC14 1992: 8048-based 8-bit microcontrollers 
, 


IC20 1994: 8051-based 8-bit microcontrollers 


Brochures/leaflets 


Microcontro lers and microprocessors for embedded control applications 


12C-busconlpatible ICs and support overview 


12C-buscontrol programs for consumer applications 
- 


19.0 
APPLICATION 
OF THE 


12C-BUS I \l THE ACCESS. bus 
SYSTEM 
The ACCES!;.bus (bus for connecting 
ACCESSory devices to a host system) is an 
12C-busbasf,d open-standard serial 
interconnect system jointly developed and 
defined by P,ilips Semiconductors and 
Digital Equipment. Corporation. It is a 
lower-cost altemative to an RS-232C 
interface for :onnecting up to 14 
inputsioutpu s from peripheral equipment to a 
deSk-top conputer or workstation over a 
distance of up to eight metres. The peripheral 
equipment c in be relatively low speed items 
such as keyboards, hand-held image 
scanners, 
CL rsor positioners, bar-code 


readers, digitizing tablets, card readers or 
modems. 


All that's req Jired to implement an 
ACCESS.bus is an 8051-family 


microcontroller with an 12C-businterface, and 
a 4-wire cable carrying a serial data (SDA) 
line, a serial clock (SCL) line, a ground wire 
and a 12 V supply line (500 mA max.) for 
powering the peripherals. 


Important features of the ACCESS.bus are 
that tile bit rate is only about 20% less than 
the maximum bit rate of the 12C-bus,and the 
peripherals don't need separate device 
drivers. Also, tile protocol allows the 
peripherals to be changed by 'hot-plugging' 
without re-booting. 


As shown in Fig.39, the ACCESS.bus 
protocol comprises three levels: the 12C-bus 
protocol, the base protocol, and the 
application protocol. 


The base protocol is common to all 
ACCESS.bus devices and defines tile format 
of the ACCESS. bus message. Unlike the 
12C-busprotocol, it restricts masters to 
sending and slaves to receiving data. One 


item of appended information is a checksum 
for reliability control. The base protocol also 
specifies seven types of control and status 
messages which are used in the system 
configuration which assigns unique 
addresses to the peripherals without the need 
for setting jumpers or switches on the 
devices. 


The application protocol defines tile message 
semantics that are specific to the tIlree 
categories of peripheral device (keyboards, 
cursor locators, and text devices which 
generate character streams e.g. card 
readers) which are at present envisaged. 


Philips Semiconductors offers computer 
peripheral equipment manufacturers 
technical support, a wide range of 12C-bus 
devices and development kits for the 
ACCESS.bus. Hardware, software and 
marketing support is also offered by DEC. 


GENERAL 
PURPOSE 
ICs 
80C51-Based 
CMOS 
SAA9057B 
Clock signal generation 


Microcontrollers' 
circuit for digital video 
systems; for use with 
LCD Drivers 
8XCL410 
4k ROM/128 RAM,low 
SAA90xx 


PCF8566 
96-segment LCD driver 
power 
SAA9065 
Video enhancement and 


1:1 - 1:4 Mux rates 
8XC528 
32k ROM/512 RAM, T2, 
D/A processor 
WD 
TDA4680 
Video processor 
PCF8568 
LCD row driver for dot 
matrix dispiays 
8XC552 
256-by1e RAMl8k ROMI 
TDA8440 
Video/audio switch 


ADC/UART/PWM 


PCF8569 
LCD Column driver for dot 
8XC652 
256-by1e RAMl8k ROM, 
matrix displays 
Video/Radio/Audio 
UART 


PCF8576 
160-segment LCD driver 
8XC654 
SAA5243 
Enhanced Computer 
1:1 - 1:4 Mux rates 
256-by1e RAMl16kROM, 
Controlled Teletext (ECCT) 
UART 
decoder 
PCF8577C 
64-segment LCD driver 
8XC751 
64-by1e RAMl2k ROM 
1:1 - 1:2 Mux Rates 
SAA5244 
Single-chip teletext decoder 


PCF8578179 
Row/column LCD 
8XC752 
64-by1e RAMl2k ROM, 
SAA5245 
Enhanced Computer 


dot-matrix driver/display 
ADC/PWM 
Controlled Teletext 


1:8 - 1:32 Mux rates 
(USECCT) decoder 


SAA1064 
4-digit LED driver 
8048 Instruction-Set 
Based CMOS 
SAA5246 
Integrated video processor 


Microcontrollers 
(VIP) and teletext (IVT) 
circuit 
VO Expanders 
PCF84COO 
256-by1e RAMlbond-out 
SAA5247 
up to 512-page teletext 


PCF8574/A 
8-bit remote I/O port 
version for prototype 
decoder 


(12C-busto parallel 
development 
SAA5248 
Integrated teletext decoder 
converter) 
PCF84C21 
64-by1e RAMl2k ROM 
and VPS slicer 


PC08584 
8-bit parallel to 12C 
PCF84C41 
128-by1e RAMl2k ROM 
SAA5260 
32-page teletext decoder 


converter 
PCF84C81 
256-by1e RAM/8k ROM 
with OSD features 


SAA1300 
5-bit high-current driver 
PCF84C85 
256-byte RAM/8k ROM/ 
SAA7158 
Line frequency processor 


Extended I/O 
and DAC circuit 


PCF84C430 
128-by1e RAM/4k ROM/ 
SAA7280 
NICAM decoder 
Data Converters 
96-segment LCD driver 
SAA7282 
2nd. generation NICAM 
PCF8591 
4-channel, 8-bit Mux ADC + 
decoder 
one DAC 
SAA9041 
Digital video teletext 


TOA8442 
Quad 6-bit DAC 
MULTIMEDIA 
ICs 
(DVTB) processor 


TOA8444 
Octal 6-bit DAC 
SAA9042 
Digital video teletext 


Desktop 
Videos 


(DVTB) processor 


SAB3035136137 Digital tuning circuits for 
Memory 
SAA7151B 
8-bit digital multistandard 
computer-controlled 
TV 


PCF8570/C 
256-by1e static RAM 
TV decoder 
SAB9070 
Picture-in-picture processor 


PCF8571 
128-by1e static RAM 
SAA7152 
Digital comb filter 
SAFl135 
Dataline 16 decoder for 


PCF8581 
128-by1e EEPROM 
SAA7157 
Clock signal generation 
VCR 


PC.8582 
circuit for digital video 
TOA1551Q 
2 X 22W BTL audio power 
256-by1e EEPROM 
systems; for use with 
amp with diagnostic 
PCF8583 
256-by1e 
SAA71 xx 
TOA4670 
Picture signal improvement 
RAM/clock/calendar 
SAA7165 
Video enhancement and 
circuit 


PCF8594 
512-by1e EEPROM 
D/A processor including 
TOA4671 
Picture signal improvement 


PCF8598 
1K·by1e EEPROM 
digital CTI 
circuit 
SAA7186 
Digitai video scaler 
TOA4681 
Video processor with 


Clocks/Calendars 


SAA7191 
Digital multistandard TV 
automatic cut-off and white 


decoder, square pixel 
level control 


PCF8573 
Clock/calendar 
SAA7191B 
SAA7191 variant 
TOA4685 
Video processor 


PCF8583 
Clock/calendar/ 
SAA7192A 
Digital colour space 
TOA4686 
Video processor (100 Hz) 
256-by1e RAM 
converter with independent 
TOA4687 
Video processor 
LHT 
TOA8415/17 
Stereo/dual sound 


68000-Based 
CMOS 
SAA7199B 
digital multistandard 
processor 


Microcontrollers 
encoder 
TOA8421 
Audio processor with a 


SAA9051 
Digital multistandard 
loudspeaker channel and a 
68070 
68000 CPU/MMU/UARTI 
(PAUNTSC) colour 
headphone channel 
DMAltimer 
decoder 
TOA8425 
Audio processor with a 
93CXXX 
UST/12C/34k ROMI 
SAA9056 
Digital SECAM colour 
loudspeaker channel only 
512 RAM 
decoder 
TOA8426 
Hi-Ii stereo audio processor 


March 1993 
1160 


Video/Radio/Audio 
(Continued) 
TDA8425 
Audio processor with a 
Telecom 


TDA8540 
4x4 video switch matrix 
loudspeaker channel only 
NE5750/51 
Audio processor pair 


TDA9140 
Alignment-free 
TDA8433 
Deflection processor 


multistandard decoder 
TDA8442 
Interface for color decoders 
NE5752 
3 V 5750 variant (samples 


TEA6320 
4 input Tone/volume 
TDA8443/A 
YUVlRGB matrix switch 


0492) 


controller with fader control 
NE5753 
3 V 5751 variant (samples 


TEA6330 
Tonelvolume controller 
TDA8461 
PAUNTSC color decoder 
0492) 
and RGB processor 


TSA6060 
AIM Frequency Synthesizer 
TDA8466 
PAUNTSC color decoder 
PCD3311/12 
Tone generator 
forRDS. 
and RGB processor 
(DTMF/modemlmusical) 
SAA9041 
Digital video teletext 
(DVTB) processor 
TDA9150 
Deflection processor 
PCD3341 
Advanced 10 to 


SAB30351361:7 
Digital tuning circuits for 
TEA6100 
FMlIF and digital tuning IC 
110-number repertory dialer 
with LCD control 
computer-controlled TV 
for computer-controlled 


SAFl135 
Dataline 16 decoder for 
radio 
PCD3343 
Microcontroller with 


VCR 
TEA6300 
Sound fader control and 
224-byte RAM/3k ROM 


TDA1551Q 
2 x 22W Audio Power Amp 
preamplifier/source selector 
PCD3348 
Microcontroller with 
TDA4670 
Picture signal improvement 
for car radio 
256-byte RAM/8k ROM 


circuit 
TEA6310T 
Sound fader control with 
UMA1000T 
Data processor for mobile 


TDA6360 
5 Band Equalizer 
tone and volume control for 
telephones 
car radio 
TDA8415117 
Stereo/dual sound 
UMA1014T 
1GHz frequency 
processor 
TSA5511/12114 
PLL frequency synthesizer 


TDA8421 
Audio processor with 
forTY 
synthesizer for mobile 


a loudspeaker channel and 
TSA6057 
PLL frequency synthesizer 
telephones 


a headphone channel 
for radio 
UMF1009 
Frequency synthesizer 


Also available with extended temperature ranges. 


FOR FURTHE R INFORMATION ON THESE DEVICES, REFER TO 12C-PERIPHERALS FOR MICROCONTROLLERS 
DATA HANDBOOK, 


AVAILABLE 
FROM YOUR LOCAL PHILIPS SEMICONDUCTORS 
SALES OFFICE (SEE SECTION 10 OF THIS BOOK). 


DESCRIPTION 
The 82B715 is a bipolar integrated circuit 
intended for application in 12C bus systems. 


While retaining all the operating modes and 
features of the 12C system it permits 
extension of the practical separation distance 
between components on the 12Cbus by 
buffering both the data (SDA) and the clock 
(SCLl lines. 


The 12Cbus capacitance limit of 400pF 
restricts practical communication distances to 
a few meters. Using one 82B715 at each end 
of longer cables reduces the cable loading 
capacitance on the 12Cbus by a factor of 10 
times and may allow the use of low cost 
general purpose wiring to extend bus lengths. 


• Dual, bi-directional, unity voltage gain 


buffer 


• 12Cbus compatible 


• Logic signal levels may include both supply 
and ground 


• X10 impedance transformation 


• Wide supply voltage range 


N.C·O. 
vcc 
LX 
2 
7 
LV 


sx 
3 
6 
sv 


GND 
4 
5 
N.C. 


PINNING 
1 
N.C. 
2 
Lx 
3 
Sx 


4 
GND 
5 
N.C. 


6 
Sv 


7 
Lv 


8 
Vcc 


Buffered Bus, LOA or LCL 
12CBus, SDA or SCL 
Negative Supply 


12CBus, SCL or SDA 
Buffered Bus, LCL or LOA 
Positive Supply 


LIMITS 


SYMBOL 
PARAMETER 
MIN. 
TYP. 
MAX. 
UNIT 


Vcc 
Supply voltage 
4.5 
12 
V 


Ice 
Quiescent current 
16 
mA 


Iline 
Output sink capability 
30 
mA 


Vin 
Input voltage range 
0 
Vce 
V 


VOu! 
Output voltage range 
0 
Vee 
V 


Z;r/Zout 
Impedance transformation 
8 
10 
13 


Tamb 
Temperature range 
-40 
+85 
°C 


DESCRIPTION 
ORDER CODE 
DRAWING NUMBER 


8-Pin Plastic Dual In-Line (NIP) Package 
P82B715P N 
SOT97 


8-Pin Plastic SOL (Small Outline Large) Dual In-Line (DIT) Package 
P82B715T 0 
SOT96A 


82B715 is available in chip form 


FUNCTIOf>IAL DESCRIPTION 
The 82B715 bipolar integrated circuit 
contains two identical buffer circuits which 
enable 
12C an,j similar bus systems to be 


extended ovel long distances without 
degradation O' system performance or 
requiring the L se of special cables. 


The buffer ha! an effective current gain of ten 
from 12C bus t) Buffered bus. Whatever 
current is flow ng out of the 12C bus side, ten 
times that current will be flowing into the 
Buffered bus! ide (see Figure 2). 


As a consequl!nce of this amplification the 
system is able to drive capacitive loads up to 
ten times the! ,tandard limit on the Buffered 
bus side. This current based buffering 


approach preserves the bi-directional, 
open-collectoriopen-drain 
characteristic of 
the 12C SDAlSCL lines. 


To minimize interference and ensure stability, 
current rise and fall rates are internally 
controlled. 


APPLICATION 
NOTES 
By using two (or more) 82B715 ICs, a 
sub-system can be buiit which retains the 
interface characteristics of an 
12C device so 
that it may be included in, or optionally added 
to, any 12C or related system. 


The sub-system teatures a low impedance or 
"Buffered" bus, capable of driving large wiring 
capacities (see Figure 3). 


12C Systems 
As with the standard 
12C system, pull-up 


resistors are required to aprovide the logic 
HIGH levels on the Buffered bus. (Standard 
open-collector configuration of the 12C bus). 
The size and number of these pull-up 
resistors depends on the system. 


If the buffer is to be permanently connected 
into the system, the circuit should be 
configured with only one pull-up resistor on 
the Buffered bus and none on the 12C bus. 


Aiternatively a buffer may be connected to an 
existing 
12C system. In this case the Buffered 


bus pull-up will act in parallel with the j2C bus 
pull-up. 


STANDARD 
,2C 


'NTERFACE 


82B715 
I 
I 
r---..., 
I 
.r---..., 
~. 
T 
I··~ 
I 
T 
I 
,2C 
II, 
II 
IDEV'CE 


~.I 
IlscLI 


T 
I 
~ 
I 
T 
I 
I 
I 
L 
.J 
I 
L 
.J 


I 
I 
BUFFERED 
STANDARD 
'NTERFACE 
,2C 


'NTERFACE 


I 
I 


t 
(~~-Ircc~ 


SDA 
I 
1/2 
I 
<:==;> 
I 
I 
I 
~Vccl 
LONG 
I 
I 
I 1 
I 
CABLE 


SCL Y 
I 
[3> 
I 
r-- <:==;> 


I 
L 
.J 
I 


I 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134). 
Voltages with respect to pin GND (DIL-8 pin 4). 


LIMITS 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 


VcctoGND 
Supply voltage range Vcc 
-0.3 
+12 
V 


Vbus 
Voltage range 
12C Bus, SCL or SDA 
0 
Vcc 
V 


Vbuff 
Voltage range Buffered Bus 
0 
Vcc 
V 


I 
DC current (any pin) 
60 
mA 


PIal 
Power dissipation 
I 
300 
mW 


TSIO 
Storage temperature range 
-55 
+125 
°C 


Tamb 
Operating ambient temperature range 
-40 
+85 
°C 


CHARACTERISTICS 
At Tamb= +25°C and Vcc = 5 Volts, unless otherwise specified. 


LIMITS 
I 
SYMBOL 
PARAMETER 
MIN. 
TYP. 
MAX. 
I 
UNIT 


Power Supply 


Vce 
Supply voltage (operating) 
4.5 
- 
12 
V 


Ice 
Supply current 
- 
16 
- 
mA 


Ice 
Supply current at Vce = 12V 
- 
22 
- 
mA 


Ice 
Supply current. both 12C inputs LOW, 
- 
28 
- 
mA 
both buffered outputs sinking 30mA. 


Drive Currents 


Is•• lsy 
Output sink on 12C bus 
3 
- 
- 
mA 
Vs•• VSy LOW = OAV 
VLx•Vly LOW on Buffered bus = 0.3V 


ILx.lly 
Output sink on Buffered bus 
30 
- 
- 
mA 
VLx, Vly LOW = OAV 
Vs•• VSy LOW on 12C bus = 0.3V 


Input Currents 


Is•• lsy 
Input current from 
12C bus when 
- 
- 
3 
mA 
ILx•Ilv sink on Buffered bus = 30mA 


ILx,lly 
Input current from Buffered bus when 
- 
- 
3 
mA 
Is•• Isv sink on 12C bus = 3mA 


ILx.lly 
Leakage current on Buffered bus 
- 
- 
200 
IlA 
VLx, Vly = Vee. and Vs., VSv = Vec 


Impedance 
Transformation 


ZinlZout 
I InpuVOutput impedance 
8 
I 
10 
I 
13 
I 


Pull-Up Res; ltance Calculation 
In calculating the pull-up resistance values, 
the gain of thll buffer introduces scaling 
factors which must be applied to the system 
components. Viewing the system from the 
Buffered bus, all 12Cbus capacitances have 
effectively 10 times their 12Cbus value. 


In practical systems the pull-up resistance is 
determined b'l the rise time limit for 12C 
systems. As fin approximation this limit will 
be satisfied if the time constant (product of 
the net resistance and net capacitance) of the 
total system i I set to 1 microsecond. 


The total time constant may either be set by 
considering each bus node individually (Le., 
the 12Cnodel" and the Buffered bus node) 
and choosing pull-up resistors to give time 
constants of' 
microsecond for each node; or 


by combining the capacitances into an 
equivalent ca Jacitive loading on the Buffered 
bus, and calc Jlating the Buffered bus pull-up 
resistor requi 'ed by this equivalent 
capacitance. 


For each sep irate bus the pull-up resistor 
may be calcu ated as follows: 
R = __ 
1!,sec 


Cde\ice + Cwiring 


Where: Cdev' e = sum of device capacitances 
connected to each bus, 


and Cwiring= total wiring and stray 
capacitance on each bus. 


If these capacitances are not known then a 
good approximation is to assume that each 
device presents 1OpFof load capacitance 
and 1OpF of wiring capacitance. 


The capacitance figures for one or more 
individual12C bus nodes should be multiplied 
by a factor of 10 times, and then added to the 
Buffered bus capacitance. Calculation of a 
new Buffered bus pull-up resistor will alllow 
this single pull-up resistor to act for both the 
included 12Cbus nodes and the Buffered bus. 
Thus it is possible to combine some or all of 
these separate pull-up resistors into a single 
resistor on the Buffered bus (the value of 
which is calculated from the sum of the 
scaled capacitances on the Buffered bus). If 
the buffer is to be permanently connected 
into the system then all the separate pull-up 
resistors should be combined. But if it is to be 
connected by adding it onto an existing 
system, then only those on the additional 12C 
bus system can be combined onto the 
Buffered bus if the original system is required 
to be able to still operate on a stand-alone 
basis. 


A further restriction is that the maximum 
pull-up current, with the bus LOW, should not 
exceed the 12Cbus specification maximum of 


3mA, or 30mA on the Buffered bus. The 
following formula applies: 


30mA> 
Vcc - 
0.4 
Rp 


Where: Rp = scaled parallel combination of 
all pull-up resistors. 


If this condition is met, the fall time 
specifications will also be met. 


Figure 4 shows typical loading calculations 
for the expanded 12Cbus. 


Sx, Sy, 12C Bus, SOA or SCl 
Because the two buffer circuits in the 82B715 
are identical either input pin can be used as 
the 12CBus SDA data line, or the SCL clock 
line. 


lx, 
ly, Buffered 
Bus, lOA or lCl 


On the buffered low impedance line side, the 
corresponding output becomes LDA and 
LCL. 


VCC, GNO - 
Positive 
and 


Negative Supply 
Pins 


In normal use the power supply voltages at 
each end of the low impedance line should 
be comparable. If these differ by a significant 
amount, noise margin is sacrificed. 


2 x 12C Devices 
Strays 
82B715 Buffer 


20pF 
20pF 
10pF 


50pF 


3000pF 


3000pF 


12C pUll-up 


R1 = 1IJ.sec = 20KQ 


50pF 


Buffered Bus pull-Up 


R2 = 
1IJ.sec = 333Q 
3000pF 


AS AN ADDITION TO AN EXISTING SYSTEM· 
: 


R1 =20Kn 


1 x 12C Devices 
Strays 
82B715 Buffer 


10pF 
10pF 
10pF 


30pF 


12C pull-up 


1 IJ.see 


R3 = 
30pF = 33KQ 


• NOTE: 
R1, R2 and R3 are calculated from the capacitive loading and a 1IJ.sectime constant on each bus node. For an addition to an existing 
system, R2' (the new value for R2) is shown as being calculated from the parallel combination of R2 and the scaled value of R3; 
while for a permanent system R2, and scaled values of R1 and R3 have been used. Note that this example has used scaled resistor 
values and combined the node and cable capacitances. 
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INTRODUICTION 
ACCESS.bus'" 
(a BUS for connecting 


ACCESSory devices to a host system) is a 
peripheral inlerconnect system defined and 
developed bI Digital Equipment Corporation 
and offered 10 the computer industry as an 
open standard. 


This overvie II aims to introduce the 
prospective Jeveloper of ACCESS.bus 
systems or ~eripherals to the essential 
technical feetures of this interconnect. 
It is 


meant to be a general technical overview of 
the ACCESH.bus architecture. 
Under no 


circumstanc,!s should it be used as the basis 
for designin!l any device or system. 
Developers IIishing to design a host system 
or periphera device that implements 
ACCESS.bus should refer to the 
ACCESS.bLS Hardware and Protocol 
Specificatiolls 
Version 2.0, July 1992, 
available fron the ACCESS.bus Industry 
Group, Digital's TRI/ADD Program, or Philips. 
Addresses and other information on support 
may be found in Section 6. 


What is JI,CCESS.bus? 
ACCESS.bus is a system for connecting a 
number of rE,lativelylow-speed I/O devices to 
a host compJter, typically a desktop system, 
such as a workstation, personal computer, or 
terminal. 
DE'vicesinclude both interactive 


peripherals - keyboards, locators, hand-held 
scanners, bar code readers, and magnetic 
card readers - and non-interactive 
peripherals - printers, and in realtime control 
applications, signal transducers. Further, the 
ACCESS.bus protocol is general enough to 
accommodate a wide range of unusual 
peripheral types such as data gloves (see 
Figure 1). 


ACCESS.bus has a bus topology 
architecture. That Is, a single ACCESS.bus 
on a host can accommodate up to 125 
peripheral devices. The total iength of the 
cable connecting the devices on a common 
ACCESS.bus may be up to eight meters. 
The limiting factors are capacitance, which 
may not exceed 800pF, and the maximum 
voitage drop, which must allow maintenance 
of +5V ±10%. Using an 12C bus extender that 
maximum distance may be lengthened. 
ACCESS. bus supports a maximum 
aggregate data throughput of approximately 
80 Kbits/sec. 


Digital has made the ACCESS.bus 
technology an open specification, enabling 
any vendor to implement it on host systems 
or in peripheral devices without fee or royalty. 


ACCESS.BUS offers a number of 
advantages both to end users and to the 
developers of systems and peripheral 


devices. A host computer needs only one 
hardware port to connect to a number of 
devices. The commonality in communication 
methods for a number of device types leads 
to economies in software and hardware 
development. As an open industry standard, 
ACCESS.bus will stimulate development of 
diverse peripheral devices, each usable with 
a number of different types of host systems. 


ACCESS. bus incorporates more 
sophisticated technology and offers higher 
performance than any other bus-topology 
interconnect for desktop peripherals. 
Moreover, it is the first system of this kind to 
be offered as an open nonproprietary 
standard. 


ACCESS. bus Hardware 
At the hardware levei, ACCESS. bus is based 
on the well-established Inter-Integrated 
Circuit WC) serial bus developed and 
patented by Philips. The serial bus 
architecture, in which a single data line 
carries one bit of information at a time, entails 
lower costs for cabling, connectors and 
controller circuitry than parallel bus 
architectures. 


Standard low-cost 
12C components, available 


from Philips, handle the logical complications 
of the bit-level handshaking. More details on 
these components are given in section 5. 


4 pins 


GND 


The physical medium for ACCESS.bus is a 
shielded cable containing four wires: serial 
data (SDA), serial clock (SCL), power (+SV), 
and ground (GND). It uses standard low-cost 
shielded modular connectors available from 
AMP and Molex (Figure 2 and 3). Shielding of 
the cables and connectors facilitates making 
ACCESS. bus-based systems conform to 
FCC radiation and ESD requirements. A 
typical ACCESS.bus device will have two 
connectors so that devices may be chained 
on the single bus; hand-held devices may 
have a captive cable joined to the bus trunk 
with a "T" connector. 


The serial data (SDA) and serial clock (SCL) 
lines work together to define the information 
carried on the bus. That aspect of the 
technology is described in Section 2.3. The 
host computer drives the +SV power line with 
a minimum of SOmAto supply the peripheral 
devices. Devices may be supplied with power 
from an external source. 


The 12Ctechnology can support clock rates 
up to 100kHz. The maximum ACCESS.bus 
data transfer rate of approximately 
80 Kbitslsec is derived from the top clock rate 
by subtracting the overhead imposed by the 
ACCESS.bus communication protocols for 
handshaking, addressing, and error control. 


1 -GND 
2 -SDA 
3-+5V 
.- 
SCl 


ACCESS. bus Protocols 
The ACCESS.bus communication protocol is 
composed of three levels: 12CProtocol, Base 
Protocol, and Application Protocol. 


At the lowest level, nearest the hardware, the 
basic discipline of the ACCESS. bus is 
defined as a subset of the Philips 
Inter-Integrated Circuit (12C)bus protocol. 
The simple and efficient 12CProtocol defines 
a symmetric multi-master bus on which 
arbitration among contending masters is 
effected without losing data. 12Cprovides for 
cooperative synchronization of the serial 
clock for exchange of data between bus 
partners with different maximum clock rates. 
The 12CProtocol defines a bus transaction 
scheme with addressing, framing of bits into 
bytes, and byte-acknowledgement 
by the 


receiver. More detail on the j2C Protocoi level 
is given in Section 2. 


The next ACCESS. bus protocol level is the 
Base Protocol. This level, common to all 
types of ACCESS.bus devices, establishes 
the nature of ACCESS. bus as an 
asymmetrical interconnect between a host 
computer and a number of peripheral 
devices. The host plays a special role as a 
manager of the ACCESS.bus. Data 
Communication is always between host and 
peripheral device and never between two 


peripherals. While the 12CProtocol provides 
for mastership by either the sender or the 
receiver of a bus transaction, in the 
ACCESS.bus protocol masters are 
exclusively senders and slaves are 
exclusively receivers. Of course, the host and 
all the devices are both master/senders and 
slave/receivers at different times. 


The ACCESS.bus Base Protocol defines the 
format of an ACCESS. bus message 
envelope. which is an 12Cbus transaction 
with additional semantics, including 
checksum reliability control. Further, the Base 
Protocol defines a set of seven control and 
status message types which are used in the 
configuration process. 


The eight required interface massages that 
ACCESS.bus protocol defines are listed 
below. Parameters defined within the body of 
the message are listed in parenthesis. 


Computer-to-device Messages: 


Reset(} 
Identification Request(} 
Assign Address(ID strng, new addr) 
Capabilities Request(offset) 


Device-to-computer Messages: 


Attention(status) 
Identification Reply(iD string) 
Capabilities Reply(offset, data frag) 
Interface Error(} 


Two of the ullique features of this 
configuratior 
process are auto-addressing 
and hot plug ling. Auto-addressing refers to 
the way that devices are assigned unique 
bus address'ls in the configuration process, 
without the reed for setting jumpers or 
switches on he devices. Hot plugging refers 
to the ability for attaching or detaching 
devices whill the system is running, without 
the need for rebooting the host. The means 
by which the ACCESS.bus protocol provides 
these featum is discussed in Section 2. 


The highest ievel of the ACCESS.bus 
protocol, the Application Protocol, defines 
message semantics that are specific to 
particular fUllctional types of devices. 
Different del/ice types require different 
Application 
'rotocols. Application Protocols 
have been eefined so far for three device 
classes: ke) boards, locators, and text 
devices. Ea:h of these predefined classes is 
designed to be broad. The keyboard device 
protocol def nes standard messages for 
reporting keystrokes and controlling keyboard 
peripherals. The protocol attempts to define 
the simples! set of functions from which 
common industry standard keyboard 
interfaces c in be built. The locator device 
protocol delines a set or standard messages 
for reportinillocator 
movement and key 
switch activ ~tion for mice, tablets, and other 
positioning jevices. The protocol is designed 
to accommodate a range of basic locator 
devices sueh as a mouse or tablet. More 
complex devices can be modeled as a 
combination of basic devices or can provide 
their own dnvice driver. The text device 


protocol is intended to provide a simple way 
to transmit character or binary data to and 
from stream oriented devices such as a bar 
code reader, or modem. The sequential 
character stream model also serves as a 
common denominator for connecting RS-232 
interface devices. 


A major advantage in designing devices that 
conform to these general device-type 
semantics is that they may share 
device-specific software, both in the 
device-resident firmware and in the driver 
software needed in the host operating system 
to allow application programs to access the 
devices. 


It is anticipated that further device-specific 
Application Protocols will be defined in the 
future, under the aegis of the ACCESS.bus 
Industry Group. Further, any device vendor 
may implement a special device protocol 
within the general message envelope defined 
by the Base Protocol. 


Participation in all three of the protocol levels 
requires intelligence at the device level. The 
lower levels of this firmware are likely to be 
common to many devices. Higher levels of 
the firmware are expected to be more specific 
to the device and the application (Figure 4). 


Electrical 
The host and devices are connected to both 
the serial data (SDA) and serial clock (SCL) 


lines in an "wired-AND" logic configuration. 
The wired-AND may be implemented by 
connecting the data and clock output stages 
of each bus partner to the SDA and SCL lines 
respectively through open-collector or 
open-drain transistors. The standard 12C 
components include such output stages 
on-chip. The significance of the wired-AND 
logic is that any attached bus partner may 
force either of these lines to low (the ground 
level). When there is no output from any bus 
partner, the lines are held high by pull-up 
current sources in the host. Every bus 
partner can sense the level on both of these 
lines (Figure 5). 


Bus Transactions 
During a bus transaction, there is one clock 
pulse on SCL for each bit transferred on 
SDA. The SDA information is valid when SCL 
is high. During a transaction, the SDA must 
be stable between the rising and falling 
edges of the SCL pulse; SDA may change 
state only when SCL is low (Figure 6). 


SDA transitions when the SCL is high are 
signals that delimit the bus transaction. When 
the ACCESS. bus is free, both SCL and SDA 
are high. A high-to-Iow SDA transition when 
SCL is high is a start condition; it signals the 
beginning of a bus transaction. A bus partner 
asserts mastership by pulling SDA low when 
the bus is free. A low-to-high SDA transition 
when SCL is high is a stop condition; it 
signals the end of a bus transaction. A 
master generates a stop condition when it 
relinquishes mastership (Figure 7). 
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Synchronl zation 
When a bus ~,artnerwishes to assert 
mastership 01 a free bus, it generates a start 
condition by I'ulling the SDA low. When SDA 
is low the ne" master begins the clock cycle, 
pulling the SCL low. All bus partners must be 
able to sense these events, and they respond 
by pulling all .heir SCL outputs low and 
beginning to .:ount off their low periods. 
When each bus partner has reached the end 
of its low peri)d, it lets its SCL output go high. 
Thus the SCI. line will remain low for the 
duration of th e longest low clock period 
among the bus partners. 


When all the bus masters have reached the 
end of their low periods and let their SCL 
outputs go high, then the SCL goes high. All 
bus partners must be able to sense this 
event, and t~ey begin counting their high 
period. The f rst bus master to reach the end 
of its high period pulls the SCL low again. In 
this way, all the bus partners simultaneously 
communicating on the bus are synchronized 
by a clock pulse whose low is as long as the 
longest of th<llow periods and whose high is 
as long as the shortest of the high periods. 
This synchrc nization persists until the master 
relinquishes the bus by generating a stop 
condition. Tt e cooperative synchronization is 
a mechanisr 1 by which devices with slower 
clocks can mgulate the operating rate of the 
bus. Howev"r, this mechanism, called "clock 
stretching", i, not the normal means of data 
stream flow :ontrol. The ACCESS.bus 
protocol prO'lides another mechanism for this 
purpose. (Sue Section 3.3.) 


Byte Framing 
and 
Acknowlndgement 
During this ~ynchronized exchange the 
master/tram mitter puts data on the SDA, one 
bit for each 1:lockpulse. Eight successive bits 
comprise a byte, the most significant bit going 
first. The ACCESS bus is a Big Endian 
System. 


As the new naster puts the first byte on the 
bus, all the other bus partners participate in 
the synchro lization. The first byte of the 
transaction :ontains the address of the 
intended slave/receiver of the transaction. 
Each non-rr aster can check the address bits 
as they app'lar and cease participating in the 
synchronization as soon as the address bit 
on SDA fail!. to match the corresponding bit 
of its own alidress. The address check may 
also be don 3 at the end of the address 
transmissioll. 


At the end (f the first byte, the 
master/tranBmitter lets its data output go high 
for the next clock pulse and the 
slave/receiver whose address matches the 


transmitted address, is obliged to 
acknowledge receipt of the byte by pulling the 
SDA iow for this pulse. This 1-bit Ack 
continues after each byte of the bus 
transaction; the master lets its SDA output go 
high and the receiver must pull the SCL low. 
Failure of the receiver to acknowledge a byte 
is an exception condition, which requires the 
master to terminate the transaction. 


Addressing 
The siave/receiver of the bus transaction is 
determined by the address contained in the 
first byte. 
12C uses the seven high-order bits 
of the first byte for addressing, and bit 0 to 
indicate whether the master is transmitting or 
receiving data. In ACCESS.bus, the master is 
always the transmitter, so bit 0 of the first 
byte of a transaction is always O.Of the 128 
7-bit addresses ACCESS.bus uses 15 
addresses for general microcontrollers. 


The host computer address is always 50h. In 
the configuration process to be described 
below, each peripheral device is assigned a 
unique address from the set of even 
numbers. 6Eh is used as a default address 
for devices before they have been assigned a 
unique address. A total of 125 addresses are 
available for devices on the bus. 


Arbitration 
What happens when two devices 
simultaneously assert mastership? While 
putting data on the SDA, each transmitting 
master is, of course, independently sensing 
the state of SDA. Whenever a contending 
master detects that the state of the SDA is 
different from the data value it is putting out 
during a clock high, the contending master 
backs off, and waits for the stop condition 
before trying again, Thus, two contending 
masters will both put data on the bus as long 
as they are putting out the same data. The 
first bit where they differ will cause the 
contender that put out a 1 to back off. 


Thus, under normal expected operation 
contending masters trying to send to different 
bus addresses will resolve the contention by 
the end of the first byte of the bus 
transaction. In the ACCESS. bus Base 
Protocol, the second byte of a transaction is 
the address of the transmitting master. Thus, 
as long as bus addresses are unique, the 
mastership of the bus will be resolved by the 
end of the second byte of the transaction. 
However, if two devices have the same 
address and are trying to send identical 
messages to a common address, then they 
will both send the entire message in unison. 
this situation can happen only during the 
configuration process before devices have all 
been assigned unique addresses; it is 
discussed further in Section 2.9 below. 


Note that this arbitration mechanism never 
causes lost data or wasted transmissions, 
since the addresses of the receiver and 
transmitter are necessary overhead, in any 
case, for any sensible bus protocol. Note that 
bus priorities during arbitration are fixed by 
the device addresses, first by the address of 
the receiver, and then, for messages 
addressed to a common receiver, by the 
address of the transmitter. Lower addresses 
have priority over higher addresses. Lockouts 
of devices with high addresses are prevented 
by a rule of the Base Protocol that requires 
partners to wait a minimum time after 
relinquishing mastership before asserting it 
again. 


Message 
Format 


An ACCESS.bus message comprises one 


12C bus transaction. It consists of a string of 
bytes sent by a master/transmitter, 
each byte 


acknowledged by a one bit SCL-Iow Ack from 
the slave/receiver. The entire transaction is 
delimited by start and stop conditions 
generated by the master. 


The first byte in the message is the receiver's 
unique address, as described above in 
Section 2.5. The second byte contains the 
transmitter's unique address. 


The third byte of an ACCESS.bus message 
comprises two fields. Bits 2-7 provide a byte 
count for the body of the message. Thus, a 
message body can have 0 to 127 bytes. The 
message body is followed by a checksum 
byte, for error control. The checksum is the 
bitwise XOR of all the preceding bytes of the 
message. 


The high order bit of the third byte is a 
Protocol Flag (P) to distinguish between data 
stream messages (P=O) and control/status 
messages (P=1). The data stream messages 
carry the application information being 
exchanged between the device and the host. 
The controVstatus messages are used to 
manage the ACCESS. bus protocol 
(Figure 8). 


ControVStatus 
Messages 


The ACCESS.bus Base Protocol defines a 
number of controVstatus messages that 
pertain to the Interface Parts of devices. 
These control/status messages are used for 
the configuration process, in which devices 
are assigned unique bus addresses and 
connected with the appropriate drivers in the 
host. The configuration process is described 
in Section 2.9 to 2.11. In a control/status 
message, the message type is indicated by 
an operation code contained in the first byte 
of the message body. The various Interface 
Part control/status messages are shown in 
Table 1. 


BYTE 
BIT NUMBER 
LSB 


7 
0 


destaddr 
0 
Destination address 


2 
srcaddr 
a 
Source address 


3 
P 
length 
Protocol flag, 


Number of data bytes (0-127 bytes) 


4 
body 
1 to 32 data bytes 


LENGTH +41 
checksum 


Table 1. Interface Part ControVStatus 
Messages 


Computer-to-Devlce 
Messages Purpose 


ResetO 


Force device to power-up state and 
default 12C address. 


Identification RequestO 
Ask device for its "identification string." 


Assign Address(ID stmg, new addr) 
Ask device for its "identification string" 
to change its address to "new 
address." 


Capabilities Request(offset) 
Ask device to send the fragment of its 
capabilities information that starts at 
"offset." 


Attention(status) 
Inform computer that a device has 
finished its power-up/reset test and 
needs to be configured; "status" shall 
be the test result. 


Identification Reply(ID string) 


Reply to Identification Request with 
device's unique "identification string." 


Capabilities Reply(offset, data frag) 


Reply to Capabilities Request with 
"data fragment: 
a fragment of the 
device's capabilities string; the 
computer uses 'offset" to reassemble 
fragments. 


Interface ErrorO 
Invalid checksum or premature end of 
message detected. 


In addition, the Application Protocols define 
further control/status messages that are 
specific to particular device types. Some of 
these are discussed in Section 3 on the 
predefined device types. 


AppHardSiga 
Provision for a subdevice to generate 
an interrupt of the host system 


AppTest 
A message from the host to a 
peripheral device commanding it to 
test the Application Part subdevice 


AppTestReply 


A message by which a device replies 
to an AppTest command. 


Configuration 
The ACCESS.bus features auto-addressing 
and hot-plugging. These features are 
supported by the ACCESS. bus configuration 
process, which uses the seven types of 
control/status messages. Configuration 
consists of assigning unique bus addresses 
to the attached devices and connecting them 
with the appropriate drivers to provide 
host-resident application programs with 
access to the devices. 


Configuration occurs when the device is 
powered-up or when it receives a Reset 
message. When the system is powered up, 
so are devices attached to the ACCESS.bus. 
Otherwise, devices are powered-up when 
they are hot-plugged into the bus. A device 


may have a power source other than the +SV 
power line of the ACCESS. bus, but is must 
also be able to sense this line voltage and 
enter the power-up state when attached to 
the ACCESS. bus power source. When the 
system completes its boot up, the host sends 
a Reset message to all legal device 
addresses to put all devices in the power-up 
state. 


Usually, when a device is powered up, it 
performs its specific self-testing. At the 
conclusion of self-test the device must 
assume the default address 6Eh and send an 
Attention message to announce its presence 
to the host. This message contains a single 
status byte to inform the host of the results of 
the power-up self-testing; zero indicates 
normal results and non-zero values indicate 
exception conditions that are specific to the 
device type. 


On receiving an Attention message, the host 
sends an IDRequest message to the default 
address. Each device at this address replies 
with an IDReply message containing a 
unique 28-byte ID string described in the next 
section. The host is then able to assign 
unique ACCESS.bus addresses to each of 
the devices at the default address, by 
sending AssignAddress messages to the 
default address. Each AssignAddress 
message contains in its body the assigned 
address and the unique ID string of the 
corresponding 
device. 


Device IdE'ntifiers 
During config Hation, before address 
assignment, IIach device can be identified by 
a 28-byte unique ID string, which may be 
partly or entir lly encoded in the device ROM. 
The first 24 b rtes of the ID string are 
understood a; ASCII-encoded information 
characterizin!J the device type: 


• protocol re'lision 
1 byte ("A") 


• module re~ision 
7 bytes (e.g., "V1.0 ") 


• vendor nane 
8 bytes (e.g., "DEC ") 


• module name 
8 bytes (e.g., "LK501 ") 


The first 24 bytes characterize the device's 
firmware and are encoded in the device 
ROM. 


The remainirg 4 bytes of the device ID string 
are understo>d as a 32-bil two's complement 
integer that uniquely identifies the device 
among devices of the same type. This integer 
may be provided as a unique serial number 
contained in the device ROM. Or, in the 
absence of sJch a serial number, interactive 
devices may use a random or arbitrarily 
determined r umber for this part of the ID 
string. As an aid to the host software, the 
Base Protocol specifies that, in the IDReply 
message, unique serial numbers be sent as 
positive inte~ers and randomly generated 
numbers be ,ent as negative integers, in the 
two's comple ment sense. 


In the randorn number case, it is possible that 
different dev ces of the same type may come 
up with the same 32-bit discriminator. In this 
case, the difterent devices will be assigned 
the same bu, address, an undesirable 
situation. Th l ACCESS. bus specification 
suggests a guideline to help avoid identical 
random identifiers: use the number of cycles 
of the device's own clock between power up 
and the time the IDRequest message is 
received. The natural dispersion of the 
frequencies )f these oscillators is likely to 
provide uniq Je numbers. 


The Base Protocol includes a provision to 
ensure agaillst the unlikely circumstance that 
different interactive devices of the same type 
and without mique serial numbers will 
generate the same random number. Namely, 
each such d 3vice must send a Reset 
message to ts own assigned address. This 
self-addressed Reset is sent only once 
between power-ups or external Resets, just 
before the d lvlce sends the first message 
instigated bl a user action. Of course, the 
transmitting device will ignore the 
self-addressed Reset, but other devices 


possibly at the same address will be reset 
and will go through configuration again. The 
Base Protocol specifies that a device using a 
random number in its ID string shall change 
that random number after receiving a Reset 
message. In this way, all interactive devices 
are guaranteed assignment of unique 
addresses before sending their first 
data-carrying messages. 


If several non-interactive devices of the same 
type are to be attached to a single 
ACCESS.bus, then they must have 
hardwired unique serial numbers. 


During normal operation, the host periodically 
checks the configuration by sending 
IDRequest messages to inactive devices. 
The host also sends IDRequest messages to 
all assigned addresses whenever it receives 
an Attention message from a device seeking 
configuration. The purpose of these 
IDRequest messages is to verify the current 
state of the ACCESS.bus - what devices are 
still connected and which devices are no 
longer present. 


Device Capabilities 
Information 
In order that a device be accessible to 
application programs running on the host, it 
must be connected to an appropriate 
software driver. Establishing this association 
is the last phase of configuration. 


The appropriate driver will depend on the 
device type. There may be further 
parameters that characterize the device and 
which affect the choice of driver, or which at 
least must be furnished as arguments to the 
selected driver. Moreover, the application 
program may also need to be informed of 
these device parameters. The device 
Capabilities Information feature of the 
ACCESS.bus protocol allows a measure of 
device independence in the selection of 
drivers and provides for informing the host 
software of the device characteristics. 


Device Capabilities Information is an explicit 
statement of a device's functional 
characteristics that are only implicit in the 
device type designation contained in the ID 
string, or that may even vary among 
individual devices of a given type. For 
exampie, the Capabilities Information about a 
keyboard might include the national alphabet 
used, or the Capabilities Information about a 
locator might include its resolution or units. 


The Capabilities Information for each device 
is contained in a single human-readable 
ASCII-encoded text string stored on the 
device ROM. The ACCESS. bus Base 
Protocol defines a simple and compact 
grammar for building the capabilities string. 


The semantics of the Capabilities Information 
is carried by keywords. The Base Protocol 
defines some keywords that can apply to all 
sorts of devices. Then each Application 
Protocol will define further keywords that are 
meaningful only for certain types of devices. 
To date, the ACCESS.bus Application 
Protocols define semantics for the 
Capabilities Information for generic 
keyboards, locators, and general text 
devices. The grammar allows for easy 
extension of the Capabilities Information 
specification. 


An example of a simple mouse Capabilities 
string might be as follows: 


model(VSXXX) 


buttons(1 (L)2(R)3(M)) dim(2} rei 
res(200 inch) range(-127 127) 


dO(dname(X)) 


d1(dname(Y)) 


) 


This would specify that the device uses the 
standard locator protocol; that it is a mouse, 
that it is model VSXXX; that it has three 
buttons designated left, middle and right 
corresponding with the respective bits in the 
keyswitch word; that it has two degrees of 
freedom, designated "X" and "Y", using 
inches as units with 200 counts per inch; that 
it reports relative values (displace~t 
since 


last report) in the range -127 to 127 counts, 
and that its coordinate values correspond to 
X and Y. 


After assigning a unique address to a device, 
the host sends it a Cap Request message to 
command it td send its Capabilities 
Information in a CapReply message. Of 
course, the device Capabilities string may 
well exceed the capacity of the message 
body of each Cap Request specifies where in 
the Capabilities Information string the 
fragment should start. The 'offset' value is 
repeated in the Cap Reply message, to be 
used as a check by the host in reassembling 
the Capabilities string. The offset is restricted 
to three values: send first (0), send again, 
and send next (offset from most recent string 
plus the number of bytes in the fragment. 


The protO, typeO, and modelO keywords 
must appear in that order and occur first in 
the Capabilities string. They must be within 
the first 128 bytes. 


APPLICATION 
DEVICE TYPES 
The initial ACCESS. bus specification defines 
Application Protocols for three kinds of 
devices: keyboards, locators, and text 
devices. An important advantage of 
developing devices that conform to these 
defined protocols is the availability of 
pre-existing software to implement them, in 
particular, the drivers in the operating 
software of the host system through which 
application programs gain access to the 
devices. 


Keyboard 
Devices 
A generic keyboard consists of an array of 
key stations assigned numbers between 8 
and 255. When any key station transitions 
between open and closed, the entire list of 
key stations currently closed or depressed is 
transmitted to the host. 


In addition to reporting key stations, the 
generic keyboard device can support simple 
feedback mechanisms such as keyclicks, 
bells, and light-emitting diodes. These 
mechanisms are controlled explicitly from the 
host so that minimal keyboard state modeling 
is required. The keyboard mapping table can 
also be stored in the keyboard itself as part of 
the capabilities string. 


Each key is assigned a unique 8-bit number 
(8-255). The first 8 codes are reserved for 
other keyboard functions. On each key 
transition, up or down, the keyboard will 
report the complete state of the key array as 
a list of zero to ten key stations that are 
currently down. 


Transition 
Report 


Altdown 
Alt 


Shift down 
AltShift 


''';down 
Alt Shift A 


'''; up 
AltShift 


Shift up 
Alt 


Altup 
<empty list> 


This reporting scheme is functionally 
complete in that the host can detect every 
key transition and it provides the full state of 
the keyboard on each report. No special 
resynchronization reports are needed. 


More detailed information can be found in the 
ACCESS.bus Keyboard Device Protocol 
Specification. 


Locator 
Devices 
The ACCESS. bus Locator Device 
Specifica~on provides for a device that has 
up to 15 degrees of freedom (with 16-bit 
precision) and up to 16 binary keys or 
buttons. Thus, in addition to such 
conventional pointerJlocator devices as 
mouse, tablet, trackball. The ACCESS. bus 
locator protocol is suitable for valuator sets, 
such as dial boxes, and function key boxes 
with up to 16 function keys. 


The locator capabilities information provides 
for specifying the number of switches and 
their designations (for example, "left", "right", 
"middle", etc.), whether the locator values are 
relative (like a mouse) or absoiute (like a 
tablet or dial box), the resolution (counts per 
unit, and units), the dynamic range, and the 
names of the locator axes (for example, "x", 
Y, etc.). 


The first2-byte 
word of the event report 
message body contains a mask giving the 
state of the switches; the remaining words 
contain the value of each of the locator axes, 
either the absolute values or the change 
since the previous report in the case of 
relative devices. The locator report message 
is sent either on a regular sampling interval or 
on receipt of an AppPoll message from the 
host. 


The locator-specific Application Protocol 
control/status messages are from the host to 
the device: 


AppPOIl 
Requests the device to report its state 


AppSamplinglnterval 
Sets the device sampling interval or 
instructs the device to report only 
when polled 


More detailed information can be found in the 
ACCESS.bus Locator Device Protocol 
Specification. 


Text Devices 
The text device protocol is intended to 
provide a simple way to transmit character or 
binary data to and from stream oriented 
devices s.uchas a bar code reader, or 
character display. The sequential character 
stream model also serves as a common 
denominator for connecting RS-232 
interfaced devices. 


A generic text device transmits a stream of 
8-bit bytes from a character set. Simple 
control messages are defined to support flow 
control and to select communication 
parameters that might be used to interface 
with a modem. The capabilities string 


contains information that identifies the 
specific character set and communication 
parameters used. 


More detailed information can be found in the 
ACCESS.bus Text Device Protocol 
Specification. 


TIMING 
RULES 
To ensure good interactive response and to 
ensure that all devices will have access to 
the bus, the ACCESS.bus specifies rules on 
transaction timing. Further, specific timeouts 
are needed to avoid hanging up the 
interconnect when devices fail or are 
removed. 


Transaction 
Timing 
Rules 


The ACCESS. bus is designed primarily for 
interactive devices. A basic objective of the 
definition of the ACCESS.bus specification is 
that every interactive device should be able 
to update the host on its state at least once in 
every display video frame time. To help meed 
this criterion, the Base Protocol imposes 
some rules on the timing of a device's 
interaction with the bus. 


Response 
Timeouts 
In order that a dead or unplugged device will 
not hang up the system indefinitely, there 
must be time limits for responding to 
commands that require a response. The 
ACCESS.bus protocol specifies that devices 
shall complete the Reset command within 
250ms. Further, a device shall respond to any 
command requiring a response within 40ms, 
or, in the case of commands that can be 
answered by several devices, within 40ms 
after the last device to respond. 


SOFTWARE 
ARCHITECTURE 


AND DEVELOPMENT 
An ACCESS.bus peripheral requires software 
at both ends of the bus transaction for 
managing all levels of the peripheral 
interaction: the i2C interface, the 
ACCESS.bus Base Protocol, and the 
ACCESS.bus Application Protocol. Further, 
the peripheral device requires software to 
support communication between the device 
microcontroller and the application-specific 
I/O transducer circuitry. Finally, the host 
system operating software must provide 
interfaces by which application programs can 
access both the ACCESS.bus devices and 
the ACCESS. bus itself. An important 
advantage of the ACCESS.bus approach is 
that the lower levels of the interaction are 
common to diverse device types, so they can 
be supported by the same or similar software 
modules. 


Device Firmware Development 
The microcc ntroller in the device provides the 
intelligence 'or managing the device's 
participation in all the levels of the 
ACCESS.bl s protocol. Use of the 
componenlf 
with hardware 
12C interface 


functionality 
described in 


"MICROCO ~TROLLERS", can simplify the 
developmer t of the lowest level of this 
software. MJreover, because they concern 
only the bu~ communication methods that are 
common to )11 sorts of peripheral devices, the 


12C interfacll and the ACCESS.bus Base 
Protocol mil y well be implemented by reusing 
software proviously developed for some of 
these components. And devices conforming 
to the semantics of the predefined standard 
Application Protocols may also benefit from 
the availabi ity of some off-the-shelf code at 
the top leve I. 


Of course, "ach device vendor will have to 
develop substantial firmware specific to his or 
her device. Philips and several third party 
vendors offllr a range of tools to support 
firmware dEvelopment for the standard 
component; 
of the 80C51 family. These tools 


include cro::s assemblers and cross 
compilers fur C and PUM, in-circuit emulators 
with symbo ic debugging and real-time trace 
support, an j EPROM programming 
equipment. Generally, these software and 
hardware t(l()ls are for use with 
PC-compat bles as the development 
platforms. 


Host Soltware 
Architecture 


Vendors of host systems supporting 
ACCESS.b JSwill have to supply drivers and 
other keme I modules to provide access to the 
ACCESS.bus port, both for application 
program cliants and for other system 
software, s Jch as the interactive 1/0 handlers 
of the windlJw system. 


DEVELC PMENT SUPPORT 
Both Digita and Philips Semiconductors offer 
technical SlJpport and assistance to 
developers of ACCESS.bus devices and host 
systems. 


ACCES~;.bus Industry 
Group 


The ACCE 3S.bus Industry Group (ABIG) is 
an associa ion of members interested in 


promoting ACCESS. bus as an industry 
standard for the desktop connectivity of 
computer peripherals. As an association, 
ABIG is intended to maintain the 
ACCESS.bus specification as a simple, 
easy-to-implement, stable technology in the 
spirit of its design and contribute to the 
technical longevity of the ACCESS.bus 
architecture. 


ABIG is an open industry group and anyone 
who has an interest in ACCESS.bus can be 
an ABIG member. An ABIG member is 
defined as a company including its divisions 
and subsidiaries, an organization, or a public 
or private institution. 


There are two basic types of membership; 
General and Voting. General membership is 
open to everyone and Voting Membership is 
restricted to only those members who are 
actively developing a device or platform that 
incorporates the ACCESS.bus technology. 
ABIG is governed by an elected Steering 
committee of seven voting members. 


ABIG Founding Members are those voting 
members who joined to form ABIG. They 
have the same voting privileges. The ABIG 
Founding Members are: 


AMP,lnc. 
Ceibo, Ltd. 
Computer Access Technology Corp. 
Digital Equipment Corp. 
Discrete TIme Systems Corp. 
Honeywell Keyboard Division 
Input Technologies, Inc. 
ITAC Systems, Inc. 
Kensington Microware Limited 
Lexmark International, Inc. 
Logitech, Inc. 
Micro Computer Control Corp. 
Molex Inc. 
Mouse Systems Corp. 
New Idea Electronic Co., Ltd. 
Nexus Applied Research, Inc. 
Penny & Giles Computer Products Ltd. 
Philips Semiconductors 
Robert Clemens Research & 
Development 
Summagraphics Corp. 
Sun International, Inc. 
Welch Allyn, Inc. 


For more details on ABIG, please contact 
ABIG directly at: 


ACCESS. bus Industry Group 
370 Altair Way, suile 215 
Sunnyvale, California 94086 
Telephone: 408-991-3517 
FAX: 408-991-3773 


Philips Semiconductors 
Support 
An ACCESS.bus specification is available 
from Philips Semiconductors. This kit 
includes the complete specifications for the 
ACCESS.bus Base Protocol and pre-defined 
Application Protocols, as well as the Philips 
Data Handbook containing the detailed 
specification of the 12Cbus, characteristics of 
the available integrated circuits which support 
it, application notes, and sample firmware 
code. The Data Handbooks also contain 
listing of development systems and 
third-party products supporting 
microcontroller firmware development, 
mentioned in the section entitled "Device 
Firmware Deve/opmenr. 


Beside the 80C51-family microcontrollers, 
Philips and other manufacturers offer over 
100 different components with built-in 12C 
support: memories, display controllers, data 
converters, clock/calendars, voice 
synthesizers, video processors, and others. 


For technical questions on 12Ccall your local 
Philips Semiconductors sales office, or 
contact the Philips' Headquarters Application 
Group at [1]408-991-3518. 


Purchase 
of Philips' 
12C components 
conveys 
a license under the 


Philips' 
12C patent to use the components 
in the 12C-system 


provided 
the system 
conforms 
to the 12C specifications 
defined 
by Philips. 


Computer Access Technology 
Corporation 


ACCESS.bus 


Development 
Kit 


ACCESS.bus is an open industry standard providing a simple and uniform way to connect up to 125 devices to a single 
port on a computer. ACCESS.bus features 100,000bits per second data rate, hardware arbitration, dynamic 
reconfiguration, a comprehensive capabilities grammar to support generic software device drivers, and off-the-shelf, low- 
cost I2C Microcontroller technology. 


The Ab-DEV-KIT 
is an ACCESS.bus product development support package. It includes CATC's PC/AT Ab-I25I 
ACCESS.bus controller board, an ACCESS.bus mouse, expansion box and cables and an 87C751 Microcontroller; The 
kit also includes a comprehensive software package ,a user's manual and Hotline telephone support. 


The software package includes on-board microcode, an ACCESS.bus Manager that runs as a TSR under DOS and an 
ACCESS.bus Monitor and Control program. In addition the Ab-DEV-KIT 
software includes source code of 
ACCESS.bus generic software drivers for the host and ACCESS.bus devices software modules. 


• 
Complies fully with the ACCESS.bus 
standard 


• 
ACCESS.bus hardware package 
including - 


• 
The Ab-125I PC/AT 
ACCESS.bus Controller 
• 
An Ab Mouse 


• 
An Ab expansion box 


• 
Ab cables (2 ft and 4 ft) 


• 
A Philips 87C751 
Microcontroller 


• 
A comprehensive software package 
including - 
• 
On-board ACCESS.bus Main 
Controller (Me) microcode 


• 
An ACCESS.bus Manager that 
runs as a TSR under DOS 


• 
An ACCESS.bus Monitor and 
Control program 


• 
Source code of an ACCESS.bus 
host generic software driver 


• 
Source code of a generic 
ACCESS.bus application layer 
software 


• 
Source code of ACCESS.bus 
devices software modules 


The A.b-DEV-KIT includes ACCESS.bus accessories 


and comprehensive software 


ACCES ~.bus Interface 
Controls i standard ACCESS.bus network. Provides 
two indm try standard ACCESS.bus connectors, 
supplying 5V @ 0.75 A. 


ACCES S.bus Network Size 
Supports up to 125ACCESS.bus devices. Physical 
distance lip to 25 feet. With an external 
ACCESS ,bus Buffer (optional) up to 250 feet. 


System Interface 
IBM PC/AT and compatibles. Uses the PC/AT 16- 
bit programmable input / output mechanism: 


User selectable I/O addresses- 


0x250to 0x25F 
0x260 to Ox26F 
0050 to OO5F 


Physical 
Power: 
+5V DC, 10 W max. 


Warranty 
9O-day.Return to factory for repair or replacement at 
manufacturers option 


On-boa rd MC microcode 
A real-time package that controls the operation of 
physical ACCESS.bus devices. 


ACCESS.bus 
Manager 


Runs as 1I TSR under DOS, communicates with the 
MC microcode and with the various device drivers. 
It routes control and application messages between 
the physi:at devices and their respective software 
drivers. 


ACCESS.bus 
Monitor 


A user-friendly, menu-driven program, displays 
user-sele,:ted ACCESS.bus messages and allows the 
user to control specific devices. 


Source Code License 
Source code of a generic ACCESS.bus software driver 
for the host. Source code of a generic ACCESS.bus 
application layer software. Source code of ACCESS.bus 
physical devices software modules. 


Diagnostics 
A comprehensive self test is performed on the board on 
power up. Diagnostics are run under control of the 
ACCESS.bus Monitor. 


Computer 
Access Technology Corporation 
949 Hillsboro Avenue, Sunnyvale, CA 94087 
Tel: (408) 7328910 
Fax: (408) 730 1675 


Computer Access Technology 
Corporation 


ACCESS.bus 


PC/AT Controller 
Board 


ACCESS.bus is an open industry standard providing a simple and uniform way to connect up to 125 devices to a single 
computer port. ACCESS.bus features data rate of 100,000bits per second, hardwary arbitration, dynamic 
reconfiguration, a comprehensive capabilities grammer to support generic software device drivers, and off-the-shelf, low- 
cost I2C microcontroller technology. 


The A.b-I25I is a PC/AT adapter board that serves as an ACCESS.bus master. It allows the connection of multiple 
devices to a single port on the PC. The board can be used in Desktop connectivity as well as in Control and 
Instrumentation applications. The board is based on a Philips 8xC654microcontroller with I2C interface. 


The A.b-I25I is offered with a comprehensive software package including on-board microcode and an ACCESS.bus 
Manager that runs as a TSR under DOS. 


• 
A highly integrated, half board 
design, uses a single 16-bit AT/ISA 
slot 


• 
Full compliance with the 
ACCESS.bus standard 


• 
On-board 8K bytes SRAM buffer 
memory 


• 
A comprehensive software package 
including - 


• 
An on-board ACCESS.bus Main 
Controller (Me) microcode 


• 
An ACCESS.bus Manager that 
runs as a TSR under DOS 


The A.b-125allows the connection of multiple devices 
to a single port on the PC 


ACCESS. bus Interface 


Controls 
a :itandard 
ACCESS.bus 
network. 
Provides 


two industrf 
standard 
ACCESS.bus 
connectors, 
supplying 
5V @ 0.75 A. 


ACCESS. bus Network Size 


Supports 
up to 125 ACCESS.bus 
devices. Physical 


distance 
up to 25 feet. With an external 
ACCESS.bus 


Buffer (optional) 
up to 250 feet. 


Buffer Memory 


8K x 8 bits 
:8K bytes) static RAM, 


System Interface 


IBM PC/AT 
and compatibles. 
Uses 
the PC/AT 
16- 


bit programmable 
input / output 
mechanism: 


User selectlble 
I/O addresses- 


0x250 to Ox25F 
0x260 to Ox26F 


0050 
to OO5F 


User select lble interrupt 
- 


IRQI0 
IRQll 
or IRQ12 


PC/AT 
Bus Interface 


Software 


A comprehensive 
software 
package 
is provided 
with 


the board. 
The software 
includes 
the on-board 


ACCESS.bus 
Main Controller 
(Me) 
microcode 
and 


the ACCESS.bus 
Manager 
that runs as a TSR under 


DOS. 


CATC has additional 
ACCESS.bus 
software 


available 
including 
a Windows 
3.1 version 
of the 


ACCESS.bus 
Manager, 
software 
device drivers, 
bus 


monitoring 
and control 
program 
and development 


tools. Call CA TC for additional 
information. 


Diagnostics 


A comprehensive 
self test is performed 
on the board 


on power up. 


Physical 


Power: 
+5V DC, 10 W max. 


Warranty 


9O-day. Return 
to factory for repair 
or replacement 
at 


manufacturers 
option 


ACCESS.bus 
Connectors 


Buffer Memory 
8Kx8SRAM 


Computer 
Access Technology Corporation 


949 Hillsboro 
Avenue, 
Sunnyvale, 
CA 94087 
Tel: (408) 732 8910 
Fax: (408)730 
1675 
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CAN OVEFtVIEW 
The Control A 'ea Network (CAN) is a 
multiplexed wiring protocol developed by 
Bosch for use in automotive applications. As 
products supporting CAN have been made 
available by Philips Semiconductors and 
other semicor ductor manufacturers, the 
protocol has t ecome used in other industries 
including: industrial automation, machine 
tools, medical equipment, and building 
environmental control, to name a few. The 
CAN protocol is attractive for use in a wide 


range of applications because it has powerful 
error detection capabilities and features 
differential drive, and can be used 
comfortably in critical high noise 
environments. CAN is also very flexible in 
terms of the transmission media and the 
connection scheme, and is generally easy to 
adapt to most applications. 


Philips offers a wide range of parts that 
support the CAN protocol, including 


stand-alone parts as well as microcontrollers 
with integrated CAN interfaces. Datasheets 
for the 82C200 (Stand-alone CAN controller), 
82C150 (CAN serial Linked 1/0 device), and 
82C250 (CAN transceiver) are included in 
this section of this databook. Datasheets for 
the microcontrollers that have an integrated 
CAN interface (8XC592 and 8XC598) are 
included with Philips' 80C51 family products 
in Section 3 of this databook. 
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1. 
FEATURES 
• 
Single-chip 1/0 device with CAN protocol controller 
• 
Meets CAN protocol specification version 2.0 A and 
B (passive) with restricted bit timing 
• 
Fully integrated clock oscillator (no crystal required) 


• 
16 configurable digital or analog I/O port pins 
• 
Each of the port pins individually configurable via 
CAN-bus: port direction, port mode and event capture 
facilities for inputs (event driven or polling) 


• 
Up to 16 digital inputs: 
automatic transmission of a CAN message on a 
change on inputs individually selectable 


• 
Up to 16 3-state outputs 


• 
Up to two quasi-analog outputs with 1O-bitaccuracy 
• 
1O-bit analog-to-digital converter with up to six 
multiplexed analog input channels 


• 
Two general purpose comparators 


• 
Bit rate from 20 kbiVs up to 125 kbitls using internal 
oscillator (extension by external clock possible) 


• 
Automatic bit rate detection and calibration 
• 
Up to 16 P82C150 nodes for one CAN-bus system 
• 
Four identifier bits programmable 


• 
Automatic recovery from bus wiring failures supported 
• 
SUO functions controlled by a single intelligent node 
("host") 


• 
Sleep-mode with wake-up via CAN-bus 


• 
Differential CAN-bus input comparator and CAN-bus 
output driver 


• 
5V ±4 % supply voltage range 


• 
Operating temperature range from -40 to +125 °C 


2. 
GENERAL DESCRIPTION 
The P82C150 
is a single-chip 16-bit I/O device including 
a controller area network (CAN) protocol controller with 
automatic bit rate detection and calibration. It features 16 
configurable I/O port pins with programmable direction, 
digital and analog modes. 
The P82C150 provides a configurable event capture 
facility supporting automatic transmission caused by a 
change on the port input pins. 
The clock oscillator requires no external components, 
thus, the cost of the CAN link is reduced significantly. 
The P82C150 is a very cost-effective way to increase the 
I/O capability of a microcontroller as well as to reduce the 
amount and complexity of wiring. Advanced safety is 
provided by the CAN protocol. 


Applications: 


body electronics and instrumentation in automotive 
applications 
sensor/actuator interface in automotive and general 
industrial applications 
extension of I/O capabilities of microcontrollers. 


PHILIPS 
PHILIPS NORTH AMERICA 
PACKAGE 
PART ORDER NUMBER 
TEMPERATURE 


PART MARKING 
PART ORDER NUMBERl 
PINS I 
PIN POSITION I MATERIAL I 
RANGE ("C) 
CODE 


P82C150 AHT 
P82C150 AHTD 
28 
I 
S028 
T 
plastic 
I 
SOT136A 
-40 to +125 


NOTE: 
1. Parts ordered by the Philips North America part number will be marked with the Philips part marking. 
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+5 V 
VDD2 


18 


'" 


RXD 
21 
~ 
.c 
Z<: 
RX1 
22 
() 


19 
REF +- 


FST 
23 


'" .JXl 
26 
" 
.c 
Z 
lXD 
<: 
25 
() ... 


16 va 


port pins 


9 to 16 
P8 to P15 


5,6,7 
P5 to P7 


1,2,3 
P2 to P4 


27,28 
PO, P1 
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) 


identifier 
. 
programming 
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SYMBOL 
PIN 
DESCRIPTION 


P2 
1 


P3 
2 
I/O ports P2 to P3; Identifier programming input 
-- 
P4 
3 
I/O port 4; DPM2 output 
_. 


VSS1 
4 
logic ground (0 V; logic circuits and CAN-bus driver) 


P5 
5 


P6 
6 
I/O ports P5 to P6; analog input 


P7 
7 
I/O port 7; analog input or AID comparator 1 output 


VOO1 
8 
+5 V supply voltage (logic circuits and CAN-bus driver) 


P8 
9 
I/O port 8; analog input or comparator 3 output 


pg 
10 
I/O port g; analog input or comparator 2 output 


P10 
11 
I/O port 10; comparator 3 inverting input or DPM1 output 


P11 
12 
I/O port 11; comparator 3 non-inverting input 


P12 
13 
I/O port 12; comparator 2 inverting input 


P13 
14 
I/O port 13; comparator 2 non-inverting input 


P14 
15 
I/O port 14; multiplexed analog signal 


P15 
16 
I/O port 15; AID comparator input 


P16 
17 
feedback output of AID converter 


VOO2 
18 
+5 V supply voltage (CAN input, oscillator, reference) 


REF 
19 
reference voltage output (1/2 VOO2) 


VSS2 
20 
analog ground (0 V; CAN input, oscillator, reference) 


RXO 
21 


RX1 
22 
CAN-bus input 


RST 
23 
external reset input (active-HIGH) 


TEST 
24 
test input; connected to ground 


TXO 
25 
open-drain CAN-bus output: 
dominant = LOW; recessive = floating 


TX1 
26 
open-drain CAN-bus output: 
dominant = HIGH; recessive or at bus mode 2 floating 


PO 
27 


P1 
28 
I/O ports POto P1; Identifier programming input 


P2 
Pl 


P3 
PO 


P4 
TXl 


vss, 
TXO 


P5 
TEST 


P6 
RST 


P7 
RXl 
voo, 
RXO 


P8 
VSS2 


P9 
REF 


VOD2 


Pl1 
P16 


P12 
P15 


P13 
P14 
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6. FUNCTIONAL 
DESCRIPTION 


6.1. 1/0 functions 


The PC82C150 provides 16 port pins (P15 to PO)which 
are individually configurable via CAN-bus. Besides the 
digital 1/0 functions some of these port pins provide 
analog 1/0 functions. 


DIGITAL 
INPUT FUNCTIONS: 


Input levels HIGH and LOW on the port pins (P15 to PO) 
can be read in two ways by the host node: 


polling: 
a Remote Frame is sent to the P82C150 to 


be answered by a Data Frame containing the Data 
Input Register contents 


event capture: 
in case of edge-triggered mode, the 


P82C150 sends the same Data Frame caused by the 
event of 1\ rising and/or falling edge on the 
corresponding port pins (Table 2). 


DIGITAL 
OUTPUT 
FUNCTIONS: 


The Data Output Register is set via a CAN message. Its 
content is only output when the corresponding bits of the 
Output Enable Register are set to "1". 


ANALOG 
INPUTloUTPUT 
FUNCTIONS: 


up to six multiplexed analog input signals for ND 
conversion or general purpose 
up to two quasi-analog output channels (DPM) 
two input comparators, for example for window 
comparator applications 
a separate ND input comparator with feedback 
output (1O-bit ±2 LSB ND conversion) 
ND converted digital results are obtained by reading the 
ND register. Analog functions of each port pin are 


individually controlled by the Analog Configuration Register. 
Writing the 1/0 registers is done serially via CAN-bus by 
Data Frames. The first data byte contains the register 
address, and the second and third data bytes represent the 
register contents. If a read-only register is addressed, the 
contents of the second and third data bytes are ignored. 
It is recommended to set unused port pins defined HIGH 
(100 kO resistor to VDO). 


6.1.1. Data Input Register 
(address 
0; read only) 


This register contains the states of port pins P15 to PO 
which are transmitted on request, or automatically by 
change of one of the input levels, provided that the 
respective input is configured to event capture mode 
(Table 2). When an edge is detected, the port state is 
loaded after sending the Control Field of the triggered 
message. Thereby a delay for input settling is provided. 
Additionally, the register content is sent automatically 
after a reset or bus mode change, once the bit time has 
been calibrated. 


6.1.2. Positive 
Edge Register 
(address 
1; write only) 


This register contains configuration information per port 
pin for the event capture facility. The corresponding PE-bit 
(Table 2) has to be set to "1" to enable capturing of the 
rising edge. 


6.1.3. Negative Edge Register 
(address 
2; write only) 


This register contains configuration information per port 
pin for the event capture facility. The corresponding 
NE-bit (Table 2) has to be set to "1" to enable capturing of 
the falling edge. 


The combination of PE and NE functions is possible. 


MSB 
LSB 
REGISTER 
ADDRESS 15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


Data input 
0 
DI15 DI14 DI13 DI12 
Dill 
Dll0 
DI9 
DI8 
DI7 
DI6 
DI5 
DI4 
DI3 
DI2 
011 010 


Positive edge 
1 
PE15 PE14 PE13 PE12 
PEll 
PE10 PE9 
PES 
PE7 PE6 PE5 PE4 
PE3 PE2 PEl 
PEO 


Negative edge 
2 
NE15 NE14 NE13NE12 
NEll 
NE10 NE9 NE8 
NE7 NE6 NE5 NE4 
NE3 NE2 NEl NEO 


Data output 
3 
0015001400130012 
DOll 
0010009 
008 
007 
006 005 
004 
D03 002 
001 000 


Output enable 
4 
OE150E140E130E12 
OEll0El00E90E8 
OE7 OE6 OE5 OE4 
OE3 OE2 OEl OEO 


Analog 
configuration 
5 
ADC OC3 OC2 OCl 
0 
M3 
M2 
Ml 
SW3SW2SW10 
0 
0 
0 
0 


DPMl 
6 
DP9 DP8 DP7 DP6 
DP5 
DP4 
DP3 DP2 
DPl 
DPO 0 
0 
0 
0 
0 
0 


DPM2 
7 
D09 
D08 
DOl 
D06 
D05 
D04 
D03 
D02 
DOl DOOO 
0 
0 
0 
0 
0 


ND 
8 
AD9 AD8 AD7 AD6 
AD5 
AD4 
AD3 AD2 
ADl 
ADO 0 
0 
0 
0 
0 
0 
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REGISl ER CONTENTS 
DIGITAL INPUT FUNCTION 
DIGITAL 
OF PARTICULAR 
OUTPUT 
PORT PIN 
POLLING 
EVENT CAPTURE ON EDGE 
FUNCTION 
bits 
RISING 
FALLING 
RISING AND FALLING 


Positive edge 
PE 
X 
1 
0 
1 
X 


Negativ'3 edge 
NE 
X 
0 
1 
1 
X 


Output unable 
OE 
X 
X 
X 
X 
1 


6.1.4. 
Data Output 
Register 
(address 
3; write only) 


This register contains the output data for the port pins. 
The out~ut drivers are bitwise enabled by OE. 


6.1.5. Output 
Enable Register 
(address 
4; write only) 


This register controls the output drivers of the port pins. 
The corr3sponding Output Enable Register bit has to be 
set to "1' to enable an output driver. If set to "0", the 
corresponding output driver is disabled (floating; Fig.4). 


6.1.6. Analog 
Configuration 
Register 


(address 
5; read/write) 


This register contains the bits ADC, OC3 to OC1, M3 to 
M1 and ::;W3 to SW1 (Fig. 5). 


ADC BIT (AID conversion start bit; write-only bit): 


The P82C150 starts an AID conversion cycle at 
ADC = 1 ended with the transmission of a message 
containir g the result. After that, the ADC bit is reset 
automatically. 


OC3 TO OC1 BITS (comparator output data; read-only bits): 


The P82C150 sends back the logical output value of 
these cO'Tlparators after having received a Data Frame 
(6.2.3.) cddressing the Anaiog Configuration Register. 
Monitoring is also possible by using the event capture 
facility. 


M3 TO M1 BITS (multiplexer control bits; write-only bits): 


The logical value of the comparators is monitored on port 
pins P8, pg and P7 (Fig.5) by setting M3 to M1 to "1", 
provided that these pins are configured as outputs 
(OE = 1). 


SW3 TO SW1 (analog switch control bits; write-only bits): 


One of the analog switches S1 to S6 can be closed by 
setting the switch bits to the corresponding value (Fig.5): 


SW3 
SW2 
SW1 


0 
0 
0 
no switch closed (SO) 
0 
0 
1 
S1 closed 


0 
1 
0 
S2 closed 


0 
1 
1 
S3 closed 


1 
0 
0 
S4 closed 


1 
0 
1 
S5 closed 


1 
1 
0 
S6 closed 


1 
1 
1 
reserved 


Evidently if P14 is driven, it may not be connected to any 
other driven pin via the internal analog switches (avoid 
short-circuit!). 


6.1.7. DPM1 Register 
(address 
6; write only) 


A quasi-analog output signal on port pin P10 is generated 
by distributed pulse modulation (DPM; Fig.8) if the 
Output Enable bit is set (OE10 = 1). The DPM1 output 
signal is inverted by setting 0010 = 1. The number of 
output pulses during a DPM period is given by the 
DPM1 Register value. These pulses have 4 x telK length 
and are distributed over the DPM period (Fig.8). 
An analog voltage is provided after smoothing the output 
signal by an external RC combination. 


6.1.8. DPM2 Register 
(address 
7; write only) 


The function of the DPM2 output (P4) and the DPM2 
Register correspond to the definition of DPM1. 


6.1.9. AID Register 
(address 
8; read only) 


This register contains the result of the AID converted 
level of that I/O pin which was selected by the SW bits. 
The conversion is started by ADC-bit set to"1", or by 
transmitting a Data Frame addressing the AID Register. 
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,J, 


R2: 
: 


or' 
P15 
~~---~---- 
j 
: Cl 


Rl i 1 
=T= 


or' 
~ 


Ml 


D07 


OE7 


SW3 to SWl 
P82C150 


OE8 


M3 
0 
D08 


D09 


OE9 
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6.2. CAN fl net ions 


The P82Cl~,0 meets the CAN protocol specification 
version 2.0 ,\ and B (passive) with restricted bit timing 
because of 1he on-chip RC-oscillator. 
In a system with P82C150 nodes there must be at least 
one conven'ional crystal-operated 
CAN controller (host 
node), that i5 responsible to control P82C150 nodes. 
P82C150 nodes cannot control each other. 
Each time a P82C150 node receives a Data Frame, it 
initiates the transmission of a Data Frame containing four 
bits status information, the register address (previously 
received) and the current contents of the addressed 
register. This enables the host node to verify that the 
addressed ,egister has correctly been written in case of 
writable registers, and to read the contents in case of 
readable re ~isters. 


Table 3 MEssage types and format 


FRAME 
TRANSMISSION 
RECEPTION 


Data Framo 
yes (DLC = 3; 
yes (DLe = 3; DIR = 0; 
DIR = 1) 
calibration message with 
DLC = 2 to 8 allowed) 


Remote Frame no 
yes (DLC = 3; DIR = 1) 


Error Fram3 
yes 
yes 


Overload 
yes (only as a 
FramE' 
response) 
yes 


Data and Remote Frames to be processed by the 
P82C150 are of Standard Format with 11 Identifier bits 
10.10 to 10.0. Frames with extended Identifier (CAN 
specification version 2.0 B) are ignored. 


Identifier 
~ 
~'31 


ID'08 
a 
DIR 
RTR 


programmable identifier bits read from 
port pins P3 to POduring reset. 


"1" for transmission of Data Frames 
to the host. It must be set to "1" in 
Remote Frames and to "0" in Data Frames 
received from the host. 


Remote Transmission Request bit. 


The inputl3vels 
on P3 to PO, for example set by resistors 
to VSS or "DO, are latched in the Identifier latch with the 
falling edgn of the RST input signal. They represent the 
variable pc rt of the Identifier, while the remaining bits are 


fixed (mask-programmed). 
P3 to POcan be used as 1/0 


ports after reset. 


The way of identifier programming is based on two facts: 


each P82C150 operates with only two Identifiers at 
which the higher priority Identifier is used for Data 
Frame reception (there is an extra Identifier for 
calibration purpose) 


there can be maximum sixteen P82C150 circuits in 
one network. 


6.2.2. Transmission 
of Data Frames 


Data Frames transmitted by the P82C150 contain three 
data bytes (Fig.6). The first data byte contains the status 
information and the register address A3 to AO, the other 
two data bytes contain the content of the addressed 
I/O Register. 


IRSTD EW SMl 
SMa 
A3 
A2 
Al 
Aa I 


RSTD 
It is "1" in the first message after the 
successful detection of the bit rate 
(bit time calibrated). 


EW 
"1", if the error warning limit (32) is 
reached 


BM1, BMO 


A3 to AO 


bus mode status bits 


register address bits 


The EW status bit is set when the Receive Error Counter 
or the Transmit Error Counter have exceeded the Error 
Warning Limit of 32, also temporarily, since the last 
successful transmission of a message. 
After each successful message transmission, 
the 


P82C 150 delays the transmission of a possibly further 
pending message for three bit times. The reason is to give 
other CAN controllers - with a lower identifier priority - 
the possibility to transmit a message in case of faulty 
contact at one of the edge-triggered port pins. 


6.2.3. Reception 
of Data Frames and Remote Frames 


Received Data Frames have the same format as 
transmitted ones, only the DIR-bit (10.0) in the 
Arbitration Field is different. The status bits RSTD, EW, 
BM1 and BMO are ignored during reception. 


The P82C150 confirms each reception of a Data Frame 
by transmitting a Data Frame containing the (new) 
contents of the addressed I/O Register. 
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Exceptions from this rule: 


1. Analog Configuration Register: 
If a P82C150 receives a Data Frame addressing the 
Analog Configuration Register and the ADC bit is set 
to "1", it will respond with two messages. The first 
message returns the contents of the Analog 
Configuration Register. The control instructions are 
executed (e. g. next analog input channel selected), 
and an ND conversion cycle is started after a set-up 
time. After finishing the ND conversion cycle, the 
second message is transmitted containing the result 
(ND Register). 


2. 
ND Register: 
On receiving a Data Frame addressing the ND 
Register, the P82C150 starts an ND conversion cycle. 
It automatically returns the result of the conversion 
(ND Register) by transmitting a respective 
Data Frame after finishing the ND conversion cycle. 


3. 
At normal operation, the calibration messages are 
confirmed by returning a dominant bit in the 
acknowledge slot. There is no particular confirmation 
message returned by the P82C150. Only after 
entering the calibrated state (start-up), a Data Frame 
containing the Data Input Register contents is 
transmitted indicating to the host node, that the 
P82C150 is now ready for transmission. 


Remote Frame: 
Received Remote Frames must have the Data Length 
Code DLC = 3 (Remote Frames with DLC * 3 are 
ignored). It is answered by a Data Frame containing the 
contents of the Data Input Register. 


6.2.4. CAN-bus 
modes 


The P82C150 can pass through four CAN-bus modes 
under certain conditions (Fig.7). In the bus modes 0 to 2 
(Table 4) the P82C150 is operating with different input 
comparator configurations. Bus mode 3 is the power 
reduced Sleep Mode. 


The bus modes support: 


communication on two balanced wires (differential 
system) 


communication on one wire in a two-wire differential 
system 


Sleep Mode with wake-up via either of the two RX 
inputs 


connection of a second transmission medium 
(redundancy) 


There are two possibilities for condition 1 to switch to the 
next mode: 


overflow of the bit counter when 8192 is reached 
since the last calibration message or since end of 
reset 


SOF 
= 
Start 01 Frame 


RTR 
'" 
RemoteTransmlssion 
Request 


P3 to PO = 
equals programmed 
Identifier bits 
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BUS MODE 
BITS 
RECEPTION LEVEL 
TRANSMISSION 


BM1, BMO 
RECESSIVE 
DOMINANT 
TX1 
TXO 


0 
Diffl,rential 
00 
RXO> RX1 
RXO < RX1 
enabled 
enabled 


1 
One-wire RX1 
01 
RX1 < REF 
RX1 > REF 
enabled 
enabled 


2 
One -wire RXO 
10 
RXO> REF 
RXO < REF 
disabled 
enabled 


3 
Slel'p 
11 
RXO> REF 
RXO < REF 
disabled 
disabled 
and RX1 < REF 
or RX1 > REF 
, 


Note to ·-able 4 
Output T)(1 is disabled in bus mode 2 to tolerate short-circuit between the CAN-bus wires CAN_H and CAN_L. 


overflow of the Transmit Error Counter 
(>251;; bus-off limit reached). 


The P82C150 is in mode 0 after reset. All 1/0 Registers are 
cleared (outputs floating) when bus mode changes (e.g. by 
bus-off or Sleep Mode); the status bits are set additionally: 


RSTD = 1 
EW 
= 0 
BMnew = BMoid + 1 


The prog-ammed Identifier bits remain unchanged. 


During Sleep Mode, the internal RC oscillator is stopped, 
and all the output drivers are disabled (1/0 Register 
contents cleared). A P82C150 
in Sleep Mode can only 
be awokm via CAN-bus (dominant level on RXO or RX1) 
or by a rEset condition. 


6.2.5. Bil timing 


The Nominal Bit Time of the P82C150 is subdivided into 
10 Time Ouanta. The Synchronization 
Time Segment 


(SYNC_~;EG) and the Propagation Time Segment 
(PROP_BEG) are each one Time Quantum long. The 
Phase BlIffer Segment 1 (PHASE_SEG1) and the Phase 
Buffer Segment 2 (PHASE_SEG2) are each four Time 
Quanta long. The Resynchronization Jump Width (SJW) 
is four Time Quanta long. The sample point is located at 
the end cf the Phase Buffer Segment 1. The Nominal Bit 
Time is internally adjusted to that bit timing which is 
provided by the crystal driven host (calibration message). 


. 


1 BIT TIME 


BT1 
BT2 
BT3 
BT4 BT5 
BT6 
BT7 BT8 BT9 
BT10 


SYNC PllOP 
SEG 
~EG 
PHASE_SEG1 
PHASE_SEG2 


The usable bus length at a given bit rate is reduced in 
comparision to other CAN controllers with programmable 
bit timing because the Propagation Time Segment is fixed 
to 1/10 length of the Nominal Bit Time. 


Fig.7 CAN-bus modes and switch-over conditions . 


Condition 1: 
bit counter overflow (>8191) or Transmit Error 
Counter overflow (>255). 


Condition 2: 
dominant bit detected on RXOor RX1 
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6.2.6. CAN-bus transceiver 


The transceiver of the P82C150 consists of the 
configurable input comparator and of complementary 
open-drain driver outputs. The reference voltage REF is 
an additional output. 


CAN-BUSINPUTCOMPARATOR 
(RXO, RX1): 


The input comparator monitors the transient voltage on 
RXl and RXO. 
The result of the input comparator is "1" if the voltage 
levels of the CAN-bus lines are regarded as recessive, 
and "0" if they are regarded as dominant. 


The recessive state and the dominant state are not 
equivalent and may not be mixed-up. 
The input comparator is configurable depending on the 
four CAN-bus modes (Table 4). supporting battery-powered 
applications (Sleep Mode) and tolerance against bus 
wiring failures. 


CAN-BUSOUTPUTDRIVERS(TXO, TX1) 


The output driver function is shown in Table 5. The output 
driver TX1 is disabled in bus mode 2 to tolerate a 
short-circuit between the CAN-bus lines in a two-wire 
differential CAN physical layer. 


6.2.7. Transmit 
and receive logic 


The transmit and receive logic stores the destuffed bit 
stream which was received or is about to be transmitted. 
The incoming Identifier is compared with that of the 
P82C150. The content of the message is transferred to 
the port logic in case of matching. 


At transmission, the message about to be sent is put 
together: the Identifier, the status information, the register 
address and the content of the addressed register from 
the port logic. 


6.2.8. Bit Stream Processor 
and Error Management 
Logic 


The Bit Stream Processor (BSP) is a sequencer to control 
the data stream between the transmit/receive 
logic 
(parallel data) and the on-chip CAN transceiver (serial 
data). Reception/transmission, 
bit stuffing/destuffing, 


arbitration and error detection, according to CAN protocol 
specification version 2.0 A and B (passive), are performed. 
Further, automatic re-transmission of corrupted messages 
is handled by means of continuously comparing the 
output bit stream with the input bit stream. 
Moreover, the Bit Stream Processor provides control 
information to calibrate the internal bit time. 


The Error Management Logic is responsible for the 
complete CAN-inherent error management. 


6.2.9. Oscillator 
and calibration 


The P82C150 contains an on-chip RC-oscillator. The bit 
time is automatically calibrated by messages being 
received via CAN-bus. During start-up (after wake-up or 
reset) any message is used to calibrate the bit time until 
the calibration is sufficient to receive messages correctly. 
From this time on, the bit time is calibrated and fine-tuned 
by calibration messages with a special Identifier 
transmitted by the crystal-operated 
host. 


Only P82C150 nodes being calibrated by calibration 
messages can transmit messages. The first message is 
transmitted directly after entering the calibrated state. 
Since the P82C150 is not able to transmit as long as the 
bit time is not calibrated, it cannot wake-up other CAN 
nodes via the bus line. Hence to keep the network alive, 
the calibration message must be transmitted regularly by 
a crystal-operated 
(host) node with a maximum repetition 


period of 8192 bit. It is recommended to transmit two 
calibration messages within a period of 8192 bit. 


CAN OUTPUT 
RECESSIVE 
DOMINANT 
DOMINANT 
RESET STATE, BUS-OFF AND 
(MODES 0 AND 1) 
(MODE2) 
SLEEP MODE (MODE 3) 


TXO 
floating 
LOW 
LOW 
floating 


TXl 
floating 
HIGH 
floating 
floating 


SOF 
ARBITRATION 
CONTROL 
DATA BYTE 1 
DATA BYTE 2 
CRC FIELD 


FIELD 
FIELD 


0 
000101010100 
0001010 
10101010 
000010100 
00010 1011 1000 0010 
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6.2.10. 
Calibration 
message 


The calibra1ion message has to meet the following 
requirements 


trans milled by a crystal-operated 
node (host node) 


identifiel: 000 1010 1010 (1 = recessive; 0 = dominant) 


RTR bit. 
0 


allowed control field: 
DLC = 2 to 8 


the first recessive to dominant transition after the 
control 'ield must be followed by another recessive 
to domilant 
transition in a distance of exactly 32 bit 
(stuff bi:s included). 


Example 0' a suitable calibration message (there are 
others using different data bytes: Table 6): 


data length code: 
0010 


1st data byte 
1010 1010 (AAh) 


2nd da' a byte 
0000 0100 (04h) 


6.3. Initia ization 


6.3.1. Identifier 
programming 


Most of tho P82C150 identifier bits are fixed, Four bits are 
programm ible via port pins P3 to PO, All output drivers are 
disabled at reset, also P3 to po, Thus the outputs are 
floating un ess the input level is defined by external 
components to define identifier bits. They are latched at 
the end of reset, and P3 to POcan be used as port pins, 
It is not all)wed, 
according to the CAN protocol 
specification, that multiple bus nodes transmit the same 
identifier bit combination, Therefore a P82C150 
must 
have one of the 16 possible identifier bit combinations, 
one that is not yet occupied, 


6.3.2. 
Rellet function 


RST = HI(,H disables all output drivers P16 to PO,TXO 
and TX1, ,11,11 I/O Registers are automatically cleared and 
set to "0", The bit time is set greater than 50 fls, 


After rese : 
status bits 
identifier bits 


RSTD 
EW 
BMl 
BMO 


10,8 equals P3 
10,5 equals P2 
IDA equals Pl 
10,3 equals PO 


If a particular clock period is neccessary, e, g, for a 
dedicated DPM output frequency, this can be achieved by 
feeding an external clock signal into PO, RST and TEST 
must be ~ermanently HIGH for this special mode, A reset 
is then performed as usual (RST = HIGH; TEST = LOW), 


6.3.3. Bit time calibration 


The P82C150 must receive at least two messages to 
calibrate its bit time after reset or change of bus mode. 
The first message is used to detect the bit time length 
between two consecutive falling edges at the output of the 
CAN input comparator. Therefore the bit stream should 
contain a sequence of"l 010". 
If this measurement is not disturbed, the P82C150 is able 
to receive messages correctly and to execute the 
respective commands. The P82C150 is fully calibrated 
and transmits its first bit (acknowledge) 
after a successful 
reception of a calibration message. Thus the P82C150 is 
enabled to transmit messages, 


Sign-on message: 


This special Data Frame is transmitted once by the 
P82C150 
after entering the calibrated state, It indicates 
to the host node that the P82C150 is ready for 
transmission, 
The sign-on message returns the contents of the Data 
Input Register, and can be recognized by the host node 
by checking the RSTD status bit. 


Sign-on message 
RSTD = 1; 
other Data Frames RSTD = O. 


CAN serial linked I/O device 
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,, 


JlJlJlJD ,, 
JlJlJlJD 


Fig.8 DPM output pulses at D01 0(4) = 0; output pulses are inverted at D01 0(4) = 1. 
Distributed pulse modulation (DPM) is a special pulse count modulation. 


7. LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 


VOO 
supply voltage on VOOpins 
-0.5 
6.5 
V 


VI 
DC input voltage on any pin 
(RXO, RX1, TXO, TX1 excluded) 
-0.5 
VOO+0.5 
V 


II 
RX1 and RXO input current 
. 
±2 
mA 


IREF 
reference output current 
±2 
mA 


10 
port output current at port enabled (pins POto P15) 
. 
±5 
mA 


port output current at analog switch enabled 
(OE-bits = 0; pins P5 to P9, P13, P14) 
- 
±7.5 
mA 


TXO and TX1 output current 
±30 
mA 


Po tot 
total output power dissipation (port outputs together) 
200 
mW 


Tamb 
operating ambient temperature range 
-40 
+125 
°C 


TSt9 
storage temperature range 
-65 
+150 
°C 


Ptot 
total power dissipation 
1 
W 


CAN ~;erial linked I/O device 
with digital and analog port functions 


8. 
CHAI~ACTERISTICS 


8.1. DC CHARACTERISTICS 
V00 = 5 V ±4 %; VSS = 0 V and Tamb = -40 to +125 °C unless otherwise specified. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


VOO 
supply voltage range 
4.8 
5.2 
V 


100 
supply current 
VRST = VOO; 
all outputs unloaded 
- 
22 
mA 


ISM 
Sleep Mode supply current 
all outputs unloaded 
tbf 
IlA 


CAN input comparator 
RXO and RX1 
1.5 V < VI < (V002-1.5 
V) 


VOIF 
differential input voltage 
±25 
mV 


VHYST 
input voltage hysteresis 
note 1 
8 
mV 


II 
input current 
- 
±400 
nA 


CAN output 
driver TXO and TX1 
port pins P16 to POunloaded 


Vo LT 
output voltage LOW 
10LT= 1.5 mA 
0.1 
V 


VOHT 
output voltage HIGH 
10HT = -1.5 mA 
Voo-0.1 
- 
V 


Referenc:e voltage 
REF 


VREF 
reference output voltage 
10< ±75 flA 
V 


minimum 
1/2 Voo2-tbf 
mV 


maximum 
112 VOO2+tbf mV 


Control 
nputs RST and TEST 


VI L 
input voltage LOW 
-0.5 
1.5 
V 


VIH 
input voltage HIGH 
3.5 
VOO+0.5 
V 


VHYST 
input voltage hysteresis 
note 1 
0.5 
V 


Digital port inputs 
P15 to PO 


VIL 
input voltage LOW 
-0.5 
1.5 
V 


VIH 
input voltage HIGH 
3.5 
VOO+0.5 
V 


Digital port outputs 
P16 to PO 
OE bits set 


Vo L 
I output voltage LOW 
10L = 4 mA (sink) 
1 
V 


VOH 
output voltage HIGH 
10H = -4 mA (source) 
Voo-1 
V 


OC2 cornparator 
P12, P13 and OC3 comparator 
P10, P11 


VOIF1 
differential input voltage 
1.5 V < VI < (Voo-1.5) 
V 
tbf 
- 
mV 


CAN serial linked I/O device 
with digital and analog port functions 


Maximum bus length 


Table 7 Maximum bus line length for CAN-bus systems with P82C150 
nodes. The bit timing parameters refer to using 
a P8xCE598 or P8xC592 microcontroller with on-chip CAN interface as a host node (Fig.12). 


Assumptions: 
- the total in/out delay of external transceiver circuit is 120 ns (e. g. PCA82C250 CAN transceiver; Fig.13) 
- the propagation delay on the transmission medium is 5.5 ns/m. 


BIT RATE 
tprop /2 
(note1) 
MAXIMUM 
BIT TIMING (P8x CE 598/P8xC592) 


(kbltls) 
(f.ls) 
BUS LENGTH 
fClK (MHz) 
BTRO (note 2) 
BTR1 (note 2) 


125 
0.8 
80 m 
15 
C5 h 
34 h 


100 
1 
120 m 
16 
C7 h 
34 h 


50 
2 
300 m 
16 
CE h 
34 h 


20 
5 
850 m 
16 
E7 h 
34 h 


Notes to Table 7 
1. tprop/2 is the maximum propagation delay between two CAN-bus nodes ( delays of on- and off-chip transceiver 
circuits included) 
2. BTRO and BTR1 (hex values) are particular configuration registers refering to bit timing. 
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VC.I 
P82C150 


comparison 
between two Vls, 


Pl1 (P13) 


~~ 


analog input signals 
Pl0(P12) 


message transmission 
V~, 
P82C150 


when analog input signal 
P11 (P13) 
exceeds threshold voltage 


+5V 
threshold 
Pl0 (P12) 


message transmission 
when analog input signal 
exceeds upper respectively 
lower threshold voltage 
(window comparator) 


Vh4L'::: 


-~- 


vttt--r( , 


I, 
II 


Vbt:;~:: ' 
I, 
., 


:: ii 
t 


sensor 
signal 


lower 
threshold 


~, 


Vfn:, 


CAN serial linked I/O device 
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two multiplexed analog input 
signals switched for AID conversion 
(maximum six signals, Fig.5) 


:trOto P15 


CAN serial linked I/O device 
with digital and analog port functions 


CONDITIONS 


1.5 V < VI < (V002-1.5) 
V 
AID comparator 
input 
P15 


Vi sw 
input switch-over voltage 


minimum 
V 


Vool2+tbf 
V 


±1 
!LA 
III 
input leakage current 


Analog switches 


RON 
ON resistance 


ION = ±4 mA 


between P5 to P9, P13 
and P14; note 1 


Note tll the DC characteristics 


1. Not tested durin9 production. 


8.2. AG CHARACTERISTICS 
VOO = !; V ± 4 %; VSS = 0 V and Tamb = -40 to +125 oC; Cl = 100 pF unless otherwise specified. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


'elK 
system clock frequency 
4 
10 
MHz 


tbit 
bit time on CAN-bus 
internal oscillator 
8 
50 
!Ls 


td 
total signal delay of CAN 
input comparator and 
1.5 V < VI < (VOo-1.5) V; 
CAN output driver 
VOIF = ±25 mV 
- 
200 
ns 


trep 
repetition time of calibration 
message 
- 
8192 
bit 


AID cc mparator 
input P15 


teye 
NO conversion cycle time 
0.4 
1.1 
ms 


tinit 
initialization time 
of NO conversion 
0.4 
2.1 
ms 


Comphrator 
OC2 (P12, P13 inputs) 
and comparator 
OC3 (P10, P11 inputs) 


tresp 
response time 
V01F1= ±100 mV 
- 
tbf 
!Ls 


DPM1 and DPM2 outputs 


tOPM 
repetition time of OPM cycle 
Fig.8 
0.4 
1.1 
ms 


,, 


: on/olf 
: control 
, 


, 


, 


, 
, 
, 


1 
~ 


linear 
control 
with 
status 
feedback 


Px 
Py 
Pz 
(digilalout) 
(DPM) 
(digital in) 


Pw 


(analog in) 


P8xCE598I 
P8xC592 
microcontroller 
with CAN on chip 


XTAL2 


CTXl 


XTALlTH 


c::J 
system 
clock 
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RXO 
REF 
RX1 
TXO 
TX1 


~~[~~~~~~Ol 


~--------~ 


RXD 
REF 
TXD 
Rs 
+5 V 


vCC 


PCA82C250 
100 nF 


GND 


CANL 
CANH 


Fig.13 P82C150 connected to CAN-bus using CAN transceiver PCA82C250 
(ISO I DIS 11898 standard). 


Philips Semiconductors Microcontroller Products 


• Multi-master architecture 


• Interfaces with a large variety of microcontrollers 


• Bus access priority (determined by the message 


identifier) 


• 2032 message identifiers 


• Guaranteed latency time for high priority messages 


• Powerful error handling capability 


• Data length from 0 to 8 bytes 


• Configurabie bus interface 


• Programmable ciock output 


• Multicast and Broadcast message faciiity 


• Non destructive bit-wise arbitration 


• Non-return-to-zero (NRZ) coding/decoding with 
bit-stuffing 


• Programmable transfer rate (up to 1 MbiVs) 


• Programmable output driver configuration 


• Suitable for use in a wide range of networks including 
the SAE networks Class A, Band C 


• 16 MHz clock frequency 


• -40 to +85/125 °C operating temperature. 


2 GENERAL DESCRIPTION 


The PCA82C200; PCF82C200 (hereafter generically 
referred to as PCX82C200) is a highly integrated 
stand-alone controller for the controller area network 
(CAN) used within automotive and general industrial 
environments. The temperature range includes an 
automotive temperature range version (PCA82C200) of 
-40 to +125°C and a -40 to +85 °C version 
(PCF82C200) for general applications. 


The PCX82C200 contains all necessary features 
required to implement a high performance 
communication protocol. The PCX82C200 with a simple 
bus line connection performs ail the functions of the 
physical and data-link layers. The application layer of an 
Electronic Control Unit (ECU) is provided by a 
microcontroller, to which the PCX82C200 provides a 
versatile interface. The use of the PCX82C200 in an 
automotive or general industrial environment, results in a 
reduced wiring harness and an enhanced diagnostic and 
supervisory capability. 


PlilLIPS 
PHILIPS NORTH AMERICA 
PACKAGE 
TEMPERATURE 
PART OR )ER NUMBER 


PART MARKING 
PART ORDER NUMBER' 
PINS 
PIN POSITION 
MATERIAL 
CODE 
RANGE (0C) 


PCI' 82C200P 
PCA82C200PN 
28 
DIL 
plastic 
SOT117 
-40 to +125 


PCI' 82C200T 
PCA82C200TD 
28 
S028 
plastic 
SOT136A 
-40 to +125 


PCF82C200P 
PCF82C200PN 
28 
DIL 
plastic 
SOT117 
-40 to +85 


PCF82C200T 
PCF82C200TD 
28 
S028 
plastic 
SOT136A 
-40 to +85 


NOTE: 
1. Parts ordered by the Philips North America part number will be marked with the Philips part marking. 


4 PINIIING 


AD6 
ADS 


AD4 


AD3 


AD2 


ADl 


ADO 


VDDl 


VSS1 
VSS2 


RX' 


XTAl2 
RXO 


MODE 
VOD2 


VDD3 
RST 


TXO 
iN'f 


TX' 
VSS3 


SYMBOL 
PIN 
DESCRIPTION 


AD7-ADO 
2,1,28-23 
Multiplexed addr~ss/data bus. 
- 


ALE 
3 
ALE signal (Intel mode) or AS input signal (Motorola mode). 


CS 
4 
Chip select input, LOW level allows access to the PCX82C200. 


RD 
5 
RD signal (Intel mode) or E enable signal (Motorola mode) from the microcontroller. 


WR 
6 
WR signal (Intel mode) or RDIWR signal (Motorola mode) from the microcontroller. 


CLKOUT 
7 
Clock output signal produced by the PCX82C200 for the microcontroller. The clock 
signal is derived from the built-in oscillator, via the programmable divider (see 
section 6.5). This output is capable of driving one CMOS or NMOS load. 


VSSI 
8 
Ground potential for the iogic circuits. 


XTAl1 
9 
Input to the oscillator's amplifier. External oscillator signal is input via this pin. 
(note 1) 


XTAL2 
10 
Output from the oscillator's amplifier. Output must be left open when an external 


(note 1) 
oscillator signal is used. 


MODE 
11 
Mode select input: connected to VDD selects Intel mode; connected to Vss seiects 
Motorola mode. 


VOO3 
12 
5 V power supply for the output driver. 


TXO 
13 
Output from the output-driver 
0 to the physical bus-line. 


TX1 
14 
Output from the output-driver 
1 to the physical bus-line. 


VSS3 
15 
Ground potential for the output driver. 


INT 
16 
Interrupt output, used to interrupt the microcontroller (see section 6.2.4). INT is 
active if the Interrupt Register contains a logic HIGH bit (present). INT is an open 
drain output and is designed to be a wired-OR with other INT outputs within the 
system. A LOW level on this pin will reactivate the iC from the sleep mode (see 
section 6.2.2). 


RST 
17 
Reset input, used to reset the CAN interface (LOW level). Automatic power-ON reset 
can be obtained by connecting RST via a capacitor to Vss and via a resistor to Voo 
(e.g. C ~ 1 J.1F;R ~ 50 kQ). 


Vrxn 
18 
5 V power supply for the input comparator. 


RXQ-RX1 
19,20 
Input from the physical bus-line to the input comparator of the PCX82C200. A 
dominant level will wake-up the PCX82C200. A recessive level is read if RXO is 
higher than RX1 and vice versa for the dominant level. 


VSS2 
21 
Ground potential for the input comparator. 


VODI 
22 
5 V power supply for the logic circuits. 


Note 


1. 
XTAL1 and XTAL2 pins should be connected to Vss via 15 pF capacitors. 


Tho PCX82C200 contains all necessary hardware for a 
hig 1 performance serial network communication (see 
Fig.1). The PCX82C200 controls the communication flow 
through the area network using the CAN-protocol. The 
POX82C200 meets the following automotive 
reeuirements: 


• ! hart message length 
• !uaranteed latency time for urgent messages 


• I,us access priority, determined by the message 


iJentifier 


• ~'owerful error handling capability 


• (onfiguration 
flexibility to allow area network 


.'xpansion. 


Th l latency time defines the period between the initiation 
(Tr lnsmission Request) and the start of the transmission 
on the bus. Latency time is dependent on a variety of 
bun related conditions. In the case of a message being 
tra 1smitted on the bus and one distortion the latency 
time can be up to 149 bit times (worst case). For more 
information see section 7. 


5.1 Interface 
Management 
logic 
(IMl) 


Th 1 iML interprets commands from the microcontroller, 
allocates the message buffers (TBF, RBFOand RBF1) 
and provides interrupts and status information to the 
microcontroller. 


5.2 Transmit 
Buffer (TBF) 


Th 1 TBF is a 10 byte memory into which the 
microcontroller writes messages which are to be 
tra lsmitted over the CAN network. 


5.3 Receive Buffers (RBFO AND RBF1) 


Th'l RBFO and RBF1 are each 10 byte memories which 
are alternatively used to store messages received from 
the CAN network. The CPU can process one message 
wh Ie another is being received. 


5.4 Bit Stream Processor 
(BSP) 


Th'l BSP is a sequencer, controlling the data stream 
belween the Transmit Buffer, the Receive Buffer (parallel 
dala) and the CAN-bus (serial data). 


5.5 Bit Timing 
logic 
(BTl) 


Th" BTL synchronizes the PCX82C200 to the bitstream 
on the CAN-bus. 


5.6 Transceiver 
Control 
logic 
(TCl) 


The TCL controls the ou1put driver. 


5.7 Error Management 
logic 
(EMl) 


The EML performs the error confinement according to 
the CAN-protocol. 


5.8 Controller 
Interface 
logic 
(Cll) 


The CIL is the interface to the extemal microcontroller. 
The PCX82C200 can direclly interface with a variety of 
microcontrollers. 


The PCX82C200 appears to a microcontroller as a 
memory-mapped I/O device due to the on-chip RAM, 
guaranteeing the independent operation of both devices. 


6.1 Address 
allocation 


The address area of the PCX82C200 consists of the 
Control Segment and the message buffers. The Control 
Segment is programmed during an initialization 
download in order to configure communication 
parameters (e.g. bit timing). Communication over the 
CAN-bus is also controlled via this segment by the CPU. 
During initialization the CLOCK OUT signal may be 
programmed to a value determined by the 
microcontroller (see Fig.1). A message which is to be 
transmitted, must be written to the Transmit Buffer. After 
a successful reception the microcontroller may read the 
message from the Receive Buffer and then release it for 
further use. 


6.2 Control Segment layout 


The exchange of status, control and command signals 
between the microcontroller and the PCX82C200 is 
performed in the control segment. The layout of this 
segment is shown in Fig.3. After an initial down-load, the 
contents of the registers Acceptance Code, Acceptance 
Mask, Bus Timing Registers 0 and 1, and Output 
Control should not be changed. These registers may 
only be accessed when the Reset Request bit in the 
Control Register, is set HIGH (see section 6.2.1). 


ADDRESS 


o 


1 
2 
3 


4 
5 


6 


7 
8 
9 


CONTROL 


COMMAND 


STATUS 


INTERRUPT 


ACCEPTANCE 
CODe 


ACCEPTANCE 
MASK 


BUS TIMING 
0 


BUS TIMING 
1 


OUTPUT 
CONTROL 


TEST 


IDENTIFIER, 


RTR BIT. 
DATA 
LENGTH 
CODE 


BYTE 
1 


BYTE 2 


BYTE 3 


BYTE 4 


BYTE 5 


BYTE 
6 


BYTE 
7 


BYTE 8 


IDENTIFIER. 


RTR BIT. 
DATA 
LENGTH 
CODE 


BYTE 
1 


BYTE 2 


BYTE 3 


BYTE 
4 


BYTE 
5 


BYTE 
6 


BYTE 7 


BYTE 
8 


IDENTIFIER. 


RTR 
BIT, 
DATA 
LENGTH 
CODE 


BYTE 
1 


BYTE 2 


BYTE 3 


BYTE 4 


BYTE 
5 


BYTE 6 


BYTE 
7 


BYTE 
8 


TITLE 
ADDR 
7 
6 
5 
4 
3 
2 
1 
0 


Control 
Segment 


Control 
0 
Test 
Sync 
reserved 
Overrun 
Error 
Transmit 
Receive 
Reset 


Register 
Mode 
Interrupt 
Interrupt 
Interrupt 
Interrupt 
Request 
Enable 
Enable 
Enable 
Enable 


Command 
1 
reserved 
reserved 
reserved 
Goto 
Clear 
Release 
Abort 
Trans- 


Register 
Sleep 
Overrun 
Receive 
Trans- 
mission 
Status 
Buffer 
mission 
Request 


Status 
2 
Bus 
Error 
Transmit 
Receive 
Trans- 
Transmit 
Data 
Receive 


Register 
Status 
Status 
Status 
Status 
mission 
Buffer 
Overrun 
Buffer Stat 


Complete 
Access 
Status 


Interrupt 
3 
reserved 
reserved 
reserved 
Wake-Up 
Overrun 
Error 
Transmit 
Receive 


Register 
Interrupt 
Interrupt 
Interrupt 
Interrupt 
Interrupt 


Acceptance 
4 
AC.7 
AC.6 
AC.5 
ACA 
AC.3 
AC.2 
AC.1 
AC.O 
Code 
Register 


Acceptance 
5 
AM.7 
AM.6 
AM.5 
AMA 
AM.3 
AM.2 
AM.1 
AM.O 
Mask 
Register 


Bus Timing 
6 
SJW.1 
SJW.O 
BRP.5 
BRPA 
BRP.3 
BRP.2 
BRP.1 
BRP.O 


Register 0 


Bus Timing 
7 
SAM 
TSEG2.2 
TSEG2.1 
TSEG2.0 
TSEG1.3 
TSEG1.2 
TSEG1.1 
TSEG1.0 


Register 1 


Output 
8 
OCTP1 
OCTN1 
OCPOL1 
OCTPO 
OCTNO 
OCPOLO 
OCMODE1 
OCMODEO 
Control 
Register 


Test 
9 
reserved 
reserved 
Map 
Connect 
Connect 
Access 
Normal 
Float 


Register 
Internal 
RX 
TX 
Internal 
RAM 
Output 
(note 1) 
Register 
Buffer 0 
Buffer 
Bus 
Connect 
Driver 


CPU 
CPU 


Transmit 
Buffer 


Identifier 
10 
10.10 
10.9 
10.8 
10.7 
10.6 
10.5 
IDA 
10.3 


RTR, Data 
11 
10.2 
10.1 
10.0 
RTR 
DLC.3 
DLC.2 
DLC.1 
DLC.O 


Length 
Code 


bytes 1-8 
12-19 
Data 
Data 
Data 
Data 
Data 
Data 
Data 
Data 


Receive Buffer 0/1 


Identifier 
20 
10.10 
10.9 
10.8 
10.7 
10.6 
10.5 
IDA 
10.3 


RTR, Data 
21 
10.2 
10.1 
10.0 
RTR 
DLC.3 
DLC.2 
DLC.1 
DLC.O 


Length 
Code 


bytes 1-8 
22-29 
Data 
Data 
Data 
Data 
Data 
Data 
Data 
Data 


Clock 
31 
reserved 
reserved 
reserved 
reserved 
reserved 
CD.2 
CD.1 
CD.O 
Divider 


Notes 


1. 
The Test Register is used for production testing only. 


2. 
Register 30 is not implemented. 


6.2.1 CONTROLREGISTER(CR) 


The contents of the Control Register are used to change the behaviour of the PCX82C200. Control bits may be set or 
reset by the attached microcontroller which uses the Control Register as a read/write memory. 


CR 
ADDRESS 0 


BIT 
SYMBOL 
NAME 
VALUE 
FUNCTION 


CR.7 
TM 
Test Mode 
HIGH (enabled) 
PCX82C200 enters Test Mode (normal operation 


(note 1) 
impossibie). 


LOW (disabled) 
Normal operating mode. 


CR.6 
S 
Sync 
HIGH (2 edges) 
Bus-line transitions from recessive-to-dominant 
and vice 
(note 2) 
versa are used for resynchronization (see sections 7.2 
and 8). 


LOW (1 edge) 
Only transitions from recessive-to-dominant are used for 
resynchronization. 


CR.5 
- 
- 
- 
Reserved. 


CRA 
OlE 
Overrun 
HIGH (enabled) 
If the Data Overrun bit is set (see section 6.2.3), the 
Interrupt Enable 
microcontroller receives an Overrun Interrupt signal. 


LOW (disabled) 
Microcontroller receives no Overrun Interrupt signal from 
the PCX82C200. 


CR.3 
EIE 
Error Interrupt 
HIGH (enabled) 
If the Error or Bus Status change (see section 6.2.3), the 
Enable 
microcontroller receives an Error Interrupt signal. 


LOW (disabled) 
Microcontroller receives no Error Interrupt signal. 


CR.2 
TIE 
Transmit 
HIGH (enabled) 
When a message has been successfully transmitted or 
Interrupt Enable 
the transmit buffer is accessible again, (e.g. after an Abort 
Transmission command) the PCX82C200 transmits a 
Transmit Interrupt signal to the microcontroller. 


LOW (disabled) 
No transmission of the Transmit Interrupt signal by the 
PCX82C200 to the microcontroller. 


CR.1 
RIE 
Receive 
HIGH (enabled) 
When a message has been received without errors, the 
Interrupt Enable 
PCX82C200 transmits a Receive Interrupt signai to the 
microcontroller. 


LOW (disabled) 
No transmission of the Receive Interrupt signal by the 
PCX82C200 to the microcontroller. 
CR.O 
RR 
Reset Request 
HIGH (present) 
Detection of a Reset Request results in the PCX82C200 


(note 3) 
aborting the current transmission or reception of a 
message and entering the reset state. 


LOW (absent) 
On the HIGH-to-LOW transition of the Reset Request bit, 
the PCX82C200 returns to its normal operating state. 


Notes 


1. 
The Test Mode is intended for factory testing and not for customer use. 


2. 
The Sync bit should only be modified if the Reset Request bit is set HIGH (present), othelWise it is ignored. It is 
possible to set the Sync bit whiie the Reset Request bit is changed from HIGH to LOW. 


3. 
During an external reset (RST = LOW) or when the Bus Status bit is set HIGH (Bus-Off), the IML forces the Reset 
Request HIGH (present). During an external reset the microcontroller cannot set the Reset Request bit LOW 
(absent). Therefore, after having set the Reset Request bit LOW (absent), the microcontroller must check this bit 
to ensure that the external reset pin is not being held HIGH (present). After the Reset Request bit is set LOW 
(absent) the PCX82C200 will wait for: 
- one occurrence of the Bus-Free signal (11 recessive bits, see section 8.9.6), if the preceding reset (Reset 
Request = HIGH) was due to an external reset or a microcontroller initiated reset 
- 128 occurrences of Bus-Free, if the preceding reset (Reset Request = HIGH) was due to a PCX82C200 
initiated Bus-Off, before re-entering the Bus-On mode (see section 8.9). 
When Reset Request is set HIGH (present), for whatever reason, the control, command, status and interrupt bits 
are affected, see Table 3. When Reset Request is set HIGH (present) the registers at addresses 4 to 8 are 
accessible but the TBF is not. 


TYPE 
BIT 
FUNCTION 
EFFECT 


Control 
CR.7 
Test Mode 
LOW 
(disabled) 


Command 
CMR.4 
Goto Sleep 
LOW 
(wake-up) 


CMR.3 
Clear Overrun Status 
HIGH 
(clear) 


CMR.2 
Release Receive Buffer 
HIGH 
(released) 


CMR.1 
Abort Transmission 
LOW 
(absent) 


CMR.O 
Transmission Request 
LOW 
(absent) 


Status 
SR.7 
Bus Status 
LOW 
(Bus-On) (note 1) 


SR.6 
Error Status 
LOW 
(no error) (note 1) 


SR.5 
Transmit Status 
LOW 
(idle) 


SR.4 
Receive Status 
LOW 
(idle) 


SR.3 
Transmission Complete Status 
HIGH 
(complete) 


SR.2 
Transmit Buffer Access 
HIGH 
(released) 
SR.1 
Data Ove rrun 
LOW 
(absent) 
SR.O 
Receive Buffer Status 
LOW 
(empty) 
, 


Interrupt 
IR.3 
Overrun Interrupt 
LOW 
(reset) 


IR.1 
Transmit Interrupt 
LOW 
(reset) 


IR.O 
Receive Interrupt 
LOW 
(reset) 


Note 


1. 
Only after an extemal reset; see note 1 to Table 5 'Description of the Status Register bits'. 


6.2.2 COMMANDREGISTER(CMR) 


A command bit initiates an action within the transfer layer of the PCX82C200. The Command Register appears to the 
microcontroller as a write only memory. If a read aocess is performed to this address the byte 11111111(binary) is 
returned. 


CMR 
ADDRESS 1 


BIT 
SYMBOL 
NAME 
VALUE 
FUNCTION 


CMR.7 
- 
- 
- 
Reserved. 


CMR.6 
- 
- 
- 
Reserved. 


, 


CMR.5 
- 
- 
- 
Reserved. 


CMR.4 
GTS 
GoTo Sleep 
HIGH (sleep) 
The PCX82C200 enters sleep mode, if the INT = HIGH 
(note 1) 
(no interrupt signal from the PCX82C200 to the 
microcontroller pending or external source pending) 
and there is no bus activity. 


LOW (wake up) 
The PCX82C200 functions normally. 


CMR.3 
COS 
Clear Overrun 
HIGH (clear) 
The Data Overrun status bit is set to LOW (see section 
Status 
6.2.3). 
(note 2) 
LOW (no action) 
No action. 


CMR.2 
RRB 
Release Receive 
HIGH (released) 
The receive buffer attached to the microcontroller is 
Buffer 
released. 


(note 3) 
LOW (no action) 
No action. 


CMR.1 
AT 
Abort 
HIGH (present) 
If not already in progress, a pending Transmission 
Transmission 
Request is cancelled. 
(note 4) 
LOW (absent) 
No action. 


CMR.O TR 
transmission 
HIGH (present) 
A message shall be transmitted. 
Request 
LOW (absent) 
No action. 
(note 5) 


Notes 


1. 
The PCX82C200 will enter sleep mode, if Goto Sleep is set HIGH (sleep), there is no bus activity and INT = HIGH 
(inactive). After sleep mode is set, the CLK OUT signal continues until at least 15 bit times have passed. The 
PCX82C200 will wake up when one of the three previously mentioned conditions is negated: after Goto Sleep is 
set LOW (wake up), there is bus activity or INT is driven LOW (active). On wake up, the oscillator is started and a 
Wake-Up Interrupt (see section 6.2.4) is generated. A PCX82C200 which is sleeping and then awakened by bus 
activity will not be able to receive this message until it detects a Bus-Free signal (see section 8.9.6). 


2. 
This command bit is used to acknowledge the Data Overrun condition signalled by the Data Overrun status bit. It 
may be given or set at the same time as a Release Receive Buffer command bit. 


3. 
After reading the contents of the Receive Buffer (RBFO or RBF1) the microcontroller must release this buffer by 
setting the Release Receive Buffer bit HIGH (released). This may result in another message becoming 
immediately available. 


4. 
The Abort Transmission bit is used when the microcontroller requires the suspension of the previously requested 
transmission, for example to transmit an urgent message. A transmission already in progress is not stopped. In 
order to determine if the original message had been transmitted successfully, or aborted, the Transmission 
Complete status bit should be checked after the Transmit Buffer Access bit has been set HIGH (released) or a 
Transmit Interrupt has been generated (see section 6.2.4). 


5. 
If the Transmission Request bit was set HIGH in a previous command, it cannot be cancelled by setting the 
Transmission Request bit LOW (absent). Cancellation of the requested transmission may be performed by setting 
the Abort Transmission bit HIGH (present). 


6.2.3 STATUSREGISTER(SR) 


The contents of the Status Register reflect the status of the PCX82C200 bus controller. The Status Register appears 
to the microcontroller as a read only memory. 


Table 5 Description of the Status Register bits 


SR 
ADDRESS 2 


BIT 
SYMBOL 
NAME 
VALUE 
FUNCTION 


SR.? 
BS 
Bus Status 
HIGH (Bus-Off) 
The PCX82C200 is not involved in bus activities. 
(note 1) 
LOW (Bus-On) 
The PCX82C200 is involved in bus activities. 


SR.6 
ES 
Error Status 
HIGH (error) 
At least one of the Error Counters (see section 8.10.3) 
has reached the microcontroller Warning Limit. 


LOW (ok) 
Both Error Counters have not reached the Warning 
Limit. 


SR.5 
TS 
Transmit Status 
HIGH (transmit) 
The PCX82C200 is transmitting a message. 


(note 2) 
LOW (idle) 
No message is transmitted. 


SR.4 
RS 
Receive Status 
HiGH (receive) 
The PCX82C200 is receiving a message. 


(note 2) 
LOW (idie) 
No message is received. 


SR.3 
TCS 
Transmission 
HIGH (complete) 
Last requested transmission has been successfully 


Complete Status 
completed. 
(note 3) 
LOW 
Previously requested transmission is not yet completed. 


(incomplete) 
SR.2 
TBS 
Transmit Buffer 
HIGH (released) 
The microcontroller may write a message into the TBF. 


Access 
LOW (locked) 
The microcontroller cannot access the Transmit Buffer. 


(note 3) 
A message is either waiting for transmission or is in the 
process of being transmitted. 


SR.1 
DO 
Data Overrun 
HIGH (overrun) 
This bit is set HiGH (Overrun), when both Receive 


(note 4) 
Buffers are full and the first byte of another message 
should be stored. 


LOW (absent) 
No data overrun has occurred since the Clear Overrun 
command was given. 


SR.O 
RBS 
Receive Buffer 
HIGH (full) 
This bit is set when a new message is available. 


Status 
LOW (empty) 
No message has become available since the iast 


(note 5) 
Release Receive Buffer command bit was set. 


Notes 


1. 
When the Bus Status bit is set HIGH (Bus-Off), the PCX82C200 will set the Reset Request bit HiGH (present). It 
will stay in this state until the microcontroiler sets the Reset Request bit LOW (absent). Once this is completed the 
PCX82C200 will wait the minimum protocol-defined time (128 occurrences of the Bus-Free signal) before setting 
the Bus Status bit LOW (Bus-On), the Error Status bit LOW (ok) and resetting the Error Counters. 


2. 
If both the Receive Status and Transmit Status bits are LOW (idle) the CAN-bus is idle. 


3. 
If the microcontroller tries to write to the Transmit Buffer when the Transmit Buffer Access bit is LOW (locked), the 
written bytes will not be accepted and will be lost without this being signalled. The Transmission Complete Status 
bit is set LOW (incompiete) whenever the Transmission Request bit is set HiGH (present). If an Abert 
Transmission command is issued, the Transmit Buffer will be released. If the message, which was requested and 
then aborted, was not transmitted, the Transmission Complete Status bit will remain LOW. 


4. 
If Data Overrun = HIGH (Overrun) is detected, the currently received message is dropped. A transmitted 
message, granted acceptance, is also stored in a Receive Buffer. This occurs because it is not known if the 
PCX82C200 will lose arbitration and so become a receiver of the message. If no Receive Buffer is available, Data 
Overrun is signalled. 


5. 
If the command bit Release Receive Buffer is set HIGH (released) by the microcontroller, the Receive Buffer 
Status bit is set LOW (empty) by IML. When a new message is stored in any of the receive buffers, the Receive 
Buffer Status bit is set HIGH (full) again. 


6.2.4 INTERRUPT 
REGISTER(IR) 


The Interrupt Register allows the identification of an interrupt source. When one or more bits of this register are set, 
the INT pin is activated. All bits are reset by the PCX82C200 after this register is read by the microcontroller. This 
register appears to the microcontroller as a read only memory. 


IR 
ADDRESS 3 


BIT 
SYMBOL 
NAME 
VALUE 
FUNCTION 


IR.7 
- 
- 
- 
Reserved. 


1R.6 
- 
- 
- 
Reserved. 


IR.5 
- 
- 
- 
Reserved. 


IR.4 
WUI 
Wake-Up 
HIGH (set) 
The Wake-Up Interrupt bit is set HIGH, when the sleep 


Interrupt 
mode is left (see section 6.2.2). 


LOW (reset) 
Wake-Up Interrupt bit is reset by a read access of 
Interrupt Register by the mlcrocontroller. 


IR.3 
01 
Overrun Interrupt 
HIGH (set) 
This bit is set HIGH, if both Receive Buffers contain a 
(note 1) 
message and the first byte of another message should 
be stored (passed acceptance), and the Overrun 
Interrupt Enable is HIGH (enabled). 


LOW (reset) 
Overrun Interrupt bit is reset by a read access of 
Interrupt Register by the microcontroller. 


IR.2 
EI 
Error Interrupt 
HIGH (set) 
This bit is set on a change of either the Error Status or 
Bus Status bits (see section 6.2.3) if the Error Interrupt 
Enable is HIGH (enabled). 


LOW (reset) 
The Error Interrupt bit is reset by a read access of the 
Interrupt Register by the microcontroller. 


IR.1 
TI 
Transmit Interrupt 
HIGH (set) 
This bit is set on a change of the Transmit Buffer 
Access bit from LOW to HIGH (released) and Transmit 
Interrupt Enable is HIGH (enabled). 


LOW (reset) 
Transmit Interrupt bit will be reset after a read access 
of the Interrupt Register by the microcontroller. 


fR.O 
RI 
Receive Interrupt 
HIGH (set) 
This bit is set when a new message is available in the 
(note 2) 
Receive Buffer and the Receive Interrupt Enable bit is 
HIGH (enabled). 


LOW (reset) 
Receive Interrupt bit is automatically reset by a read 
access of Interrupt Register by the microcontroller. 


Notes 


1. 
Overrun Interrupt bit (if enabled) and Data Overrun bit (see section 6.2.3) are set at the same time. 


2. 
Receive Interrupt bit (if enabled) and Receive Buffer Status bit (see section 6.2.3) are set at the same time. 


f ,.2.5 ACCEPTANCE 
CODEREGISTER(ACR) 


-he Acceptance Code Register is part of the acceptance filter of the PCX82C200. This register can be accessed 
(readlwrite), if the Reset Request bit is set HIGH (present). When a message is received which passes the 
llcceptance test and if there is an empty Receive Buffer, then the respective Descriptor and Data Field (see Figo4)are 
!,equentially stored in this empty buffer. In the case that there is no empty Receive Buffer, the Data Overrun bit is set 
HIGH (overrun), see sections 6.2.3 and 6.204. When the complete message has been correctly received the following 
(Iccurs: 


, the Receive Buffer Status bit is set HIGH (full) 


" if the Receive Interrupt Enable bit is set HIGH (enabled), the Receive Interrupt is set HIGH (set). 


"he Acceptance Code bits (AC.7-AC.0) and the eight most significant bits of the message's Identifier (ID.10-ID.3) must 
I>eequal to those bit positions which are marked relevant by the Acceptance Mask bits (AM.7-AM.0). if the following 
"quation 
is satisfied, acceptance is given: 


[( 10.10 .. 10.3) = (AG.7 .. AC.O) 1 or (AM.7 .. AM.O) = 1111 1111 binary 


)uring transmission of a message which passes the acceptance test, the message is also written to its own Receive 
3uffer. If no Receiver Buffer is available, Data Overrun is signalled because it is not known at the start of a message 
Nhether the PCX82C200 will lose arbitration and so become a receiver of the message. 


fable 7 Acceptance Code Register bits 


ACR 


7 


AC.7 


6 


AC.6 
o 


AC.O 


6.2.6 ACCEPTANCE 
MASKREGISTER(AMR) 


The Acceptance Mask Register is part of the acceptance filter of the PCX82C200. This register can be accessed 
(readlwrite) if the Reset Request bit is set HIGH (present). The Acceptance Mask Register qualifies which of the 
corresponding bits of the acceptance code are "relevant" or "don't care" for acceptance filtering. 


AMR 
ADDRESS 5 


7 
6 
I 
5 
I 
4 
[ 
3 
T 
2 
I 
1 
I 
0 


AM.7 
AM.6 
I 
AM.5 
I 
AMo4 
I 
AM.3 
I 
AM.2 
I 
AM.1 
I 
AM.O 


ACCEPTANCE MASK BIT 
VALUE 
COMMENTS 


AM.7to AM.O 
HIGH (don't care) 
This bit position is "don't care" for the acceptance of a message. 


LOW (relevant) 
This bit position is "relevant" for acceptance filtering. 


6.2.7 Bus TIMINGREGISTER0 (BTRO) 


The contents of Bus TIming Register 0 defines the values of Baud Rate Prescaler (BRP) and the Synchronization 
Jump Width (SJW). This register can be accessed (read/write) if the Reset Request bit is set HIGH (present). 


Table 10 Bus TIming Register 0 bits 


BTRO 


7 


SJW.1 


6 


SJW.O 
o 


BRP.O 


Baud Rate Presca/er (BRP) 


The period of the system clock tSCL is programmabie and determines the individual bit timing. The system clock is 
calculated using the following equation: 


Synchronization Jump Width (SJW) 


To compensate for phase shifts between clock oscillators of different bus controllers, any bus controller must 
resynchronize on any relevant signal edge of the current transmission. The synchronization jump width defines the 
maximum number of clock cycles a bit period may be shortened or lengthened by one resynchronization: 


ls.m =!seL (2SJW.1 + SJW.O + 1) 


For further information on bus timing see sections 6.2.8 and 7. 


6.2.8 Bus TIMINGREGISTER1 (BTR1) 


The contents of Bus TIming Register 
1 defines the length of the bit period, the location of the sample point and the 
number of samples to be taken at each sample point. This register may be accessed (read/write) If the Reset Request 
bit is set HIGH (present). 


Table 11 Bus TIming Register 
1 bits 


BTR1 


7 


SAM 


6 


TSEG2.2 
o 
TSEG1.0 


BIT 
VALUE 
COMMENTS 


SAM 
HIGH (3 samples) 
Three samples are taken. 


LOW (1 sample) 
The bus is sampled once. 


SAM = LOW (logic 0) is recommended for high speed buses (SAE class C), while SAM = HIGH (logic 1) is 
recommended for slow/medium speed buses (class A and B) where filtering of spikes on the bus-line is beneficial (see 
section 7.1.6). 


Time Segment 1 (TSEG 1) and Time Segment 2 (TSEG2) 


TSEG 1 and TSEG2 detennine the number of clock cycles per bit period and the location of the sample point: 


tTSEG' 
; tSeL (4TSEG2.2 + 2TSEG2.1 + TSEG2.0 + 1) 


For further information on bus timing see sections 6.2.7 and 7. 


6.2.9 OUTPUTCONTROLREGISTER(OCR) 


The Output Control Register allows, under software control, the set-up of different output driver configurations. This 
register may be accessed (readlwrite) if the Reset Request bit is set HiGH (present). 


Table 13 Output Control Register bits 


OCR 


7 


OCTP1 


6 


OCTN1 


o 


OCMODEO 


If the PCX82C200 is in the sleep mode (Goto Sleep; 
HiGH) a recessive level is output on the TXO and TX1 pins. If 
the PCX82C200 is in the reset state (Reset Request; 
HIGH) the output drivers are floating. 


Normal Output Mode 


In Normal Output Mode the bit sequence (TXD) is sent via TXO and TX1. The voltage levels on the output driver pins 
TX1 and TXO depend on both the driver characteristic programmed by OCTPx, OCTNx (float, pull-up, pull-down, 
push-pull) and the output polarity programmed by OCPOlx 
(see Fig.4). 


QCPOLO 


OCPOL1 
QCMOOEO 


OCMODE1 


TXD 


TXCLK 


OUTPUT 
CONTROL 
LOGIC 


VDD 


TPO 


TXO 


TNO 


Vss 


VDD 


TPl 


TXI 


TN' 


Vss 


MLAB32 


Clock Output Mode 


For the TXO pin this is the same as in lliorTTl31Output Mode. However, the data stream to TX1 is replaced by the 
transmit clock (TXCLK). The rising edge of the transmit clock (non inverted) marks the beginning of a bit period. The 
clock pulse width is tSCl' 


Bi-phase Output Mode 


In contrast to Normal Output Mode the bit representation is time variant and toggled. If the bus controllers are 
galvanically decoupled from the bus-line by a transformer, the bit stream is not allowed to contain a DC component. 
This is achieved by the following scheme. During recessive bits all outputs are deactivated (3-state). Dominant bits are 
sent altematingly on TXO and TX1, Le. the first dominant bit is sent on TXO, the second is sent on TX1, and the third 
one is sent on TXO again, etc. 


Test Output Mode 


For the TXO pin this is the same as in Normal Output Mode. To measure the deiay time of the transmitter and receiver 
this mode connects the output of the input comparator (CaMP OUT) with the input of the output driver TX1. This mode 
is used for production testing only. 


The following two tables, Table 14 and Table 15, show the reiationship between the bits of the Output Control Register 
and the two serial output pins TXO and TX1 of the PCX82C200, connected to the serial bus (see Fig.1). 


OCMODE1 
OCMODEO 
DESCRIPTION 


1 
0 
Normal Output Mode; TXO, TX1: bit sequence (TXD; note 1). 


1 
1 
Clock Output Mode; TXO: bit sequence, TX1: bus clock (TXCLK). 


0 
0 
Bi-phase Output Mode. 


0 
1 
Test Output Mode; TXO: bit sequence, TX1: CaMP OUT. 


Note 


1. 
TXD Is the data bit to be transmitted. 


DRIVE 
OCTPx 
OCTNx 
OCPOLx 
TXD 
TPx 
TNx 
TXx 
(note 1) 
(note 2) 
(note 3) 


Float 
0 
0 
0 
0 
OFF 
OFF 
float 


0 
0 
0 
1 
OFF 
OFF 
float 


0 
0 
1 
0 
OFF 
OFF 
float 


0 
0 
1 
1 
OFF 
OFF 
float 


Pull-down 
0 
1 
0 
0 
OFF 
ON 
LOW 


0 
1 
0 
1 
OFF 
OFF 
float 


0 
1 
1 
0 
OFF 
OFF 
float 


0 
1 
1 
1 
OFF 
ON 
LOW 


Pull-up 
1 
0 
0 
0 
OFF 
OFF 
float 


1 
0 
0 
1 
ON 
OFF 
HIGH 


1 
0 
1 
0 
ON 
OFF 
HIGH 


1 
0 
1 
1 
OFF 
OFF 
float 


Push/Pull 
1 
1 
0 
0 
OFF 
ON 
LOW 


1 
1 
0 
1 
ON 
OFF 
HIGH 


1 
1 
1 
. 
0 
ON 
OFF 
HIGH 


1 
1 
1 
1 
OFF 
ON 
LOW 


Notes 


1. 
TPx is the on-chip output transistor x, connected to VDO; x ; 
0 or 1. 


2. 
TNx is the on-chip output transistor x, connected to V05; x ; 
0 or 1. 


3. 
TXx is the serial output level on pin TXO or TX1. It is required that the output level on the CAN-bus is dominant 
with TXD; 
0 and recessive with TXD ; 1 (see section 8.1.1). 


6.2.10 TESTREGISTER(TR) 


The Test Register is used for production testing only. 


6.3 Transmit 
Buffer 
layout 


The global layout of the Transmit Buffer is shown in Fig.3. This buffer serves to store a message from the 
microcontroller to be transmitted by the PCX82C200. It is subdivided into Descriptor and Data Field. The Transmit 
Buffer can be written to and read from by the microcontroller (see note 3to Table 2). 


6.3.1 DESCRIPTOR 


Table 16 Descriptor Byte 1 (DSCR 1) 


DSCR1 


7 


10.10 


Table 17 Descriptor Byte 2 (DSCR2) 


DSCR2 
7 
6 


10.2 
10.1 
o 


DLC.O 


Identilier (10) 


The Identifier consists of 11 bits (10.10 to 10.0). 10.10 is the most significant bit, which is transmitted first on the bus 
during the arbitration process. The Identifier acts as the message's name, used in a receiver for acceptance filtering 
and also determines the bus access priority during the arbitration process. The lower the binary value of the Identifier 
the higher the priority. This is due to the larger number of leading dominant bits during arbitration (see section 8.7 'Bus 
organization'). 


Remote Transmission Request bit (RTR) 


BIT 
VALUE 
COMMENTS 


RTR 
HIGH (remote) 
Remote Frame will be transmitted by the PCX82C200. 


LOW (data) 
Data Frame will be transmitted by the PCX82C200. 


Data Length Code (DLC) 


The number of bytes (Data Byte Count) in the Data Field of a message is coded by the Data Length Code. At the start 
of a Remote Frame transmission the Data Length Code is not considered due to the RTR bit being HIGH (remote). 
This forces the number of transmitted/received data bytes to be O.Nevertheless, the Data Length Code must be 
specified correctly to avoid bus errors, if two CAN-controllers start a Remote Frame transmission simultaneously. 


Data Byte Count = 8DLC.3 + 4DLC.2 + 2DLC.1 + DLC.O 


For reasons of compatibility no Data Byte Counts other than 0 to 8 should be used. 


6.3.2 DATAFIELD 


The number of transferred data bytes is determined by the Data Length Code. The first bit transmitted is the most 
significant bit of data byte 1 at address 
12. 


l.4 Receive Buffer layout 


The layout of the Receive Buffer and the individual bytes correspond to the definitions given for the Transmit Buffer 
ayout, except that the addresses start at 20 instead of 10 (see Fig.3). 


l.5 Clock Divider Register (COR) 


The Clock Divider Register controls the ClK OUT frequency for the microcontroller (see Fig.1). It can be written to or 
read by the micro controller. The default state of the register is divide by 12 for Motorola mode and divide by 2 for Intel 
mode. Values from 0 to 7 may be written into this register and will result in the ClK OUT frequencies shown in Table 
20. 


Table 19 Clock Divider Register bits 


===C=~=R===I====6==== 
====5==== 
:===4====(DDR:SS 
31 
1 


2 


CD.2 


o 


CD.O 


Note 


Bits CDR.7 to CDR.3 are reserved. 


CD.2 
CD.1 
CD.O 
ClK 
OUT FREQUENCY 


0 
0 
0 
feu/2 


0 
0 
1 
feLK/4 


1 
1 
0 
feLK/6 


0 
1 
1 
feLK/a 


1 
0 
0 
feLK/10 


1 
0 
1 
feLK/12 


1 
1 
0 
feu/14 


1 
1 
1 
feLK 


Note 


1. 
feLKis the frequency of the oscillator. 


The Bus TIming Logic (BTL) monitors the serial bus-line 
via the on-chip input comparator and performs the 
following functions (see section 5); 


• monitors the serial bus-line ievel 


• adjusts the sample point, within a bit period 


(programmable) 


• samples the bus-line level using majority logic 
(programmable, 1 or 3 samples) 


• synchronization to the bit stream: 


- hard synchronization at the start of a message 


• resynchronization during transfer of a message. 


The configuration of the BTL is performed during the 
initiaiization of the PCX82C200. The BTL uses the 
following three registers: 


• Control register (Sync) 


• Bus Timing Register 0 


• Bus Timing Register 1. 


7.1 Blttiming 


A bit period is built up from a number of system clock 
cycles (tseLl,see section 6.2.7. One bit period is the 
result of the addition of the programmable segments 
TSEG1 and TSEG2 and the general segment SYNCSEG 
(see sections 6.2.7 to 6.2.8). 


7.1.1 SYNCHRONIZATION 
SEGMENT(SYNCSEG) 


The incoming edge of a bit is expected during this state; 
this state corresponds to one system ciock cycle (1 x 
!sell· 


7.1.2 TIMESEGMENT1 (TSEG1) 


This segment determines the location of the sampling 
point within a bit period, which is at the end of TSEG1. 
TSEG 1 is programmable from 1 to 16 system clock 
cycles (see section 6.2.8). 


The correct location of the sample point is essential for 
the correct functioning of a transmission. The following 
points must be taken into consideration: 


• a Start-Of-Frame (see section 8.2.1) causes all 
PCX82C200's to perform a 'hard synchronization' 
(see section 7.2.1) on the first recessive-to-dominant 
edge. During arbitration, however, severai 
PCX82C200's may simultaneously transmit. 
Therefore it may require twice the sum of bus-line, 
input comparator and the output driver delay times 
until the bus is stable. This is the propagation delay 
time. 


• to avoid sampling at an incorrect position, it is 


necessary to include an additional synchronization 
buffer on both sides of the sample point. The main 
reasons for incorrect sampling are: 


incorrect synchronization due to spikes on the 
bus· line 


slight variations in the oscillator frequency of each 
PCX82C200 in the network, which results in a 
phase error. 


TIme Segment 1 consists of the segment for 
compensation of propagation delays and the 
synchronization buffer directly before the sample point 
(see Fig.5). 


7.1.3 TIMESEGMENT2 (TSEG2) 


This time segment provides: 


• additional time at the sample point fer calculation of 


the subsequent bit levels (e.g. arbitration) 


• synchronization buffer segment directly after the 


sample point (see section 7.1.2). 


TSEG2 is programmable from 1 to 8 system clock cycles 
(see section 6.2.8). 


7.1.4 
SYNCHRONIZATIONJUMP WIDTH (SJW) 


SJW 
defines 
the 
maximum 
number 
of clock 
cycles 
(lscJ 


a bit period 
may 
be reduced 
or increased 
by one 


resynchronization. 
SJW 
is programmable 
from 
1 to 4 


system 
clock 
cycles 
(see 
section 
6.2.7). 


The 
propagation 
delay 
time 
(t""",) 
is calculated 
by 
summing 
the 
maximum 
propagation 
delay 
times 
of the 


physical 
bus, 
the input 
comparator 
and 
the output 
driver. 


The 
resulting 
sum 
is multiplied 
by 2 and 
then 
rounded 
up 


to the nearest 
multiple 
of tsel. 


t" ••• = 2 x (physical 
bus delay 
+ input 
comparator 
delay 
+ 


output 
driver 
delay) 


7.1.6 
BIT TIMING RESTRICTIONS 


Restrictions 
on the configuration 
of the 
bit timing 
are 


based 
on internal 
processing. 
The 
restrictions 
are: 


• 
tTSEG22: 2lscl 


• tTSEG2 
2: 
tSJW 


• 
tTSEGl 
2: tTSEG2 


• 
tTSEG'2: IsJw + t" ••• 


The 
three 
sample 
mode 
(SAM = 1) has the effect 
of 


introducing 
a delay 
of one 
system 
clock 
cycle 
on the 


bus-line. 
This 
must 
be taken 
into account 
for the correct 


calculation 
of TSEG1 
and TSEG2: 


• 
tTSEG'2: IsJw + t" ••• + 2tsel 


• 
tTSEG2 2: 3tsCl 


7.2 Synchronization 


Synchronization 
Is performed 
by a state 
machine 
which 


compares 
the incoming 
edge 
with 
its actual 
bit timing 


and 
adapts 
the bit timing 
by hard 
synchronization 
or 


resynchronization. 


7.2.1 
HARD SYNCHRONIZATION 


This 
type 
of synchronization 
occurs 
only 
at the 
beginning 


of a message. 
The 
PCX82C200 
synchronizes 
on the first 


incoming 
recessive-to-dominant 
edge 
of a message 


(being 
the leading 
edge 
of a message's 
Start-Of-Frame 


bit; see section 
7.1). 


7.2.2 
RESYNCHRONIZATION 


Resynchronization 
occurs 
during 
the transmission 
of a 


message's 
bit stream 
to compensate 
for: 


• 
variations 
in individual 
PCX82C200 
oscillator 


frequencies 


• 
changes 
introduced 
by switching 
from 
one transmitter 


to another 
(e.g. 
during 
arbitration). 


As a result 
of resynchronization 
either 
tTSEG' may 
be 


increased 
by up to a maximum 
of tSJWor tTSEG2may 
be 


decreased 
by up to a maximum 
of tSJW: 


• 
tTSEG's; tSCl ((TSEG1 
+ 
1) + 
(SJW + 1)) 


• 
tTSEG22: tSCl (TSEG2 
+ 
1) 
- 
(SJW 
+ 1)) 


Note: 
TSEG 
1, TSEG2 
and SJW 
are the programmed 


numerical 
values. 


The 
phase 
error 
(e) of an edge 
is given 
by the position 
of 


the edge 
relative 
to SYNCSEG, 
measured 
in system 


clock 
cycles 
(lscJ. 
The 
value 
of the phase 
error 
is 


defined 
as: 


• 
e = 0, if the edge 
occurs 
within 
SYNCSEG 


• 
e > 0, if the edge 
occurs 
within 
TSEG1 


• 
e < 0, if the edge 
occurs 
within 
TSEG2. 


The 
effect 
of resynchronization 
is: 


• 
the same 
as that 
of a hard 
synchronization, 
if the 


magnitude 
of the phase 
error 
(e) is less or equal 
to 


the programmed 
value 
of tSJW(see 
section 
6.2.7) 


• 
to increase 
a bit period 
by the amount 
of tSJW,if the 


phase 
error 
is positive 
and the magnitude 
of the 
phase 
error 
is larger 
than 
IsJw 


• 
to decrease 
a bit period 
by the amount 
of tSJw, if the 


phase 
error 
is negative 
and 
the magnitude 
of the 


phase 
error 
is larger 
than 
1sJw. 


7.2.3 
SYNCHRONIZATIONRULES 


The 
synchronization 
rules 
are as follows: 


• 
only 
one 
synchronization 
within 
one 
bit time 
is used 


• 
an edge 
is used 
for synchronization 
only 
if the value 


detected 
at the previous 
sample 
point 
differs 
from 
the 


bus value 
immediately 
after 
the edge 


• 
hard 
synchronization 
is performed 
whenever 
there 
is 


a recessive-te-dominant 
edge 
during 
Bus-Idle 
(see 


section 
7) 


• all other edges (recessive·to-dominant 
and optionally 
dominant-to-recessive 
edges if the Sync bit is set 
HIGH; see section 6.2.1) which are candidates for 
resynchronization will be used with the following 
exception: 


a transmitting PCX82C200 will not perform a 
resynchronization as a result cf a 
recessive-to-dominant 
edge with positive phase 
error, if only these edges are used for 
resynchronization. This ensures that the delay 
times of the outpu1 driver and inpu1comparator do 
not cause a permanent increase in the bit time. 


8 COMMUNICATION PROTOCOL 


8.1 Frame types 


The PCX82C200 bus controller supports the four 
different CAN-protocol frame types for communication: 


• Data Frame, to transfer data 


• Remote Frame, request for data 


• Error Frame, globally signal a (locally) detected error 


condition 


• Overfoad Frame, to extend deiay time of subsequent 


frames (an Overload Frame is not initiated by the 
PCX82C200). 


8.1.1 BIT 
REPRESENTATION 


There are two logical bit representations used in the 
CAN-protocol: 


• a recessive bit on the bus-line appears only if all 


connected PCX82C200's send a recessive bit at that 
moment 


• dominant bits always overwrite recessive bits I.e. the 


resulting bit level on the bus-line is dominant. 


A Data Frame carries data from a transmitting 
PCX82C200 to one or more receiving PCX82C200's. A 
Data Frame is composed 01 seven different bit·fields: 


• Start-Of-Frame 


• Arbitration Field 


• Control Field 


• Data Field (may have a length of zero) 


• CRC Field 


• Acknowledge Field 


• End-Ol-Frame. 
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8.2.1 STAAT-OF-FRAMEBIT 


Signals the start of a Data Frame or Remote Frame. It 
consists of a single dominant bit used for hard 
synchronizalion of a PCX82C200 in receive mode. 


8.2.2 ARBITRATION 
FIELD 


Consists of the message Identifier and the RTR bit (see 
section 6.3.1). In the event of simultaneous message 
transmissions by two or more PCX82C200's the bus 
access conflict is solved by bit-wise arbitration, which is 
active during the transmission of the Arbitration Field. 


Identifier 


This 11-bit field is used to provide information about the 
message, as well as the bus access priority. It is 
transmitted in the order 10.10 to 10.0 (LSB). The situation 
that the seven most significant bits (10.10 to iD.4) are ail 
recessive must not occur. 


An Identifier does not define which particular 
PCX82C200 will receive the frame, because a CAN 
based communication network does not discriminate 
between a peint-tD-peint, multicast or broadcast 
communication. 


Remote Transmission Request bit (RTR) 


A PCX82C200, acting as a receiver for certain 
information may initiate the transmission of the 
respective data by transmitting a Remote Frame to the 
network, addressing the data source via the identifier 
and setting the RTR bit HIGH (remote; recessive bus 
level). If the data source simultaneousiy transmits a Data 
Frame containing the requested data, it uses the same 
Idenlifier. No bus access conflict occurs due to the RTR 
bit being set LOW (data; dominant bus level) in the Data 
Frame. 


8.2.3 CONTROLFIELD 


This field consists of six bits. It includes two reserved bits 
(for future expansions of the CAN-protocol), transmitted 
with a dominant bus level, and is followed by the Data 
Length Code (4 bits). The number of bytes in the 
(destuffed; number of data bytes to be 
transmittedfreceived) 
Data Field is indicated by the Data 


Length Code. Admissible values of the Data Length 
Code and hence the number of bytes in the (destuffed) 
Data Field, are 0 to 8. A logic 0 (logic 1) in the Data 
Length Code is transmitted as a dominant (recessive) 
bus level, respectively. 


8.2.4 DATAFIELD 


The data, stored within the Data Field of the Transmit 
Buffer, are transmitted according to the Data Length 
Code. Conversely, data of a received Data Frame wiil be 
stored in the Data Field of a Receive Buffer. Data is 
stored byte-wise both for transmission by the 
microcontroller and on reception by the PCX82C200. 
The most significant bit of the first data byte (lowest 
address) is transmitted/received first. 


8.2.5 CVCllC REDUNDANCY 
CODEFIELD(CRC) 


The CRC Field consists of the CRC Sequence (15 bits) 
and the CRC Delimiter (1 recessive bit). The Cyclic 
Redundancy Code (CRC) encloses the destuffed bit 
stream of the Start-Of-Frame, Arbitration Field, Control 
Field, Data Field and CRC Sequence. The most 
significant bit of the CRC Sequence is 
transmittedfreceived first. This frame check sequence, 
implemented in the PCX82C200, is derived from a cyclic 
redundancy code best suited for frames with a total bit 
count of less than 127 bits, see section 8.8.3 With 
Start-Of-Frame (dominant bit) included in the code word, 
any rotation of the code word can be detected by the 
absence of the CRC Delimiter (recessive bit). 


8.2.6 ACKNOWLEDGE 
FIELD(ACK) 


The Acknowledge Field consists of two bits, the 
Acknowledge Siot and the Acknowledge Delimiter, which 
are transmitted with a recessive level by the transmitter 
of the Data Frame. All PCX82C200's having received the 
matching CRC Sequence, repert this by overwriting the 
transmitter's recessive bit in the Acknowledge Siot with a 
dominant bit (see section 8.9.2). Thereby a transmitter, 
still monitoring the bus level recognizes that at least one 
receiver within the network has received a complete and 
correct message (i.e. no error was found). The 
Acknowledge Delimiter (recessive bill is the second bit of 
the Acknowledge Field. As a result, the Acknowledge 
Slot is surrounded by two recessive bits: the CRC 
Delimiter and the Acknowledge Delimiter. 


All nodes within a CAN network may use ail the 
information coming to the network by the PCX82C200's 
(shared memory concept). Therefore, acknowledgement 
and error handling are defined to provide all information 
in a consistent way throughout this shared memory. 
Hence, there is no reason to discriminate different 
receivers of a message in the acknowledge field. If a 


node is disconnected from the network due to bus 
failure, this particular node is no longer part of the shared 
memory. To identify a 'lost node' additional and 
application specific precautions are required. 


82.7 ENO-oF-FRAME 


E~ch Data Frame or Remote Frame is delimited by the 
End-of-Frame 
bit sequence which consists of seven 


mcessive bits (exceeds the bit stuff width by two bits). 
L sing this method a receiver detects the end of a frame 


ir dependent 
of a previous 
transmission 
error because 
1t,e receiver expects all bits up to the end of the CRC 
s3quence to be coded by the method of bit-stuffing (see 
section 8.7.3). The bit-stuffing logic is deactivated during 
1t,e End·Of-Frame sequence. 


8.3 Remote Frame 


I. PCX82C200, acting as a receiver for certain 
information may initiat.e the transmission of the 
r .spective data by transmitting a Remote Frame to the 
r.etwork, addressing the data source via the Identifier 
< nd setting the RTR bit HIGH (remote; recessive bus 
~lVel). The Remote Frame is similar to the Data Frame 
'lith the following exceptions: 


• RTR bit is set HIGH 


• Data Length Code is ignored 


• no Data Field contained. 


'Jote that the Data Length Code value should be the 
!:ame as for the corresponding Data Frame (although 
this is ignored for a Remote Frame). 
IIRemote Frame is composed of six different bit fields: 


" Start-of-Frame 


" Arbitration Fieid 


" Control Field 


•• CRC-Field 


• Acknowledge Field 


• End-of-Frame. 


3ee section 8.2 for a more detailed explanation of the 
'lemote Frame bit fields. 


3.4 Error Frame 


fhe Error Frame consists of two different fields. The first 
lield is accomplished by the superimposing of Error 
Flags contributed from different PCX82C200s. The 
second field is the Error Delimiter (see Fig.7). 


8.4.1 ERRORFLAG 


There are two forms of an Error Flag: 


• Active Error Flag, consists of six consecutive 


dominant bits 


• Passive Error Flag, consists of six consecutive 


recessive bits unless it is overwritten by dominant bits 
from other PCX82C200's. 


An error-active PCX82C200 (see section 8.9) detecting 
an error condition signals this by transmission of an 
Active Error Flag. This Error Fiag's form violates the 
bit-stuffing law (see section 8.7.3) applied to all fields, 
from Start-of-Frame 
to CRC Delimiter, or destroys the 


fixed form of the fields Acknowledge Field or 
End-of-Frame 
(see Fig.6). Consequently, all other 


PCX82C200's detect an error condition and start 
transmission of an Error Flag. Therefore the sequence of 
dominant bits, which can be monitored on the bus, 
results from a superposition of different Error Flags 
transmitted by individual PCX82C200's. The total iength 
of this sequence varies between six (minimum) and 
twelve (maximum) bits. 


An error-passive PCX82C200 (see section 8.9) detecting 
an error condition tries to signal this by transmission of a 
Passive Error Flag. The error-passive PCX82C200 waits 
for six consecutive bits with identical polarity, beginning 
at the start of the Passive Error Flag. The Passive Error 
Flag is complete when these six identical bits have been 
detected. 


8.4.2 ERRORDELIMITER 


The Error Delimiter consists of eight recessive bits and 
has the same format as the Overload Delimiter. After 
transmission of an Error Flag, each PCX82C200 
monitors the bus-line until it detects a transition from a 
dominant-to-recessive 
bit level. At this point in time, 


every PCX82C200 has finished sending its Error Flag 
and all PCX82C200's start transmission of seven 
recessive bits (plus the recessive bit at 
dominant-to-recessive 
transition, results in a total of eight 
recessive bits). After this event and an Intermission Field 
all error-active PCX82C200's within the network can start 
a transmission simultaneously. 


If a detected error is signalled during transmission of a 
Data Frame or Remote Frame, the current message is 
spoiled and a retransmission of the message is initiated. 
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If a PCX82C200 monitors any deviation of the Error 
Frame, a new Error Frame will be transmitted_ Several 
consecutive Error Frame's may result in the PCX82C200 
becoming error-passive and leaving the network 
unblocked. 


In order to terminate an Error Flag correctly, an 
error-passive CAN-bus controller requires the bus to be 
Bus-Idle (see section 8.6.2) for at least three bit periods 
(if there is a local error at an error-passive receiver). 
Therefore a CAN-bus should not be 100% permanently 
loaded. 


8.5 Overload 
Frame 


The Overload Frame consists of two fields, the Overload 
Flag and the Overload Delimiter. There are two 
conditions in the CAN-protocol which lead to the 
transmission of an Overload Flag: 


• condition 1; receiver circuitry requires more time to 


process the current data before receiving the next 
frame (receiver not ready) 


• condition 2; detection of a dominant bit during 


Intermission Field (see section 8.6.1). 


The transmission of an Overload Frame may only start: 


• condition 1; during the first bit period of an expected 


Intermission Field 


• condition 2; one bit period after detecting the 


dominant bit during Intermission Field. 


The PCX82C200 will never initiate transmission of a 
condition 1 Overload Frame and will only react on a 
transmitted condition 2 Overload Frame, according to the 
CAN-protocol. No more than two Overload Frames are 
generated to delay a Data Frame or a Remote Frame. 
Although the overall form of the Overload Frame 
corresponds to that of the Error Frame, an Overload 
Frame does not initiate or require the retransmission of 
the preceding frame. 


8.5.1 
OVERLOAD 
FLAG 


The Overload Flag consists of six dominant bits and has 
a similar format to the Error Flag. 


The Overload Fiag's form corrupts the fixed form of the 
Intermission Field. All other PCX82C200's detecting the 
overload condition aiso transmit an Overload Flag 
(condition 2). 


8.5.2 
OVERLOAD 
DELIMITER 


The Overload Delimiter consists of eight recessive bits 
and takes the same form as the Error Delimiter. After 
transmission of an Overload Flag, each PCX82C200 
monitors the bus-line until it detects a transition from a 


dominant-to-recessive 
bit ievel. At this point in time, 


every PCX82C200 has finished sending its Overload 
Flag and all PCX82C200's start simultaneously 
transmitting seven more recessive bits. 


8.6 Inter-Frame 
Space 


Data Frames and Remote Frames are separated from 
preceding frames (all types) by an Inter-Frame Space, 
consisting of an Intermission Field and a Bus-Idle. 
Error-passive PCX82C200's also send a Suspend 
Transmission (see section 8.9.5) after transmission of a 
message. Overload Frames and Error Frames are not 
preceded by an Inter-Frame Space. 


8.6.1 INTERMISSION 
FIELD 


The intermission Fieid consists of three recessive bits. 
During an Intermission period, no frame transmissions 
will be started by any PCX82C200. An Intermission is 
required to have a fixed time period to allow a 
CAN-controller to execute internal processes prior to the 
next receive or transmit task. 


8.6.2 Bus-IDLE 


The Bus-Idle time may be of arbitrary length (minimum 0 
bit). The bus is recognized to be free and a 
CAN-controller having information to transmit may 
access the bus. The detection of a dominant bit level 
during Bus-Idle on the bus is interpreted as the 
Start-Of-Frame. 


8.7 Bus organization 


Bus organization is based on five basic rules described 
in the following paragraphs. 


8.7.1 Bus ACCESS 


PCX82C200's only start transmission during the Bus-Idle 
state. All PCX82C200's synchronize on the leading edge 
of the Start-Of-Frame (hard synchronization). 


8.7.2 ARelTRATION 


If two or more PCX82C200's simultaneously start 
transmitting, the bus access conflict Is solved by a 
bit-wise arbitration process during transmission of the 
Arbitration Field. 


During arbitration every transmitting PCX82C200 
compares its transmitted bit levei with the monitored bus 
level. Any PCX82C200 which transmits a recessive bit 
and monitors a dominant bus ievel immediately becomes 


the receiver of the higher priority message on the bus 
without corrupting any information on the bus. Each 
message contains an unique Identifier and a RTR bit 
describing the type of data within the message. 


The Identifier together with the RTR bit implicitly define 
the message's bus access priority. During arbitration the 
most significant bit of the Identifier is transmitted first and 
the RTR bit last. The message with the lowest binary 
vaiue of the Identifier and RTR bit has the highest 
priority. A Data Frame has higher priority than a Remote 
Frame due to its RTR bit having a dominant level. 


For every Data Frame there is an unique transmitter. For 
reasons of compatibility with other CAN-bus controllers, 
use of the Identifier binary bit pattern ID = 1111111XXXX 
(X being bits of arbitrary level) is forbidden. The number 
of available different Identifiers is 2032 (2" - 2"). 


8.7.3 CODING/DECODING 


The following bit fields are coded using the bit-stuffing 
technique: 


• 
Start-Of-Frame 


• 
Arbitration Field 


• 
Control Field 


• 
Data Field 


• 
CRC Sequence. 


When a transmitting PCX82C200 detects five 
consecutive bits of identical polarity to be transmitted, a 
complementary (stuff) bit is inserted into the transmitted 
bit-stream. 


When a receiving PCX82C200 has monitored five 
consecutive bits with identical polarity in the received bit 
streams of the above described bit fields, it automatically 
deletes the nex1received (stuff) bit. The level of the 
deleted stuff bit has to be the complement of the 
previous bits; otherwise a Stuff Error will be detected and 
signalled (see section 8.8.2). 


The remaining bit fields or frames are of fixed form and 
are not coded or decoded by the method of bit-stuffing. 


The bit-stream in a message is coded according to the 
Non-Return-to-Zero (NRZ) method, i.e. during a bit 
period, the bit level is held constant, either recessive or 
dominant. 


8.7.4 ERRORSIGNALUNG 


A PCX82C200 which detects an error condition, 
transmits an Error Flag. Whenever a Bit Error, Stuff 
Error, Form Error or an Acknowledgement Error is 
detected, transmission of an Error Flag is started at the 
next bit. Whenever a CRC Error is detected, 
transmission of an Error Flag starts at the bit following 
the Acknowledge Delimiter, unless an Error Flag for 
another error condition has already started. An Error Flag 
vioiates the bit-stuffing law or corrupts the fixed form bit 
fields. A violation of the bit-stuffing law affects any 
PCX82C200 which detects the error condition. These 
devices will also transmit an Error Flag. 


An error-passive PCX82C200 (see section 8.9) which 
detects an error condition, transmits a Passive Error 
Flag. A Passive Error Flag is not able to interrupt a 
current message at different PCX82C200's, but this type 
of Error Flag may be cancelled by other PCX82C200's. 
After having detected an error condition, an error-passive 
PCX82C200 will wait for six consecutive bits with 
identical pclarity and when monitoring them, interpret 
them as an Error Flag. 


After transmission of an Error Flag, each PCX82C200 
monitors the bus-line until it detects a transition from a 
dominant-to-recessive 
bit level. At this point in time, 


every PCX82C200 has finished transmitting its Error 
Flag and all PCX82C200's start transmitting seven 
additional recessive bits (Error Delimiter, see section 
8.4.2). 


The message format of a Data Frame or Remote Frame 
is defined in such a way, that all detectable errors can be 
signalled within the message transmission time and 
therefore, it is very simple for a PCX82C200 to associate 
an Error Frame to the correspcnding message and to 
initiate retransmission of the corrupted message. 


If a PCX82C200 monitors any deviation of the fixed form 
of an Error Frame, it transmits a new Error Frame. 


Some CAN-controllers (but not the PCX82C200) require 
to deiay the transmission of the next Data Frame or 
Remote Frame by transmitting one or more Overload 
Frames. The transmission of an Overload Frame must 
start during the first bit of an expected Intermission. 
Transmission of Overload Frames which are reactions on 
a dominant bit during an expected Intermission Field, 
start one bit after this event. 


Though the format of Overload Frame and Error Frame 
are identical, they are treated differently. Transmission of 
an Overload Frame during Intermission Field does not 
initiate the retransmission of any previous Data Frame or 
Remote Frame. 


If a CAN-controller which transmitted an Overload Frame 
monitors any deviation of its fixed fonn, it transmits an 
Error Frame. 


The processes described in the following paragraphs are 
implemented in the PCX82C200 for error detection. 


8.8.1 BIT ERROR 


A transmitting PCX82C200 monitors the bus on a 
bit-by-bit basis. if the bit level monitored is different from 
the transmitted one, a Bit Error is signalled. The 
exceptions being: 


• during the Arbitration Field, a recessive bit can be 


overwritten by a dominant bit. in this case, the 
PCX82C200 interprets this as a loss of arbitration 


• during the Acknowledge Slot, only the receiving 
PCX82C200's are able to recognize a Bit Error. 


8.8.2 STUFFERROR 


The following bit fields are coded using the bit-stuffing 
technique: 


• Start-Of-Frame 


• Arbitration Field 


• Control Field 


• Data Field 


• CRC Sequence. 


There are two possible ways of generating a Stuff Error: 


• the disturbance generates more than the allowed five 


consecutive bits with identical polarity. These errors 
are detected by all PCX82C200's 


• a disturbance falsifies one or more of the five bits 
preceding the stuff bit. This error situation is not 
recognized as a Stuff Error by the receivers. 
Therefore, other error detection processes may detect 
this error condition such as: CRC check, format 
violation at the receiving PCX82C200's or Bit Error 
detection by the transmitting PCX82C200. 


8.8.3 CRC ERROR 


To ensure the validity ot a transmitted message all 
receivers perform a CRC check. Theretore, in addition to 
the (destuffed) information digits (Start-Of-Frame up to 
Data Field), every message includes some control digits 
(CRC Sequence; generated by the transmitting 
PCX82C200 of the respective message) used for error 
detection. 


The code used for the PCX82C200 bus controller is a 
(shortened) BCH code, extended by a parity check and 
has the following attributes: 


• 127 bits as maximum length of the code 


• 112 bits as maximum number of information digits 
(maximum 83 bits are used by PCX82C200) 


• length of the CRC Sequence amounts to 15 bits 


• Hamming distance d = 6. 


As a result, (d-1) random errors are detectable (some 
exceptions exist). 


The CRC Sequence is calculated by the following 
procedure: 


1. the destuffed bit stream consisting of Start-Of-Frame 
up to the Data Field (if present) is interpreted as a 
polynomial with coefficients of 0 or 1 


2. this polynomial is divided (moduI0-2) by the following 


generator polynomial: 


fIX) = (X" + X' + X' + X· + X5+ X' + X' + X + 1) (X + 1) 
= 1100010110011001 binary. 


The remainder of this polynomial division is the CRC 
Sequence which includes a parity check. Burst errors are 
detected up to a length of 15 [degree of f(X)J. Multiple 
errors (number of disturbed bits at least d = 6) are not 
detected with a residual error probability of 2.15(= 3 x 
10'5) by CRC check only. 


8.8.4 FORMERROR 


Form Errors result from violation of the fixed form of the 
following bit fields: 


• End-Of-Frame 


• 
Intermission 


• Acknowledge Delimiter 


• CRC Delimiter. 


During the transmission of these bit fields an error 
condition is recognized if a dominant bit level instead of a 
recessive one is detected. 


This is detected by a transmitter whenever it does not 
monitor a dominant bit during the Acknowledge Slol. 


The detection of an error is signalled by transmitting an 
Error Flag. An Active Error Flag causes a Stuff Error, a 
Bit Error or a Form Error at all other PCX82C200's. 


8.8.7 ERROROETECTION 
CAPABIUTIES 


Errors which occur at all PCX82C200's (global errors) 
are 100% detected. For local errors, i.e. for errors 
occurring at some PCX82C200's only, the shortened 
BCH code, extended by a parity check, has the following 
error detection capabilities: 


• up to five single bit errors are 100% detected, even if 


they are distributed randomly within the code 


• all single bit errors are detected if their total number 
(within the code) is odd 


• the residual error probability of the CRC check 


amounts to 3 x 10-5.As an error may be detected not 
only by CRC check but also by other detection 
processes described in sections 8.8.1 to 8.8.5, the 
residual error probability is several magnitudes less 
than 3 x 10-5for undetected errors, 


8.9 Error confinement 
(definitions) 


8.9.1 BUS-OFF 


A PCX82C200 which has too many unsuccessful 
transmissions, relative to the number of successful 
transmissions, will enter the Bus-Off state. It remains in 
this state, neither receiving nor transmitting messages 
until the Reset Request bit is set LOW (absent) and both 
Error Counters are set to '0' (see note 1 to Table 5 and 
section 8.10.3). 


8.9.2 ACKNOWLEDGE 
(ACK) 


A PCX82C200 which has received a valid message 
correctly, indicates this to the transmitter by transmitting 
a dominant bit level on the bus during the Acknowledge 
Slot, independent of accepting or rejecting the message. 


8.9.3 ERROR-AcTIVE 


An error-active PCX82C200 is in its normal operating 
state able to receive and to transmit normally and also to 
transmit an active Error Flag (see section 8.10.3). 


8.9.4 ERROR-PASSIVE 


An error-passive PCX82C200 may transmit or receive 
messages normally. In the case of a detected error 
condition it transmits a Passive Error Flag, instead of an 
Active Error Flag. Hence the influence on bus activities 
by an error-passive PCX82C200 (e.g. due to a 
malfunction) is reduced. 


8.9.5 SUSPENOTRANSMISSION 


After an error-passive PCX82C200 has transmitted a 
message, it sends eight recessive bits after the 
intermission Field and then checks for Bus-Idle. If during 
Suspend Transmission another PCX82C200 starts 
transmitting a message the suspended PCX82C200 will 
become the receiver of this message; otherwise being in 
Bus-Idle it may start to transmit a further message. 


8.9.6 START-UP 


A PCX82C200 which was either switched off or is in the 
Bus-Off state, must run a start-up routine in order to; 


• synchronize with other available PCX82C200's, 


before starting to transmit. Synchronizing is achieved, 
when 11 recessive bits, equivalent to Acknowledge 
Delimiter, End-Of-Frame and Intermission Field, have 
been detected (Bus-Free) 


• wait for other PCX82C200s without passing into the 


Bus-Off state (due to a missing acknowledge), if there 
is no other PCX82C200 currently available. 


8.10 Aims of error confinement 


8.10.1 DISTINCTION 
OFSHORTANOLONG-LASTING 


DISTURBANCES 


The microcontroller must be informed when there are 
long-lasting disturbances and when bus activities have 
returned to normal operation. During long-lasting 
disturibances. a PCX82C200 enters the Bus-Off state 
and the microcontroller may use default values. 


Minor disturibances of bus activities will not affect a 
PCX82C200. In particular, a PCX82C200 does not enter 
the Bus-Off state or inform the microcontroller of a 
Short-lasting bus disturbance. 


The rules for error confinement are defined by the 
CAN-protocol specification (and implemented in the 
PCX82C200), in that the PCX82C200, being nearest to 
the error-locus, reacts with a high probability, the 
quickest (I.e. becomes error-passive or Bus-Off). hence 
errors can be localized and their influence on normal bus 
activities is minimized. 


8.10.3 ERRORCONFINEMENT 


All PCX82C200's contain a Transmit Error Counter and a 
Receive Error Counter. which registers errors during the 
transmission and the reception of messages, 
respectively. 


If a message is transmitted or received correctly, the 
count is decreased. In the event of an error, the count is 
increased. The Error Counters have an non-proportional 
method of counting; an error causes a larger counter 
increase than a correctly transmitted/received 
message 


causes the oount to decrease. Over a period of time this 
may result in an increase in error counts. even if there 
are fewer oorrupted messages than uncorrupted ones. 
The level of the Error Counters reflect the relative 
frequency of disturbances. The ratio of 
increase/decrease depends on the acceptable ratio of 
invalid/valid messages on the bus and is hardware 
implemented to eight. 


If one of the Error Counters exceeds the Warning Umit of 
96 error points, indicating a significant accumulation of 
error conditions, this is signalled by the PCX82C200 
(Error Status, Error Interrupt). 


A PCX82C200 operates in the error-active mode until it 
exceeds 127 error points on one of its Error Counters. At 
this point it will enter the error-passive state. 


A transmit error which exceeds 255 error points results in 
the PCX82C200 entering the Bus-Off state. 


9 LIMITING VALUES 
Limiting values in accordance with the Absolute Maximum Rating System (IEC134) 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 


VDD 
supply voltage range 
4.5 
5.5 
V 


I, 
input/output current on any pin except from TXO and TX1 
- 
±10 
mA 


iOT 
sink current of TXO and TX 1 together (note 1) 
- 
28 
mA 


lOT 
source current of TXO and TX1 together (note 1) 
- 
-20 
mA 


T~b 
operating ambient temperature range: 


PCA82C200 
-40 
+125 
°C 


PCF82C200 
-40 
+85 
°C 


T., 
storage temperature range 
-65 
+150 
°C 


Plot 
total power dissipation (note 2) 
- 
1 
W 


Notes 


1. 
lOTis allowed in case of a bus failure condition because then the TX-outputs are switched off automatically after a 
short time (Bus-Off state). During normal operation lOTis a peak current, permitted fort 
< 100 ms. The average 
output current must not exceed 10 mA for each TX-output. 


2. 
The value is based on the maximum allowable die temperature and the thermal resistance of the package, not on 
device power consumption. 


10 DC CHARACTERISTICS 
VDD " 5 V ±10%; V55 = 0 V; T_ 
= -40 to +125 °C for the PCA82C200 and T, •••= -40 to +85 °C forthe 
PCF82C200. 
All voltages measured with respect to Vu unless otherwise specified 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Supply 


VDD 
supply voltage range 
4.5 
5.5 
V 


supply current: 


IDD 
operating 
RST = Vss; 
- 
15 
mA 


feLK = 16 MHz (note 1) 


I"" 
sleep mode 
oscillator inactive (note 2) 
- 
40 
!,A 


Inputs 


V1L1 
LOW level input voltage 
-0.5 
0.8 
V 
(except XTAL1, RXO and RX1) 


V,L2 
XTAL1 LOW level input voltage 
- 
0.2VDD 
V 


V1H1 
HIGH level input voltage 
3.2 
VDD + 0.5 
V 
(except XTAL1, RST, RXO and RX1) 


V,H2 
XTAL1 HIGH levei input voltage 
0.7VDD 
- 
V 


V,H3 
RST HIGH level input voltage 
3.3 
VOD + 0.5 
V 


Ie 
input leakage current 
0.45 V < V, < VDO 
- 
±10 
!,A 
(except XTAL1, RXOand RX1) 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Outputs 


Va. 
lOW level output voltage 
Ia.; 
1.6 mA 
- 
0.45 
V 
(except XTAL2, TXOand TX1) 


VOH1 
HIGH level outpu1 voltage 
IOH; --BOllA 
2.4 
- 
V 
(except TXO. TX1.INT and ClK 
OUT) 


VOH2 
ClK OUT HIGH level output voltage 
IOH; -80 llA 
0.8Voo 
- 
V 


CAN input comparator 


Voo;5V±5%; 
1.4 V < V, < Voo - 1.4 V 


V01F 
differential inpu1voltage 
note 3 
±42 
- 
mV 


VHYST 
hysteresis voltage 
note 3 
12 
45 
mV 


I, 
input current 
- 
±400 
nA 


CAN output driver 


Voo;5V±5% 


Va.T 
TXO and TXt ou1put voltage lOW 
10; 1.2 mA (note 3) 
- 
0.1 
V 


10;10mA 
- 
1.0 
V 


VOHT 
TXO and TXl output voltage HIGH 
10; 1.2 mA (note 3) 
Voo-O.l 
- 
V 


10;10mA 
Voo-1.0 
- 
V 


Notes 


1. 
(ADO- AD?); 
ALE; 
RD; 
WR; 
CS; 
Voo; MODE; 
Vss; RXO; 2.? V; RXI ; 2.3 V; XTAll 
; 0.5VNoo - 0.5 V; 


all outputs unloaded. 


2. 
(ADO- AD?); 
ALE; 
RD; 
WR; 
INT; 
RST; 
CS; 
MODE; 
RXO; Voo; RXI ; XTAll 
; Vss; all outputs 
unloaded. 


3. 
Not tested during production. 


11 AC CHARACTERISTICS 
Voo= 5 V ±10%; Vss = 0 V; CL = 50 pF (output pins); To •.• = -40 to +85/125 °C; unless otherwise specified (note 1) 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


feU< 
oscillator frequency 
3 
16 
MHz 


tSU1 
address set-up to ALE/AS LOW 
10 
- 
ns 


4<0' 
address hold time 
-=- 
22 
- 
ns 


t.w. 
ALE/AS pulse width 
35 
- 
ns 


tvo• 
RD LOW to valid data output 
Intel mode 
- 
60 
ns 


tV02 
E HIGH to valid data output 
Motorola mode 
- 
60 
ns 


toF' 
data float after RD HIGH 
Intel mode 
10 
55 
ns 


toF2 
data float after E LOW 
Motorola mode 
10 
55 
ns 


IsU2 
input data set-up to WR HIGH 
Intel mode 
30 
- 
ns 


4<02 
input data hold after WR HIGH 
Intel mode 
13 
- 
ns 


4<Hl 
WR HIGH to next ALE HIGH 
23 
- 
ns 


!cH3 
E LOW to next AS HIGH 
Motorola mode 
23 
- 
ns 


tSU3 
input data set-up to E LOW 
Motorola mode 
30 
- 
ns 


4<03 
input data hold after E LOW 
Motorola mode 
25 
- 
ns 


lu.. 
ALE LOW to WR LOW 
Intel mode 
10 
- 
ns 
lw 
ALE LOW to RD LOW 
Intel mode 
10 
- 
ns 


!cH, 
AS LOW to E HIGH 
Motorola mode 
10 
- 
ns 


ts", 
set-up time of RDIWR to E HIGH 
Motorola mode 
20 
- 
ns 


t.w, 
WR pulse width 
Intel mode 
170 
- 
ns 


l,.w, 
RD pulse width 
Intel mode 
170 
- 
ns 


t.w. 
E pulse width 
Motorola mode 
170 
- 
ns 


lu.3 
CS LOW to WR LOW 
Intel mode 
0 
- 
ns 


lu.. 
CS LOW to RD LOW 
Intel mode 
-- 
0 
- 
ns 


lcH, 
CS LOW to E HIGH 
Motorola mode 
., 


0 
- 
ns 


Input comparator/output 
driver 
t,., 
sum of the input and output delays 
Voo=5V±5%; 
- 
62 
ns 


VOl'= ±42 mV; 
1.4 V < V, < Voo -1.4 
mV 


Note 


1. 
AC characteristics are not tested. 


cs 
~ILL4- 


cs-r~__ 
t_L_H" 
t_PW_4 
_ 


MLA836 


cs ~tLL3- 


cs ~ 
__ 
t_LH_n 
tP_W_4 
_ 


MLA8J6. 
, 


To provide optimum noise immunity under worse case 
conditions, the chip is powered by three separate pins 
and grounded by three separate pins, see Fig.12. 


VOO3 


VOD1 


VOD2 


[> 


TXO 


RXO 


lOGIC 
RX' 
[> 
lX' 


VSS2 
vss, 


ML<JJ39 


VSS3 


12 DEVELOPMENT SUPPORT AND TOOLS 


12.1 The PCX82C200 Evaluation 
Board 


Phiiips offers powerful support during the design and test 
stages of CAN networks, working closely with customers 
to develop their systems. The 'Philips Stand-alone 
CAN-Controller (PSCC) Evaluation Board' is a versatile 
tool being a ready-to-use hardware and software 
module, very similar to a real CAN module. Since a 5 V 
power supply is provided, the board can be used in any 
vehicle without modification. An RS232 interface allows a 
terminal or a PC with terminal-emulation software to be 
connected to the board. The board comprises: 


• a PCX82C200 CAN-bus controller 


• a PCA80C552 microcontroller with up to 32K X 8 bits 


external RAM and EPROM 


• a 5 V power supply with protec~on against car battery 


disturbances 


• two different physical CAN-bus interfaces (selectable) 


• an RS232 interface 


• demonstration hardware 


• a wrap field for customer-specific circuitry. 


The software provided with the board supports 'learning 
about CAN' and assists in prototype (e.g. in-vehicle) 
networks. It provides: 


• demonstration software (automatically-initiated) 


• the menu-driven software comprises: 


a facility to alter the contents of the PCX82C200 
registers 


a bus monitor to receive messages from the 
CAN-bus and to display them on a terminal 


a download facility for the user's application 
software. 


With these facilities the board is a basis for prototype 
modules; when using entirely your own software, the 
board can be used as a custom, debugged and proven 
hardware module. 


12.2 Advanced 
support 


For further development support, Philips subcontractor 
I+ME offers a complete set of development tools 
including: 


• a CAN simulator; CANlNet Sim 


• an emulator; CANINet Emu 


• a network analyzer; CANlNet Anal. 


I+ME can be contacted through the following address: 


I+ME GmbH 
Ferdinandstrasse 15 A 
0-3340 Wolfenbuettel 
West Germany . 


Phone: ++49-5331-72066 
Fax: ++49-5331-32455 


Philips 
Sf:mlconductors 
Mlcrocontroller 
Products 


FEATURES 


•. Fully compatible with the ISOIDIS 11898 standard 


, 
High speed (up to 1 Mbaud) 


• Bus lines protected against transients in an automotive 


environment 


• Slope control to reduce radio frequency interference 


(RFI) 


• Thermally protected 


• Short-circuit proof to battery and ground 


• Low current standby mode 


• An unpowered node does not disturb the bus lines 


• At least 110 nodes can be connected. 


GENERAL DESCRIPTION 


The PCA82C250 is the interface between the CAN 
protocol controller and the physical bus. It is primarily 
intended for high-speed applications (up to 1 Mbaud) in 
cars. The device provides differential transmit capability to 
the bus and differential receive capability to the CAN 
controller 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


" 
cc 
supply voltage 
4.5 
- 
5.5 
V 


I:c 
supply current 
- 
- 
170 
fJ.A 


· ItM 
maximum transmission speed 
NRZ 
1 
- 
- 
Mbaud 


"CAN 
CANH, CANL input/output voltage 
-8 
-2 
+18 
V 


I.V 
differential bus voltage 
1.5 
- 
3.0 
V 


1d 
propagation delay 
high-speed mode 
- 
- 
50 
ns 


"amb 
operating ambient temperature 
-40 
- 
+125 
·C 


EXTENDED TYPE 
PACKAGE 


NUMBER 
PINS 
PIN POSITION 
MATERIAL 
CODE 


CA82C250 
8 
DIL8 
plastic 
SOT97AF8 


CA82C250T 
8 
S08 
plastic 
SOT96AG4 


SYMBOL 
PIN 
DESCRIPTION 


TxD 
1 
transmit data input 


GND 
2 
ground 


Vcc 
3 
supply voltage 


RxD 
4 
receive data output 


Vref 
5 
reference voltage output 


CANL 
6 
LOW level CAN voltage input/output 


CANH 
7 
HIGH level CAN voltage input/output 


Rs 
8 
slope resistor inpu1 


TxD 
8 
R. 


GND 
2 
PCA 
7 
CANH 
82C2S0 
VCC 
3 
6 
CANL 


RxD 
4 
5 
V,ef 


MKAS70 


Rg.2 
Pin configuration. 


FUNCTIONAL 
DESCRIPTION 


""he PCA82C250 is the interface between the CAN 
protocol controller and the physical bus. It is primarily, 
intended for high-speed applications (up to 1 Mbaud) In 
cars. The device provides differential transmit capability to 
the bus and differential receive capability to the CAN 
controller. It is fully compatible with the ISOlolS 11898 
"tandard. 


1\ current limiting circuit protects the transmitter output 
"tage against short-circuit to positive and negative battery 
"oltage. Although the power dissipation is increased 
during this fault condition, this feature will prevent 
destruction of the transmitter output stage. 


If the junction temperature exceeds a value of 
approximately 
160 cC, the limiting current of both 


Iransmitter outputs is decreased. Because the transmitter 
is responsible for the major part of the power dissipation, 
Ihis will result in a reduced power dissipation and hence a 
lower chip temperature. All other parts of the IC will remain 
in operation. The thermal protection is particulariy needed 
,.hen a bus line is short-circuited. 


The CANH and CANL lines are also protected against 
lliectrical transients which may occur in an automotive 
lmvironment. 


Pin 8 (Rs) allows three different modes of operation to be 
selected: high-speed, slope control or standby. 


For high-speed operation, the transmitter output 
transistors are simply switched on and off as fast as 
possible. In this mode, no measures are taken to limit the 
rise and fall slope. Use of a shielded cable is 
recommended to avoid RFI probiems. The high-speed 
mode is selected'by connecting pin 8 to ground. 


For lower speeds or shorter bus length, an unshielded 
twisted pair or a parallel pair of wires can be used for the 
bus. To reduce RFI, the rise and fall slope should be 
limited. The rise and fall slope can be programmed with a 
resistor connected from pin 8 to ground. The slope is 
proportional to the current output at pin 8. 


If a HIGH level is applied, the circuit enters a low current 
standby mode. In this mode, the transmitter is switched off 
and the receiver is switched to a low current. if dominant 
bits are detected (differential bus voltage> 
0.9 V), Rxo 


will be switched to a LOW level. The microcontroller should 
react to this condition by switching the transceiver back to 
normal operation (via pin 8). Because the receiver is slow 
in standby mode, the first message will be lost. 


SUPPLY 
TxD 
CANH 
CANL 
BUS STATE 
RxD 


4.5 to 5.5 V 
0 
HIGH 
LOW 
dominant 
0 


4.5 to 5.5 V 
1 (or floating) 
floating 
floating 
recessive 
1 


< 2 V (not powered) 
X 
fioating 
floating 
recessive 
X 


2 V < Vcc < 4.5 V 
> 0.75Vcc 
floating 
floating 
recessive 
X 


2 V < Vcc < 4.5 V 
X 
floating if 
floating if 
recessive 
X 


VRs> 0.75Vcc 
VRs> 0.75Vcc 


MODE 
RESULTING VOLTAGE OR 
CONDITION FORCED AT Rs 
CURRENT AT Rs 


VRs> 0.75Vee 
standby 
IRs< 110f!AI 


10 f!A< 
IRs< 200 f!A 
slope control 
DAVee < VRs < 0.6Vee 


VRs< 0.3Vee 
high-speed 
IRs< 500 f!A 


LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). All voltages are referenced to pin 2; positive input 
current. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Vcc 
supply voltage 
-0.3 
+9.0 
V 


Vn 
DC voltage at pins 1, 4, 5 and 8 
-0.3 
Vcc +0.3 
V 


VB.? 
DC voltage at pins 6 and 7 
o V < Vcc < 5.5 V; 
-8.0 
+18.0 
V 
no time limit 


V,rt 
transient voltage at pins 6 and 7 
see Fig.8 
-150 
+100 
V 


Tstg 
storage temperature 
-55 
+150 
°C 


Tamb 
operating ambient temperature 
-40 
+125 
°C 


Tvj 
virtual junction temperature 
note 1 
-40 
+150 
°C 


Note 


1. 
In accordance with IEC 747-1. 
An alternative definition of virtual junction temperature Tvj is; 


Tvj;:; 
Tamb + Pd X Rlhvj-amb 
where R'h vi-8mbis a fixed value to be used for the calculation of Tvj' 
The rating for Tvj limits tihe allowable combinations of power dissipation (Pd) and ambient temperature (Tamb) 


HANDLING 


Classification A: human body model: C = 100 pF; R = 1500 n; V = ±2000 V. 
Classification B: machine model; C = 200 pF; R = 0 n; V = ±200 V. 


SYMBOL 
PARAMETER 
THERMAL RESISTANCE 


R1hj-a 
from junction to ambient in free air 


PCA82C250 
100KIW 


PCA82C250T 
160 KIW 
- 


CHARACTERISTICS 
Vee ~ 4.5 to 5.5 V; Tamb~ -40 <0+ 125°C; RL ~ 60 Q; Ie~ > -10 1lA; unless otherwise specified. All voltages referenced 
to ground (pin 2); positive input current; all parameters are guaranteed over the ambient temperature range by design, 
but only 100% tested at +25 °c. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Supply 


13 
supply current 
dominant; V, ~ 1 V 
- 
- 
70 
mA 


recessive; V, ~ 4 V; 
- 
- 
14 
mA 


Re ~ 47 kQ 


recessive; V, ~ 4 V; 
- 
- 
1B 
mA 
Ve~ 1 V 


standby; Tamb< 90 "C; 
- 
100 
170 
J.lA 


note 1 


DC bus transmitter 


V,H 
HIGH level input voltage 
output recessive 
O·7Vee 
- 
Vee+ 0.3 
V 


V'L 
LOW level input voltage 
output dominant 
-0.3 
- 
0.3Vee 
V 


I'H 
HIGH level input current 
V, ~4V 
-200 
- 
+30 
J.lA 


I'L 
LOW level input voltage 
V, ~1 V 
100 
- 
600 
J.lA 


VS.7 
recessive bus voltage 
V, ~4V; 
no load 
2.0 
- 
3.0 
V 


ILO 
off-state output leakage 
-2 V < (Vs. V7) < 7 V 
-2 
- 
+1 
mA 


current 
-2V 
< (Vs. V7) < 7V 
-5 
- 
+12 
mA 


V7 
CANH output voltage 
V, ~ 1 V 
2.75 
- 
4.5 
V 


Vs 
CANL output voltage 
V, ~ 1 V 
0.5 
- 
2.25 
V 


tNs,7 
difference between output 
V, ~ 1 V 
1.5 
- 
3.0 
V 
voltage at pins 6 and 7 
V, ~ 1 V; RL ~ 45 Q; 
1.5 
- 
- 
V 


Vee 
4.9V 


V,~4V;noload 
-500 
- 
+50 
mA 


Isc7 
short-circuit CANH current 
V7 ~-5 
V; Vee'; 5 V 
- 
- 
105 
mA 


V7 ~ -5 V; Vee ~ 5.5 V 
- 
- 
120 
mA 


Isc6 
short-circuit CANL current 
Vs~+1BV 
- 
- 
160 
mA 


DC bus receiver: 
V, ~ 4 V; pins 6 and 7 externally 
driven; -2 V < (Yo, V7) < 7 V 


Vdiff(r) 
differential input voltage 
-1.0 
- 
0.5 
V 
(recessive) 
-7 V < (Vs. V7) < 12 V; 
-1.0 
- 
0.4 
V 
not standby mode 


Vdiff(d) 
differential input voltage 
0.9 
- 
5.0 
V 
(dominant) 
-7 V < (Vs. V7) < 12 V; 
1.0 
- 
5.0 
V 


not standby mode 


Vdiff(hys) 
differential input hysteresis 
see Fig.5 
- 
150 
- 
mV 


VOH 
HIGH level output voltage 
14 ~ -100 J.lA 
o.BVee 
- 
Vee 
V 


(pin 4) 


VOL 
LOW level output voltage 
14~ 1 mA 
a 
- 
0.2Vee 
V 


(pin 4) 
14 ~ 10 mA 
a 
- 
1.5 
V 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


RI 
CANH, CANL input 
5 
- 
25 
kO 
resistance 


Rdiff 
differential input resistance 
20 
- 
100 
kO 


CI 
CANH, CANL input 
- 
- 
20 
pF 
capacitance 


Cdiff 
differential input 
- 
- 
10 
pF 
capacitance 


Reference 
output 


Vref 
reference output voltage 
Va= 1 V; 
0.45Vcc 
- 
0.55Vcc 
V 
-50 fiA < 15 < 50 fiA 


Va = 4 V; 
0.4Vcc 
- 
0.6Vcc 
V 
-50 f1A< 15 < 50 fiA 


Timing 
(see Figs 3, 4, 6 and 7) 


tbit 
minimum bit time 
Va= 1 V 
- 
- 
1 
fis 


IonTxO 
delay TxD to bus active 
Va= 1 V 
- 
- 
50 
ns 


IoffTxo 
delay TxD to bus inactive 
Va= 1 V 
- 
40 
80 
ns 


IonRxO 
delay TxD to receiver 
Va= 1 V 
- 
55 
120 
ns 
active 


IoffRxD 
delay TxD to receiver 
Va=1 
V; Vcc <5.1 V; 
- 
82 
150 
ns 
inactive 
Tamb= < +85 'C 


Va = 1 V; Vcc < 5.1 V; 
- 
82 
170 
ns 
Tamb= < +125 'C 


Va = 1 V; Vcc < 5.5 V; 
- 
90 
170 
ns 
Tamb= < +85 'C 


Va = 1 V; Vcc < 5.5 V; 
- 
90 
190 
ns 


Tamb= < +125 'C 


IonRxD 
delay TxD to receiver 
Ra = 47 kn 
- 
390 
520 
ns 
active 
Ra= 24 kn 
- 
260 
320 
ns 


IoffRxD 
delay TxD to receiver 
Ra = 47 kO 
- 
260 
450 
ns 
inactive 
Ra= 24 kO 
- 
210 
320 
ns 


ISRI 
differential output voltage 
Ra=47kO 
- 
14 
- 
V/fiS 


slew rate 


tWAKE 
wake up time from standby 
- 
- 
20 
fis 


(via pin 8) 


~RxD 
bus dominant to RxD LOW 
Va = 4 V; standby mode 
- 
- 
3 
fis 


Standby/slope 
control 
(pin 8) 


Va 
input voltage for 
- 
- 
0.3Vcc 
V 
high-speed 


la 
input current for 
Va= 1 V 
- 
- 
-500 
fiA 
high-speed 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Vstb 
input voltage for standby 
0.75Vcc 
- 
- 
V 


mode 


Islope 
slope control mode current 
-10 
- 
-200 
~ 


V.1ope 
slope control mode voltage 
0.4Vcc 
- 
0.6Vcc 
V 


Note 


1. 
I, = 14 = 15 = 0 mA; 0 < V7; Vs < Vcc; Va = Vcc. 


QUALITY SPECIFICATION 


Quality 
in accordance 
with SNW - FQ 611 - part-Eo 


r'OO"' 


___________ 
,-:-.-.- ..-.-.-.-.-_- ..-.-_-_ :CyC 


, 
/O.9Y 


~ 
O.3YCC 
,,,,, 


~_O._5Y_ 
,, 
, 


~ , . 
, . 
, 
, 
, . 


:toffTx~: 
UKA1572 
;.- ~ 
: 


, 
toffRxD 
: 
~ 
~ 


1-.-.-..-.-.-.-..-.-_-_-..-.-_-.-_.-.-_-.-..-.-.-. ~5 VV 


Fig.6 
Timing diagram for wake·up from standby 
(VTxD = 1 V). 


Fig.? 
Timing diagram for bus dominant to RxD LOW 
(VTxD = 4 V: VRs = 4 V). 


P8xC592/P8xCE598 
CAN-CONTROLLER 


T xD 
RxD 
vref 
Rs 


vcc 


PCA82C250T 


CAN-TRANSCEIVER 


GND 


PCA82C200 
CAN-CONTROLLER 


PCA82C250 
CAN- TRANSCEIVER 


GND 


80C51-Elased 
8-Bit Mil:rocontrollers 


Section 7 
Other Microcontrollers 


8031AH/8051AH 


8032AHl8052AH 


Single-chip B-bit microcontroller 
1257 


Single-chip B-bit microcontroller 
1266 


DESCRIF TION 
The Philips 1031AHI8051AH Is a 
high-perfom lance microoontroUer fabricated 
with Philips ligh-density highly reliable +5V, 
depletion-Iond, N-channel, silicon-gate, N500 
MOS proce! s technology. It provides the 
hardware fa ltures, architectural 
enhancements and instructions that are 
necessary to make it a powerful and 
cost-effectiv 3controller for applications 
requiring up to 64k bytes of program memory 
and/or up to 64k bytes of data storage. 


The 8051A~1contains a 4k x 8 read-only 
program me mory, a 128 x 8 read-only data 
memory, 32 1/0 lines, two 16-bit 
counterltimErs, a five-source, two-priority 
level neste<1 interrupt structure, a serial 
1/0 


port for eith! ,rmulti-processor 
communical ions, 1/0 expans.ion or full duplex 
UART, and (.,-chip oscillator and clock 
circuits. The 8031AH is Identical, except that 
illacks the ~rogram memory. For systems 
that require 3xtra capability, the 8051AH can 
be expande<I using standard TIL compatible 
memories and byte oriented peripheral 
controllers. 


The 8051A~ microcontroller, like its 8048 
predeceSSOl,is efficient both as a controller 
and as an 8/ ilhmetic processor. It has 
extensive fa :i1itiesfor binary and BCD 
arithmetic 8/1dexcels in bit-handling 
capabilities. Efficient use of program memory 
results from an instruction set consisting of 
44% one-bye, 
41% two-byte, and 15% 
three-byte instructions. With a 12MHz crystal, 
58% of the "'StructionS execute in 1118,40% 
in 2118and n IUltiplyand divide require only 
4118· 


FEATURES 


• Reduced supply current 


• 4k x 8 ROM (8051AH) 


·128x8RAM 


• Four 8-bit ports, 32 1/0 lines 


• Two 16-bittimer/event 
counters 


• High-performance full-duplex serial 
channel 


• External memory expandable to 128k 


• Boolean processor 


• Industry standard 8051 architecture: 


- 
Non-paged jumps 


- 
Direct addressing 


- 
Four 8-register banks 


- 
Stack depth up to 128-bytes 


- 
Multiply, divide, subtract, compare 


• Most instructions execute in 1118 


• 41'Smultiply and divide 


RST 


E)I; 
PSER 
~r 
RxD-+ 
ALE 
J 


;:: 
TxD_ 
jf 
lR'rn-+ 
:> 
'" 
LL 
JRTT'-' 
f- 


~ 
TO-+ 
~ 
o 
T1--+ 


il< WIl_ 
ts 
Rtl_ 


III 


.a 


39 


17 


18 
28 


Pin 
Function 
Pin 
Function 
Pin 
Function 
1 
NC 
15 
TmT1P3.3 
30 
P2.61A1. 
2 
P1.0 
18 
T0IP3.4 
31 
P2.7/A15 
3 
Pl.1 
17 
T11P3.5 
32 
PSER 
• 
Pl.2 
18 
Wl!lP3.6 
33 
ALE 
5 
P1.3 
19 
Rtl1P3.7 
34 
NC 
6 
Pl.4 
20 
XTAL2 
35 
E)I; 
7 
PI.5 
21 
XTAL1 
36 
PO.7/AD7 
8 
P1.6 
22 
Vss 
37 
PO.61AD6 
9 
P1.7 
23 
NC 
38 
PO.51AD5 


10 
RST 
2. 
P2.OIAB 
39 
PO.4/AD4 
11 
RxDIP3.0 
25 
P2.1/A9 
.a 
PO.31AD3 


12 
NC 
26 
P2.21A10 
.'1 
PO.21AD2 


13 
TxD1P3.1 
27 
P2.31A11 
42 
PO.1/ADI 
1. 
1I'lTh'P3.2 
28 
P2.41A12 
43 
PO.OIADO 


29 
P2.51A13 
« Vcc 


PHILIPS 
PHILIPS NORTH AMERICA 


ROMless 
ROMless 
TEMPERATURE 
(MARKING 
(ORDER 
°C 
FREQ. 
DRAWING 
NUMBER) 
NUMBER) 
ROM 
ROMless 
ROM 
AND PACKAGE 
MHz 
NUMBER 


MAF8031AH-2-12P 
MAF8031A-2 N 
MAF8051AH-2P 
SCN8031 HACN40 
SCN8051 HACN40 
-40 to +85, 
12 
0415C 
Plastic Dual 
In-Line Package 


MAB8031AH-2-12P 
MAB8031A-2 N 
MAB8051AH-2P 
SCN8031 HCCN40 
SCN8051 HCCN40 
o to +70, 
12 
0415C 


Plastic Dual 
In-Line Package 


SCN8031 HCFN40 
SCN8051 HCFN40 
Oto +70, 
15 
0415C 
Plastic Dual 
In-Line Package 


SCN8031 HAFN40 
SCN8051 HAFN40 
-40 to +85, 
15 
0415C 
Plastic Dual 
In-Line Package 


MAB8031AH-2-12WP 
MAB8031A-2 A 
MAB8051AH-2WP 
SCN8031 HCCA44 
SCN8051 HCCA44 
o to +70, 
12 
0403G 


Plastic Leaded 
Chip Carrier 


MAF8031AH-2-12WP 
MAF8031A-2 A 
MAF8051AH-2WP 
SCN8031 HACA44 
SCN8051 HACA44 
-40 to +85, 
12 
0403G 


Plastic Leaded 
Chip Carrier 


SCN8031 HCFA44 
SCN8051 HCFA44 
o to +70, 
15 
0403G 


Plastic Leaded 
Chip Carrier 


SCN8031 HAFA44 
SCN8051 HAFA44 
-40 to +85, 
15 
0403G 
Plastic Leaded 
Chip Carrier 


r------------- 
I 
I 
vo,1-, 


VSBI 
-fl 


SBUF 
IE 
IP 


INTERRUPT, 
SERIAL 
PORT 
AND 
TIMER 
BLOCKS 


E)\- 


RST- 
1 
I 
I 
I 
I 
I 
LX~l.1 


I 
I 
I 
I 
I 
I 
__________ 
-l 


PIN NO. 


MNEMONIC 
DIP 
LCC 
TYPE 
NAME AND FUNCTION 


VSS 
20 
22 
I 
Ground: 
OV reference. 


Vcc 
40 
44 
I 
Power Supply: This is the power supply voltage for normal, idle, and power-down operation. 


PO.1HJ.7 
3!}-32 
43-36 
I/O 
Port 0: Port 0 is an open-drain, bidirectional 1/0 port. Port 0 pins that have 1s written to them float 
and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order address and 
data bus during accesses to external program and data memory. In this application. it uses strong 
internal pull-ups when emitting 1s. 


Pl.o--Pl.7 
1-8 
2-9 
1/0 
Port 1: Port 1 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 1 pins that have 1s written 
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 1 pins 
that are externally pUlled low will source current because of the internal pull-ups. (See DC 
Electrical Characteristics: IILl. 


P2.o--P2.7 
21-28 
24-31 
I/O 
Port 2: Port 2 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 2 pins that have 1s written 
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs. port 2 pins 
that are externally being pulled low will source current because of the internal pull-ups. (See DC 
I: 


Electrical Characteristics: IILl. Port 2 emits the high-order address by1eduring fetches from 
external program memory and during accesses to external data memory that use 16-bit addresses 
(MOVX @DPTR). In this application, it uses strong internal pull-ups when emitting 1s. During 
accesses to external data memory that use 8-bit addresses (MOV @Ri), port 2 emits the contents 
of the P2 special function register. 


P3.o--P3.7 
10--17 
11. 
1/0 
Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3 pins that have 1s written 
13-19 
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 3 pins 
that are externally being pulled low will source current because of the pull-ups. (See DC Electrical 
Characteristics: IILl. Port 3 also serves the special features of the 80C51 family, as listed below: 


10 
11 
I 
RxD (P3.0): Serial input port 


11 
13 
0 
TxD (P3.1): Serial output port 


12 
14 
I 
INTll (P3.2): External interrupt 
13 
15 
I 
IR1l (P3.3): External interrupt 


14 
16 
I 
TO (P3.4): Timer 0 external input 


15 
17 
I 
T1 (P3.5): Timer 1 external input 


16 
18 
0 
WR (P3.6): External data memory write strobe 


17 
19 
0 
'RD"(P3.7): External data memory read strobe 


RST 
9 
10 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running. resets the device. 
An internal diffused resistor to Vss permits a power-on reset using only an external capacitor to 
Vcc· 


ALE 
30 
33 
I/O 
Address 
Latch Enable: Output pulse for latching the low by1eof the address during an access to 


external memory. In normal operation, ALE is emitted at a constant rate of 1/6 the oscillator 
frequency. and can be used for external timing or clocking. Note that one ALE pulse is skipped 
during each access to external data memory. 


1'S"Ef'J 
29 
32 
0 
Program Store Enable: The read strobe to external program memory. When the device is 
executing code from the external program memory, 1'S"Ef'J 
is activated twice each machine c~ 


except that two 1'S"Ef'J 
activations are skipped during each access to external data memory. 


is not activated during fetches from internal program memory. 


EA 
31 
35 
I 
External Access Enable: EA must be externally held low to enable the device to fetch code from 
external program memory locations OOOOHto OFFFH. If EA is held high. the device executes from 
internal program memory unless the program counter contains an address greater than OFFFH. 


XTAL1 
19 
21 
I 
Crystal 1: Input to the inverting oscillator amplifier. 


XTAL2 
18 
20 
0 
Crystal 2: Output from the inverting oscillator amplifier and input to the internal clock generator 
circuits. 


OSCILLATOR 
CHARACTERISTICS 
XTAL1 and XTAL2 are the inpu1and outpu1, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-<:hlp 
oscillator. as shown in the logic symbol. 


To drive the device from an external clock 
source, XTAL2 should be driven while XTAL1 
is connected to ground. There are no 
requirements on the duty cycle of the external 
clock signal. because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flOp. However, minimum and maximum 


DESIGN CONSIDERATIONS 
At power-on. the Voltage on Vcc and RST 
should come up at the same time for a proper 
start-up. 


PARAMETER 
RATING 
UNIT 


Storage ten perature range 
- 
-65 to +150 
°C 


Voltage on any other pin to Vss 
. 
-0.5 to +7.0 
V 


Input, outp"t current on any single pin 
10 
mA 


Power diss pation 
1.0 
W 


DC ELECTRICAL 
CHARACTERISTICS 
Tamb= O°C'O +70°C, Vee = 5V ±10%, Vss = OV4,5 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


VIL 
Input low voltage 
-0,5 
0.8 
V 


VIH 
Input high voltage; except XTAL2, RST 
2.0 
Vee+0.5 
V 


VIHl 
Input high voltage to RST for reset, XTAL2 
XTAL1to Vss 
2.5 
Vee+0.5 
V 


VOL 
Output low voltage; ports 1, 2, 36 
IOL= 1.6mA 
0.45 
V 


VOL1 
Output low voltage; port 0, ALE, J5SE1iI6 
IOL=3.2mA 
0.45 
V 


VOH 
Output high voltage; ports 1, 2, 3 
IOH=-80uA 
2.4 
V 


VOH1 
Output high voltage; port 0, ALE, J5SE1iI3 
IOH=-400uA 
2.4 
V 


IlL 
Logical 0 input current; ports 1, 2, 3 
VIN = 0.45V 
-500 
IlA 


IIHl 
Input high current to RST for reset 
VIN<Vee-1.5V 
500 
IlA 


III 
Input leakage current; port 0, Ell: 
0.45 < VIN < Vee 
±10 
IlA 


11L2 
Logical 0 input current for XTAL2 
XTAL1 = Vss, VIN= 0.45V 
-3.2 
mA 


Ice 
Power supply current 
All outputs disconnected 
125 
mA 


, 
and Ell: = Vee 


CIO 
Pin capacitance 
10 
pF 


Tomb= -4 )OCto +85°C, Vcc = 5V ±10%, Vss = OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


VIH 
Input high voltage; except XTAL2, RST 
2.1 
Vee+0.5 
V 


VIHl 
Input high voltage to RST and XTAL2 
XTAL1 = Vss 
2.6 
Vee+0.5 
V 


11L2 
Logical 0 input current for XTAL2 
XTAL1 = Vss, VIN = 0.45V 
-4.0 
mA 


Ice 
Power supply current 
All outputs disconnected 
135 
mA 
and Ell: = Vee 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 


2. 
For operating at elevated temperatures, the device must be derated based on +150°C maximum junction temperature. 


3. This p'Uluct includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


4. 
ParalTlEters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


5. All voilEge measurements are referenced to ground. For testing, all input signals swing between 0.45V and 2.4V with a transition time of 
20ns m lXimum. All time measurements are referenced at input voltages of 0.8V and 2.0V and at output voltages of 0.8V and 2.0V as 
appropl iate. 
6. VOL is (Ierated when the device rapidly discharges external capacitance. This AC noise is most pronounced during emission of address 
data. VII hen using extemal memory, locate the latch or buffer as close as possible to the device. 
Emitting 
Degreded 
Datum 
Ports 
VO Lines 
VOL (Peak Max) 
Addre ••, 
P2, PO 
P1, P3 
0.8V 
Write Data 
PO 
Pt, p3, ALE 
0.8V 
7. CL = 1COpFfor port 0, ALE and J5SE1iI outputs: CL = 80pF for all other ports. 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°Cto +70°C or -40°C to +85°C, Vcc = 5V ±20%, V55 = OV', 2 


12MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1!tcLCL 
Oscillator frequency: 
Speed Versions 


SCN8051131 
C 
3.5 
12 
MHz 
MAB8051/31 
-2 
3.5 
12 
MHz 
MAF8051131 
-2 
3.5 
12 
MHz 
SCN8051131 
F 
3.5 
15 
MHz 


It.HLL 
1 
ALE pulse width 
127 
2tcLCL-40 
ns 


tAVLL 
1 
Address valid to ALE low 
43 
tCLCL-40 
ns 


lu.Ax 
1 
Address hold after ALE low 
48 
lcLCL-35 
ns 


tLUv 
1 
ALE low to valid instruction in 
233 
4lcLCL-100 
ns 


lLLPL 
1 
ALE low to l'SEJiIlow 
58 
tCLCL-25 
ns 


!PLPH 
1 
l'SEJiI pulse width 
215 
3lcLCL-35 
ns 


tpLiv 
1 
l'SEJiIlow 
to valid instruction in 
125 
3lcLCL-125 
ns 


tPXIX 
1 
Input instruction hold after l'SEJiI 
0 
0 
ns 


!PXIZ 
1 
Input instruction float after l'SEJiI 
63 
lcLCL-20 
ns 


tAVIV 
1 
Address to valid instruction in 
302 
5lcLCL-115 
ns 


tpLAZ 
1 
l'SEJiIlow 
to address float 
20 
20 
ns 


tpXAV 
1 
l'SEJiI to address valid 
75 
lcLCL -8 
ns 


Data Memory 
, 
. 


tRLRH 
2,3 
AD pulse width 
400 
6lcLCL-100 
ns 


tWLWH 
2,3 
WR: pulse width 
400 
6lcLCL-100 
ns 


tRLDV 
2,3 
AD low to valid data in 
252 
5lcLCL-165 
ns 


lRHDX 
2,3 
Data hold after AD 
0 
0 
ns 


lRHDZ 
2,3 
Data float after AD 
97 
2tcLCL-70 
ns 


lLLDV 
2,3 
ALE low to valid data in 
. 


517 
8lcLCL-150 
ns 


tAVDV 
2,3 
Address to valid data in 
585 
9lcLCL-165 
ns 


lLLWL 
2,3 
ALE low to AD or WR: low 
200 
300 
3lcLCL-50 
3lcLCL+50 
ns 


tAvWL 
2,3 
Address valid to WR: low or AD low 
203 
4lcLCL-130 
ns 


tavwx 
2,3 
Data valid to WR: transition 
23 
lcLCL-60 
ns 


taVWH 
2,3 
Data valid to WR: high 
433 
7lcLCL -150 
ns 


twHOx 
2,3 
Data hold after WR: 
33 
tCLCL-50 
ns 


tRLAZ 
2,3 
AD low to address float 
20 
20 
ns 


tWHLH 
2,3 
AD or WR: high to ALE high 
43 
123 
lcLCL-40 
lcLCL+40 
ns 


EX1ernal Clock 


lcHCX 
5 
High time 
I' 
20 
20 
ns 


lcLCX 
5 
Low time 
20 
20 
ns 


lcLCH 
5 
Rise time 
20 
20 
ns 


lcHCL 
5 
Fall time 
20 
20 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and l'SEJiI = 100pF, load capacitance for all other outputs = 80pF. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
Q - 
Output data 


first character is always 'I' (= time). The other 
R - 
"RUsignal 


characters, depending on their positions, 
t 
- 
Time 


indicate the name of a signal or the logical 
V - 
Valid 


status of that signal. The designations are: 
W - 
WR signal 


A - 
Address 
X - 
No longer a valid logic level 


C - 
Clock 
Z - 
Float 


o - 
Input data 
H - 
Logic level high 
I 
- 
Instruction (program memory contents) 


L - 
Logic level low, or ALE 


P - 
15S""EN 


Examples: 
tAVLL=Time for address valid to 
ALE low. 
tLLPL= Time for ALE low to 


15S""ENlow. 


lu.Wl 
IWlWH 


WR 


lLlAX 


IAVll 
tavwx 


taVWH 


PORTO 
DATA OUT 
AQ-A7 
FROM 
PCl 
INSmlN 


I 
...• 
1 ilXHQX 
I 


taVXH r------I 


INPUT 
DATA 
~' 


CLEAR 
RI 


24V~::: 
>C 


045V 
~~--------, 


NOTE: 
AC inputs 
during 
lesting 
are driven 
at 2.4V for a logic '1' and O.45V for a logic '0', 
Timing 
measurements 
are made 
a12.0V 
min for ft logic '1' and a.BV for a logic '0'. 


Figure 8. 
Icc Test Condition, 
Active Mode 
All other pins are disconnected 


FLOAT 
---- 
•• 1 


2.0V 


O.45V 


.NOTE: 


For timing 
purposes, 
the float state is defined 
as the point at which 
a PO pln 


sinks 2.4mA 
or sources 
400JlA at the vottagelesllevels. 


VCc-<>·s 
- 
- 
- 
- 
O.7VCC 


OASV 
O.2VCC-<>,1 


lcHCL- 
lcLC 


Figure 9. 
Clock Signal Waveform 
for 


Icc Tests In Active and Idle Modes 


lcLCH= lcHCL= 5ns 


DESCRIPTION 
The Philips 8032AH/8052AH is a 
high-performance microcontroller fabricated 
using the Philips high-density highly reliable 
+5V, depletion-load, N-channel, silicon-gate, 
N500 MOS process technology. It provides 
the hardware features, architectural 
enhancements and instructions that are 
necessary to make it a powerful and 
cost-effective controller for applications 
requiring up to 64k bytes of program memory 
and/or up to 64k bytes of data storage. 


The 8032AHl8052AH contains 256 bytes of 
read/write data memory, 32 1/0 lines 
configured as four B-bit ports, three 16-bit 
counterltimers, a six-source, two-priority-Ievel 
nested interrupt structure, a programmable 
serial 
1/0 port and on-Chip oscillator and 
clock circuitry. The 8052AH has all of these 
features plus Bk bytes of non-volatile 
read-only program memory. Both 
microcontrollers have memory expansion 
capabilities of up to 64k bytes of data storage 
and 64k bytes of program memory that can 
be attained with standard TTL compatible 
memories. 


Because of its extensive BCDlbinary 
arithmetic and bit-handling facilities, the 
B032AH/8052AH microcontroller is efficient at 
both computational and control-oriented 
tasks. Efficient use of program memory is 
also achieved by using the familiar compact 
instruction set of the 8031AH/8051 AH. 
Forty-four percent of the instructions are 
one-byte, 41% two-byte, and 15% three-byte 
instructions. With a 12MHz crystal, the 
majority of the instructions execute in just 
1.0J!s. The longest instructions, multiply and 
divide, require only 4J!s at 12MHz. 


FEATURES 


• 8032AH - 
control-oriented CPU with RAM 
and 1/0 


• B052AH - 
an 8032AH with factory 
mask-programmable 
ROM 


• 8k X 8 ROM (8052AH only) 


·256X8RAM 


• Four B-bit ports, 32 1/0 lines 


• Three 16-bittimer/counters 


• Programmable full-duplex serial channel 


- 
Variable transmiVreceive baud rate 
capability 


• TImer 2 capture capability 


• External memory 


- 
64k ROM and 64k RAM 


• Boolean processor 


• 128 user bit-addressable locations 


PO.lIADl 


PO.21AD2 


PO.3IAD3 


PO.4/AD4 


PO.51A05 


PO.61AD6 


P2.7/A15 


P2.6fA,. 


P2.3IA11 


P2.21A10 


40 


39 


17 
29 


18 
28 


Pin 
Function 
Pin 
Function 
Pin 
FlKlCtion 
1 
NC 
15 
rnTf1P3.3 
30 
P2.61AI4 


2 
T2IP1.0 
16 
TOIP3.4 
31 
P2.7/A15 


3 
T2EXlP1.1 
17 
T11P3.5 
32 
I'Srn 
4 
Pl.2 
18 
WRlP3.6 
33 
ALE 


5 
P1.3 
19 
ROIP3.7 
34 
NC 


6 
Pl.4 
20 
XTAL2 
35 ~ 
7 
Pl.5 
21 
XTAL1 
36 
PO.7/AD7 


8 
Pl.6 
22 
vss 
37 
PO.61AD6 


9 
Pl.7 
23 
NC 
38 
PO.51AD5 


10 
RST 
24 
P2.OIAS 
39 
PO.4/AD4 


11 
RxDIP3.0 
25 
P2.1/A9 
40 
PO.3IAD3 


12 
NC 
26 
P2.21Al0 
4'1 
PO.21AD2 


13 
TxDIP3.1 
27 
P2.31Al1 
42 
PO.l/ADl 


14 
1lrnlIP3.2 
28 
P2.4/AI2 
43 
PO.ClAOO 


29 
P2.5IA13 
44 
Vex; 


PHILIPS 
PHILIPS 
NORTH 
AMERICA 


ROMIe •• 
ROM Ie •• 
TEMPERATURE 
(MARKING 
(ORDER 
Drawing 
Drawing 
·C 
FREQ. 


NUMBER) 
NUMBER) 
ROM 
Number 
ROMleaa 
ROM 
Number 
AND 
PACKAGE 
MHz 


MAB8032AH-2·12P 
MAB8032A-2N 
MAB8052AH-2P 
SOT129 
SCN8032HCCN40 
SCN8052HCCN40 
0415C 
Oto +70, 
12 
Plastic 
Dual 
In-line 
Package 


MABB032AH-2-12WP 
MAB8032A-2A 
MABB052AH-2WP 
SOT187 
SCN8032HCCA44 
SCN8052HCCA44 
0403G 
o to +70, 
12 
Plastic 
Leaded 


Chip Carrier 


MAF8032AH-2-12P 
MAF8032A-2N 
MAF8052AH-2P 
SOT129 
SCN8032HACN40 
SCN8052HACN40 
0415C 
-40 
to +85, 
12 


Plastic 
Dual 
In-Line 
Package 


MAF8032AH-2-12WP 
MAF8032A-2A 
MAF8052AH-2WP 
SOT187 
SCN8032HACA44 
SCN8052HACA44 
0403G 
-40 
to +85, 
12 
Plastic 
leaded 
Chip Carrier 


MABB032AH-2-15P 
MAB8032A-3N 
SCN8032HCFN40 
SCN8052HCFN40 
0415C 
o to +70, 
15 
Plastic 
Dual 


In-Line 
Package 


MAB8032AH-2-15WP 
MAB8032A-3A 
SCN8032HCFA44 
SCN8052HCFA44 
0403G 
o to +70, 
15 
Plastic 
leaded 
Chip Carrier 


MAF8032AH-2-15P 
MAF8032A-3N 
SCN8032HAFN40 
SCN8052HAFN40 
0415C 
-4010 
+85, 
15 
Plastic 
Dual 
In-Line 
Package 


MAF8032AH-2-15WP 
MAF8032A-3A 
. 


SCN8032HAFA44 
SCN8052HAFA44 
0403G 
-4010 
+85, 
15 
Plastic 
leaded 
Chip Carrier 


RST 
Ell 
I'SEN 


~[ 
RxD_ 
ALtE 
b 
TxO.- 


~ 
TNm--. 
M 


LL. 
TNTT----- 
~ 


fr: 
TO-' ~ 
~ 
T1 
D. 


Z 
WR_ 
8 
RU+-- 


w 
'" 


~ §}ADDRESS 
AND 
c:::.....-. 
DATA 
BUS 
lr_-- 
~lil~"~ 
J 1- T2 
-~-} 
- - 
- "'- 


~ 
~ ~ 
ADDRESS 
BUS 


r------------- 
I 
I 


vccl 
--'-1 


vsslJl 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


--------------l 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
__________ 
---l 


SCON 
moo 
TeON 


THO 
TLO 
TH1 


TH2 
Tl2 
RCAP2H 


SBUF 
IE 
IP 


INTERRUPT, 
SERIAL 
PORT AND TIMER 
BLOCKS 


PINNO. 
, 


MNEMONIC 
DIP 
LCC 
TYPE 
NAME AND FUNCTION 


VSS 
20 
22 
I 
Ground: 
OV reference. 


Vee 
40 
44 
I 
Power Supply: This is the power supply voltage for normal, idle, and power-down operation. 


PO.O-O.7 
39-32 
43-36 
I/O 
Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1s written to them float 
and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order address and 
data bus during accesses to extemal program and data memory. In this application, it uses strong 
internal pull-ups when emitting 1s. 


P1.o-P1.7 
1-8 
2-9 
I/O 
Port 1: Port 1 is an B-bit bidirectional I/O port with internal pull-ups. Pins P1.0 and P1.1 also 
correspond to the special functions T2, timer 2 counter trigger input, and T2EX, extemal input to 
timer 2. the output latch on these two special functions must be programmed to one for that 
function to operate. Port 1 also receives the low-order address byte during program verification. 


1 
2 
I 
T2 (P1.0): Timer/counter 2 trigger input. 


2 
3 
I 
T2EX (P1.1): Timer/counter 2 extemal count input. 


P2.o-P2.7 
21-2B 
24-31 
I/O 
Port 2: Port 2 is an B·bit bidirectional I/O port with intemal pull-ups. Port 2 emits the high-order 
address byte during fetches from external program memory and during accesses to external data 
memory that use 16-bit addresses (MOVX @DPTR). During accesses to extemal data memory 
that use B-bit addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. 


P3.o-P3.7 
10-17 
11, 
I/O 
Port 3: Port 3 is an B-bit bidirectional I/O port with intemal pUll-ups. Port 3 also serves the special 
13-19 
features of the SCBOC51 family, as listed below: 
10 
11 
I 
RxD (P3.0): Serial input port 


11 
13 
0 
TxD (P3.1): Serial output port 


12 
14 
I 
Im'O (P3.2): External interrupt 


13 
15 
I 
INTf (P3.3): External interrupt 


14 
16 
I 
TO (P3.4): Timer 0 external input 


15 
17 
I 
T1 (P3.5): Timer 1 external inpu1 


16 
1B 
0 
WR (P3.6): Extemal data memory write strobe 


17 
19 
0 
RD (P3.7): Extemal data memory read strobe 


RST 
9 
10 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the device. 
A small extemal pull-down resistor (approx B.2kohm) from RST to VS5 permits power-on reset 
when a capacitor (approx 10uF) is also connected from this pin to Vee. 


ALE 
30 
33 
I/O 
Address 
Latch Enable: Output pulse for latching the low byte of the address during an access to 


extemal memory. In normal operation, ALE is emitted at a constant rate of 1/6 the oscillator 
frequency, and can be used for external timing or clocking. Note that one ALE pulse is skipped 
during each access to external data memory. 


"F'SE'J 
29 
32 
0 
Program Store Enable: The read strobe to external program memory. When the device is 
executing code from the extemal program memory, "F'SE'J is activated twice each machine c~ 
except that two "F'SE'J activations are skipped during each access to external data memory. 
is not activated during fetches from internal program memory. 


EA 
31 
35 
I 
External Access 
Enable: EA must be externally held low to enable the device to fetch code from 
extemal program memory locations OOOOHand 1FFFH. If EA is held high, the device executes 
from internal program memory unless the program counter contains an address greater than 
1FFFH. 


XTAL1 
19 
21 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator circuits. 


XTAL2 
1B 
20 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


OSCILLATOR 
CHARACTERISTICS 
XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol. 


To drive the device from an extemal clock 
source, XTAL2 should be driven while XTAL1 


is connected to ground. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 


RESET 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles 
(24 oscillator periods), while the oscillator is 
running. 


PARAMETER 
RATING 
UNIT 


Storage temperature range 
-65 to +150 
'C 


Voltage on any other pin to V55 
--{).5 to +7.0 
V 


Input, output current on any single pin 
10 
mA 


Power dissipation 
1.5 
W 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= O'C to +70'C or -40'C 
to +B5'C, Vee = 5V ±10%, Vss = OV4,5 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


V1L 
Input low voltage 
--{).5 
O.B 
V 


VIH 
Input high voltage; except XTAL2, RST 
2.0 
Vee+0.5 
V 


V1Hl 
Input high voltage to RST for reset, XTAL2 
.. 
XTAL1 toVss 
2.5 
Vee+0.5 
V 


VOl. 
Output low voltage; ports 1, 2, 36 
IOL= 1.6mA 
0.45 
V 


VOLI 
Output low voltage; port 0, ALE, PSE1'16 
IOL=3.2mA 
0.45 
V 


VOH 
Output high voltage; ports 1, 2, 3 
IOH=-801J.A 
2.4 
V 


VOHI 
Output high voltage; port 0 in extemal bus mode, ALE, 
IOH=-4001J.A 
2.4 
V 
!'SEW 


IlL 
Logical 0 input current; ports 1, 2, 3 
VIN= 0.45V 
-800 
IJ.A 


IIHI 
Input high current to RST for reset 
VIN=Vee-1.5V 
500 
IJ.A 


III 
Input leakage current; port 0, EA 
0.45 < V1N< Vee 
±10 
IJ.A 


11L2 
Logical 0 input current for XTAL2 
XTAL1 = VSS:VIN = 0.45V 
-3.2 
mA 


Ice 
Power supply current 
All outputs disconnected 
175 
mA 


and 'EA= Vee 


CIO 
Pin capacitance 
fe = 1MHz, Tamb= 25'C 
10 
pF 


VIH 
Input high voltage; except XTAL2, RST 
2.2 
Vee+0.5 
V 


VIHI 
Input high voltage to RST for reset, XTAL2 
XTAL1 toVss 
2.7 
V 


11L2 
Logical 0 input current for XTAL2 
XTAl1 = VSS,vin= 0.45V 
-3.5 
mA 
NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 
2. 
For operating at elevated temperatures, the device must be derated based on +150'C maximum junction temperature. 
3. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 


charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


4. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to VS5 unless otherwise 
noted. 


5. All voltage measurements are referenced to ground. For testing, all input signals swing between 0.45V and 2.4V with a transition time of 
20ns maximum. All time measurements are referenced at input voltages of O.BVand 2.0V and at output voltages of O.BVand 2.0V as 
appropriate. 


6. VOL is derated when the device rapidly discharges extemal capacitance. This AC noise is most pronounced during emission of address 
data. When using extemal memory, locate the latch or buffer as close as possible to the device. 


Emitting 
Degraded 


Datum 
Porta 
VO Lines 
VOL (Peak Max) 


Address 
P2, PO 
P1, P3 
O.BV 


Write Data 
PO 
P1, p3, ALE 
O.BV 


7. 
CL = 100pF for port 0, ALE and PSEI'I outputs: CL = BOpFfor all other ports. 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°Cto +70°C or -40°C to +85°C, VCC = 5V t10%, Vss = OV1,2 


12MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1ltcLCL 
Oscillator frequency: 
Speed Versions 
SCN8052 
C 
3.5 
12 
MHz 


32MAB8052132 
-2 
3.5 
12 
MHz 
SCN8052 
F 
3.5 
15 
MHz 


32MAF8052132 
-2 
3.5 
12 
MHz 


It.HLL 
1 
ALE pulse width 
127 
2tcLCL-40 
ns 


tAVLL 
1 
Address valid to ALE low 
43 
1cLCL-40 
ns 


It.LAX 
1 
Address hold after ALE low 
48 
1cLCL-35 
ns 


It.uv 
1 
ALE low to valid instruction in 
233 
41cLCL-100 
ns 


It.LPL 
1 
ALE low to "PSEIiIlow 
58 
1cLCL-25 
ns 


tPLPH 
1 
"PSEIiIpulse width 
215 
31cLCL-35 
ns 


tpuv 
1 
"PSEIiIlow to valid instruction in 
125 
31cLCL-125 
ns 


!PXIX 
1 
Input instruction hold after "PSEIiI 
0 
0 
ns 


tPXIZ 
1 
Input instruction float after "PSEIiI 
63 
1cLCL-20 
ns 


tAVIV 
1 
Address to valid instruction in 
302 
51cLCL-115 
ns 


tpLAZ 
1 
"PSEIiIlow to address float 
" 
20 
20 
ns 


tpXAv 
1 
"PSEIiIto address valid 


.. 
75 
1cLCL-8 
ns 


Data Memory 


tRLRH 
2,3 
RO pulse width 
400 
61cLCL-100 
ns 


tWLWH 
2,3 
WR pulse width 
400 
61cLCL-100 
ns 


tRLDV 
2,3 
RO low to valid data in 
252 
51cLCL-165 
ns 


tRHDX 
2,3 
Data hold after RO 
0 
0 
ns 


'RHDZ 
2,3 
Data float after RO 
97 
2tcLCL-70 
ns 


It.LDV 
2,3 
ALE low to valid data in 
517 
81cLCL-150 
ns 


tAVDV 
2,3 
Address to valid data in 
585 
91cLCL-165 
ns 


It.LWL 
2,3 
ALE low to RO or WR low 
200 
300 
31cLCL-50 
31cLCL+50 
ns 


tAVWL 
2,3 
Address valid ;0 WR low or RO low 
203 
41cLCL-130 
ns 


tevwx 
2,3 
Data valid to WR transition 
23 
1cLCL-BO 
ns 


teVWH 
2,3 
Data valid to WR high 
433 
71cLCL-150 
ns 


tWHQX 
2,3 
Data hold after WR 
33 
1cLCL-50 
ns 


tRLAZ 
2,3 
RO low to address float 
20 
20 
ns 


tWHLH 
2,3 
RO or WR high to ALE high 
43 
123 
1cLCL-40 
1cLCL+40 
ns 


External Clock 


1cHCX 
5 
High time 
20 
20 
ns 


1cLCX 
5 
Low time 
20 
20 
ns 


1cLCH 
5 
Rise time 
20 
20 
ns 


1cHCL 
5 
Fall time 
20 
20 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and "PSEIiI= 100pF, load capacitance for all other outputs = 80pF. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
Q - 
Output data 


first character is always'!' 
(= time). The other 
R - RO signal 


characters, depending on their positions, 
t 
- 
Time 


indicate the name of a signal or the logical 
V - 
Valid 


stalus of that signal. The designations are: 
W - 
WR signal 


A - 
Address 
X - 
No longer a valid logic level 


C - 
Clock 
Z - 
Aoat 


o - 
Input data 
Examples: 
tAVLL= Time for address valid 


H - 
Logic level high 
to ALE low. 
I 
- 
Instruction (program memory contents) 
!LLPL= Time for ALE low to 


L - 
Logic level low, or ALE 
J5SEI\Ilow. 


P - 
J5SEI\I 


OUTPUT 
DATA, 
t 
WRITE 
TO SBUF 


I 
-II-IXHQX I 


taVXH I-----+i I 


INPUT 
DATA 
~ 
CLEARRI 


2.4V~::: 
>C 


O.45V 
~--------_. 


NOTE: 
AC inputs 
during 
testing 
are driven 
at 2.4V for a logic '1' and O.45V for a logic '0'. 
Twning measurements 
are made at 2.QV min for a logic '1' and a.8V for a logic '0'. 


FLOAT ----~I 


2.0V 


OASV 


NOTE: 
For timing 
purposes, 
the float state is defined 
as the point at which 
a PO pin 


sinks 2.4mA or sources 4~ 
at the voltage test levels. 


80C51-Based 
8-Bit Microcontrollers 


Section 8 
Development 
Support Tools 


Development support tools 
..............................•..•................... 
1276 


DB-51 CEIBO Development Board .........•..•..•.............•................. 
12B5 


DS·51 CEIBO In-Circuit Emulator .......•.................................•...... 
12B7 


DS·750 CEIBO Emulator ...........•......................•.................... 
1295 


DS-752 CEIBO Emulator ........•..•................•..•..•..........•......... 
1297 


MP-51 CEIBO Programmer .......................................•...•......... 
1299 


MetaLink iceMASTER·PE B051 Family In·Circuit Emulator 
, 
, 
1301 


MetaLink iceMASTER B051 Family In·Circuit Emulators 
.............•.•..•..•...... 
1305 


NOHAU EMUL51-PC PC-Based In-Circuit Emulator 
1319 


LPC BOC51 Family Programmers ................................•..•.......•.... 
1329 


PDS51 Development System for BOC51and Derivatives .......................•.... 
1331 


SB7COOKSDBOC51-12C Bus Evaluation Board ..............................•.... 
1335 


OM4129 Symbolic Debugging Package XRAY51 for the SDS B051 Emulator 
.....•.... 
1336 


OM4136 B051 C Cross-Compiler 
1339 


OM4142 (ASM51) Cross Assembler Package for BOC51/B051-based Systems 
1341 


OM4144 (PLMTI51) PLIM-51 Compiler Package for BOC51/B051·based Systems 
1343 


SDS B051 Standalone Debug Station for BOC51/B051-based Systems 
1346 


DEVELOPMENT SUPPORT 
TOOLS 
Philips Semiconductors manufactures 
support tools and also works closely with 
many "third-party" vendors who provide 
support tools for our wide variety of 
80C51-based microcontroller derivatives. 


Development Systems 
In most cases, development systems are 
available in two versions for ROM and 
ROMless applications. The ROM emulation 
products are capable of supporting all 
versions of a given device type, including 
EPROM, ROM, and ROMless devices. In 
contrast, a ROMless emulator can only 
support applications designed for a ROMless 
microcontroller. Most development systems 
are designed to connect to an IBM-PC or 
compatible personal computer. 


EPROM Programming Support 
Philips Semiconductors works closely with 
major suppliers of EPROM programming 
equipment to support our family of EPROM 
microcontrollers. As a result, EPROM 
programming support is available within the 
programming facilities of many major 
distributors. 


The following is a list of vendors that offer 
support for Philips Semiconductors 80C51 
microcontroller family. 


COMPANY 
ADDRESS 
TELEPHONE 


Ashling Microsystems Limited 
Plassey Technological Park 
(353) 63-334466 


Limerick, Ireland 


BSOTasking 
128 Technology Center 
(617) 894-7800 


P.O. Box 9164 
Waltham, MA 02254-9164 


Ceibo Ltd. 
105 Gleason Rd. 
(617) 863-9927 


Lexington, MA 02173 


Merkazim Building, Industrial Zone 
972-52-555387 


P.O. Box 2106 
Herzelia 46120, ISRAEL 


Nohau Corp. 
51 E. Campbell Ave. 
(408) 866-1820 


Campbell, CA 95008 


MetaLink Corp. 
325 E. Elliot Road, Suite 23 
(602) 926-<l797 


Chandler, AZ 85225 


Philips Semiconductors 
Corporate Centre 
31-40-724223 


Building BAE-2 
P.O. Box 218 
5600 MD Eindhoven 
The Netherlands 


SIGNUM Systems 
171 E. Thousand Oaks Blvd., 
(805) 371-4608 
#202 
Thousand Oaks, CA 91360 


COMPANY 
ADDRESS 
TELEPHONE 


Advin Systems 
1050-L East Duane Ave. 
(408) 736-2503 


Sunnyvale, CA 94086 


BP Microsystems 
10681 Haddington #190 
(800) 225-2102 


Houston, TX 77043 
(713) 461-9430 


Data 1/0 Corp. 
10525 Willows Road N.E. 
(206) 881-6444 


P.O. Box 97046 
Redmond, WA 98073-9746 


Logical Devices, Inc. 
1201 Northwest 65th Place 
(305) 974-0967 


Ft. Lauderdale, FL 33309 


Logical Systems 
P.O. Box 6184 
(315) 478-0722 
Syracuse, NY 13217-6184 


Needham's Electronics 
4535 Orange Grove Ave. 
(916) 924-8037 


Sacramento, CA 95841 


North Valley Products 
P.O. Box 32899 
(408) 929-5345 
San Jose, CA 95152 


Strebor Data Communications 
1008 N. Nob Hill 
(801) 756-3605 


American Fork, UT 84003 


COMPANY 
ADDRESS 
TELEPHONE 


Franklin Software, Inc. 
888 Saratoga Ave. #2 
(408) 296-8051 


San Jose, CA 95129 


Archimedes Software, Inc. 
2159 Union SI. 
(415) 567-4010 


San Francisco, CA 94123 


BSOfTasking 
Tasking Software BV 
31-33-55-85-84 (Telephone) 


P.O. Box 899 
31-33-55-00-33 (Fax) 


3800 AW Amersfoort 
The Netherlands 


BSOTasking 
(617) 894-7800 (Telephone) 


128 Technology Center 
(617) 894-0551 (Fax) 


P.O. Box 9164 
(710) 324-0760 (Telex) 


Waltham, MA 02254-9164 
(800) 458-8276 (Toll Free) 


PRODUCT 
DEVICES SUPPORTED 


NOHAU CORPORATION 


EMUL51-PC/E32 
12MHz Emulator, 32k emulation memory 


EMUL51-PC/E128 
12MHz Emulator, 128k emulation memory 


EMUL51-PC/E32-16 
16MHz Emulator, 32k emulation memory 


EMUL51-PC/E128-16 
16MHz Emulator, 128k emulation memory 
EMUL51-PC/E128-20 
20MHz Emulator, 128k emulation memory 


EMUL51-PC/E128-24 
24MHz Emulator, 128k emulation memory 


EMUL51-PC/E128-30 
30MHz Emulator, 128k emulation memory 


EMUL51-PC/E128-33 
33MHz Emulator, 128k emulation memory 


EMUL51-PC/E128-BSW 
12MHz Emulator, 128k bankswitched CODE memory 


EMUL51-PC/E128-BSW-16 
16MHz Emulator, 128k bankswitched CODE memory 


EMUL51-PC/E128-BSW-24 
24MHz Emulator, 128k bankswitched CODE memory 


EMUL51-PC/E256-BSW 
12MHz Emulator, 256k bankswitched CODE memory 


EMUL51-PC/E256-BSW-16 
16MHz Emulator, 256k bankswitched CODE memory 
EMUL51-PC/E256-BSW-24 
24MHz Emulator, 256k bankswitched CODE memory 


POD-C054 
12MHz 83C053, 83C054, 87C054, 87C055 pod 


POD-31 
12MHz 8031 pod 


POD-C31 
12MHz 80C31 pod 


POD-C31-1 
16MHz 80C31 pod 


POD-C31-20 
20MHz 80C31 pod 


POD-C31-24 
24MHz 80C31 pod 


POD-C31-30 
30MHz 80C31 pod 


POD-C31-33 
33MHz 80C31 pod 


POD-32 
12MHz 8032 pod 


POD-C32 
12MHz 80C32 pod 


POD-C32-16 
16MHz 80C32 pod 


POD-C652 
12MHz 80C652 pod 


POD-C652-16 
16MHz 80C652 pod 


POD-C51B 
12MHz bondout pod for 8051, 80C51, 83C552, 83C652, 83C654, 83C851, 
and EPROM or ROMless versions of the above 


POD-C51B-16 
16MHz bondout pod for 8051, aOC51, 83C552, 83C652, 83C654, 83C851, and EPROM or ROMless 
versions of the above 


POD-C51B-24 
24MHz version of the above 


POD-C52 
12MHz 80C32, 80C52, 87C52 


POD-C52-16 
16MHz 80C32, 80C52, 87C52 


POD·CL410 
12MHz 80CL31, 80CL51, 83CL410, 83CL610 


POD-C451-DIP 
12MHz 80C451 DIP pod 


POD-C451-DIP-16 
16MHz 80C451 DIP pod 


POD-C451-PGA 
12MHz 80C451 PLCC pod (PGA from pod) 


POD-C451-PGA-16 
16MHz 80C451 PLCC pod (PGA from pod) 


POD-C451 B-PGA 
12MHz bondout pod for 83C451 , 87C451, 80C451 PLCC (PGA from pod) 
POD-C451B-PGA-16 
16MHz bondout pod for 83C451 , 87C451, 80C451 PLCC (PGA from pod) 


POD-C528 
12MHz 83C524, 87C524, 83C528, 87C528 


POD-C528-16 
16MHz 83C524, 87C524, 83C528, 87C528 


MICROCONTROLLER 
DEVELOPMENT 
SYSTEMS 
(Continued) 


PRODUCT 
DEVICES SUPPORTED 


NOHAU CORPORATION (Continued) 


POD-C550-PGA 
12MHz 80C550, 83C550, 87C550 
POD-C550-PGA-16 
16MHz 80C550, 83C550,87C550 


POD-C552-PGA 
12MHz 80C552 PLCC (PGA from pod) 
POD-C552B-PGA 
12MHz bondout pod for 83C552, 87C552, 80C552 PLCC (PGA from pod), 80C562, 83C562 


POD-C552B-PGA-16 
16MHz bondout pod for 83C552, 87C552, 80C552 PLCC (PGA from pod), 80C562, 83C562 
POD-C552B-PGA-24 
24MHz pod for 83552, 87C552, 80C552 
POD-C575 
12MHz 87C575 
POD-C558-16 
16MHz 83CE558, 89CE558 pod 
POD-CL580 
12MHz bondout POD for 83CL580 


POD-C592-PGA 
POD-C592-PGA-16 


POD-C652B 
POD-C851B 


POD-C751 
POD-C751-16 
POD-C752 
POD-C752-16 
POD-CL782 


EMUL51-PCrrR4 
EMUL51-PCrrR16 
EMUL51-PCrrR4-16 
EMUL51-PCrrR16-16 


EMUL51-PCrrR16-20 
EMUL51-PCrrR16-24 
EMUL51-PCrrR16-30 
EMUL51-PCrrR16-33 


EMUL51-PC/ATR64·16 
EMUL51-PC/ATR256-16 
EMUL51-PC/ATR64-24 
EMUL51-PC/ATR256-24 
EMUL51-PC/ATR64-33 
EMUL51-PC/ATR256-30 


EMUL51-PCIBOX-CS 
EMUL51-PCIBOX-CS-20 
EMUL51-PCIBOX-CS-24 
EMUL51-PCIBOX-CS-30 


EMUL51-PCIBOX-S 


METAUNK CORPORATION 


IM-8051/200-20 
IM-8051 1400-20 


128KUP 
752/1 PGMPC 


8031-12PC 
8031-16PC 
8031-20PC 
8031-24PC 
8032-12PC 
8032-16PC 
8032-20PC 


12MHz 80C592, 83C592, 87C592 pod 
16MHz 80C592, 83C592, 87C592 pod 


Order as POD-C51 B 
Order as POD-C51 B 


12MHz 83C750, 87C750, 83C751, 87C751 pod 
16MHz 83C750, 87C750, 83C751, 87C751 pod 
12MHz 83C752, 87C752 pod 
16MHz 83C752, 87C752 pod 
12MHz 83CL781, 83CL782, 83CL52 pod 


12MHz 4k trace buffer option 
12MHz 16k trace buffer option 
16MHz 4k trace buffer option 
16MHz 16k trace buffer option 


20MHz 16k trace buffer option 
24MHz 16k trace buffer option 
30MHz 16k trace buffer option 
33MHz 16k trace buffer option 


16MHz 64k Advanced Trace Option 
16MHz 256k Advanced Trace Option 
24MHz 64k Advanced Trace Option 
24MHz 256k Advanced Trace Option 
33MHz 64k Advanced Trace Option 
30MHz 256k Advanced Trace Option 


Serial box with emulator (E128-16) and trace (TR16-16) 
Serial box with emulator (E128-20) and trace (TR16-20) 
Serial box with emulator (E128-24) and trace (TR16-24) 
Serial box with emulator (E128-30) and trace (TR16-30) 


Box with serial port and cable. Box allows operation of emulator ex1emalto PC. 


iceMASTER-8051 
emulator Model 200, 32K emulation memory, 20MHz 
iceMASTER-8051 
emulator Model 400, 32K emulation memory, 4K trace buffer, 
2 performance analyzers, 20MHz 
iceMASTER-8051 
emulator Model 400, 128K emulation memory, 4K trace buffer, 


2 performance analyzers, 24MHz 


128K memory expansion option for iceMASTER-8051 
Programmer accessory for iceMASTER to program 87C751, 87C752 


0.5 to 12MHz 8031, 80C31 
0.5 to 16MHz 8031, 80C31 
0.5 to 20MHz 8031, 80C31 
0.5 to 24MHz 8031, 80C31 
0.5 to 12MHz 8031, 80C31 , 8032, 80C32 
0.5 to 16MHz 8031, 80C31 , 8032, 80C32 
0.5 to 20MHz 8031, 80C31 , 8032, 80C32 


PRODUCT 
I 


METALINK CORPORATION (Continued) 


8032-24PC 
8052-12PC 
8052-16PC 
8041Q--12PC 


80451-12PC 
80451-16PC 
80528-12PC 
80528-16PC 
80552-12PC 
80552-16PC 
80652-12PC 
80652-16PC 
80851-12PC 
83053-12PC 
83451-12PC 
83528-12PC 
83528-16PC 
8355Q--10PC 
83552-12PC 
83552-16PC 
83652-12PC 
83652-16PC 
83654-12PC 
83654-16PC 
83751-12PC 
83751-16PC 
83752-12PC 


0.5 to 24MHz 8032, 80C32, 8031, 80C31 
0.5 to 12MHz 8031, 80C31 , 8032, 80C32, 8051, 8751, 80C51 , 87C51 , 8052, 8752, 80C52, 87C52 
0.5 to 16MHz 8031, 8OC31, 8032, 80C32, 8051, 8751, 80C51 , 87C51 , 8052, 8752, 80C52, 87C52 
0.5 to 12MHz 80CL410 
1.2 to 12MHz 80C451 
1.2 to 16MHz 80C451 
1.2 to 12MHz 80C528 
1.2 to 16MHz 80C528 
1.2 to 12MHz 80C552, 80C562 
1.2 to 16MHz 80C552, 80C562 
1.2 to 12MHz 8031, 80C31 , 80C652 
1.2 to 16MHz 8031, 80C31, 80C652 
1.2 to 12MHz 8031, 80C31 , 80C851 
6 to 12MHz 83C053, 83C054, 87C054 
1.2 to 12MHz 80C451 , 83C451, 87C451 
1.2 to 12MHz 80C528, 83C528, 87C528, 83C524, 87C524 
1.2 to 16MHz 80C528, 83C528, 87C528, 83C524, 87C524 
1.2 to 1OMHz 80C550, 83C550, 87C550 
1.2 to 12MHz 80C552, 83C552, 87C552, 80C562, 83C562 
1.2 to 16MHz 80C552, 83C552, 87C552, 80C562, 83C562 
1.2 to 12MHz 80C652, 83C652, 87C652, 80C552, 83C552, 87C552, 80C562, 83C562 
1.2 to 16MHz 80C652, 83C652, 87C652, 80C552, 83C552, 87C552, 80C562, 83C562 
1.2 to 12MHz 80C652, 83C652, 87C652, 83C654, 87C654, 80C552, 83C552, 87C552, 80C562, 83C562 
1.2 to 16MHz 80C652, 83C652, 87C652, 83654, 87C654, 80C552, 83C552, 87C552, 80C562, 83C562 
0.5 to 12MHz 83C751, 87C751 
0.5 to 16MHz 83C751, 87C751 
0.5 to 12MHz 83C752, 87C752 


PHILIPS SEMICONDUCTORS 
PROBE 


ADAPTER 
CTYPE 
SUPPORTS 
ADAPTER 
SUPPORTS 


Probe! 
Probe base 
Probe Head 
OIL 
PLCC 
QFP 
Mise 
OIL 
PLCC 
QFP 


Core 
C51 
CMOS 
OM1092 
I 
I 
I 


SOC 


8XC 
053 
CMOS 
OM5054 
42 


8XC 
054 
CMOS 
OM5054 
42 
44 
42 
44 


80C 
31 
CMOS 
OM1092 
+OM1097 
40 
44 
+OM4117 
- 
- 
44 


80C 
51 
CMOS 
OM1092 
+OM1097 
40 
44 
+OM4117 
- 
- 
'44 


80C 
32 
CMOS 
OM1079 
+OM5012 
40 


80C 
52 
CMOS 
OM1079 
+OM5012 
40 


8XC 
451 
CMOS 
OM4123 
- 
66 
+OM4124 
64 
- 
- 


8XC 
528 
CMOS 
OM4110 
+OM4111 
40 
44 
+OM4117 
- 
- 
44 


8XC 
550 
CMOS 
OM4110 
+OM5055 
40 
44 
40 
44 


8XC 
552 
CMOS 
OM1092 
+OM1095 
- 
66 
+OM4118 
- 
- 
50 


8XC 
562 
CMOS 
OM1092 
+OM1095 
- 
66 
+OM4118 
- 
- 
50 


8XC 
575 
CMOS 


8XC 
592 
CMOS 
OM4110 
+OM4112 
- 
66 


8XC 
652 
CMOS 
OM1092 
+OM1096 
40 
44 
+OM4117 
- 
- 
44 


8XC 
654 
CMOS 
OM1092 
+OM1096 
40 
44 
+OM4117 
- 
- 
44 


8XC 
750 
CMOS 


8XC 
751 
CMOS 
OM1094 
524 
28 
+OM4117 
524 
28 


8XC 
752 
CMOS 
OM5072 
28 
28 
28 
28 


8XC 
851 
CMOS 
OM1092 
40 
44 
+OM4117 
- 
- 
44 


8XC 
852 
CMOS 
OM4119 
+ OM4118/1 
- 
- 
- 
c_less 


+OM411812 
- 
- 
- 
Iso 


+OM411813 
- 
- 
- 
minor 


SOCE 


8XCE 
556 
CMOS 
OM4110 
+OM4271 
- 
- 
- 
- 
+OM4115 
- 
- 
60 


8XCE 
598 
CMOS 
OM4110 
+OM4114 
- 
- 
- 
- 
+OM4115 
- 
- 
60 


8XCE 
654 
CMOS 
OM1092 
+OM1096 
- 
- 
- 
- 
+OM4115 
- 
- 
44 


SOCL 


80CL 
31 
SAC CMOS 
OM1079 
40 


80Cl 
51 
SAC CMOS 
OM1079 
40 


80Cl 
32 
SAC CMOS 
OM1079 
+OM5012 
40 


80Cl 
52 
SACMOS 
OM1079 
+OM5012 
40 


8XCl 
167/267 
SACMOS 
OM1079 
+OM4840 
S64 
S64 


8XCl 
168/268 
SACMOS 
OM1079 
+OM4840 
S64 
S64 


8XCl 
410 
SACMOS 
OM1079 
40 
40 


8XCl 
411 
SACMOS 
OM1079 
40 
64P 


8XCl 
500 
SACMOS 
OM1097 
+OM5004 
- 
- 
- 
conn, 
- 
- 
64 


8XCl 
751 
SACMOS 
OM1079 
+OM5012 
40 


8XCl 
752 
SACMOS 
OM1079 
+OM5012 
40 


PROGRAMMER 


. 


ADAPTER 


SUPPORTS 
SUPPORTS 
REMARKS 


Programmer 
OIL 
PLCC 
QFP 
Mise 
Adapter 
OIL 
PLCC 
QFP 
I 
I 
'. 


80C 


42 


42 
44 


OM4232 
40 
44 
- 
- 
OM4236 
- 
- 
44 


OM4232 
40 
44 
- 
- 
OM4236 
- 
- 
44 


OM4231 
- 
66 
- 
- 


OM4232 
40 
44 
- 
- 
OM4236 
- 
- 
44 


40 
44 
- 
- 


OM4231 
- 
66 
- 
- 
OMXXXX 
- 
- 
80 
Attention: 87C562 does not exist 


OM4232 
OM4235 
- 
- 
65 


OM4232 
40 
44 
- 
- 
OM4236 
- 
- 
44 
Attention: The 87C652 is in fact a 87C654 marked 


OM4232 
40 
44 
- 
- 
OM4236 
- 
- 
44 
as 87C652 


OM4231 
XX 
XX 
- 
- 


OM4231 
XX 
XX 
- 
- 


OM4231 
XX 
XX 
- 
- 


Attenton: The 87851 dies not exist 


80CE 
- 
- 
- 
- 
OMXXXX 
- 
- 
80 
MTP verson is 89CE558 


(OM42327) 
- 
- 
- 
- 
OM4237 
- 
- 
80 


44 


80CL 


Attention: no erasable versions but ·piggybacks· 


(P85CLOOO,P85CL580, P85CL781) 


DEVICE 
MANUFACTURE~ODEL 
MODULE/ADAPTOR 
SOFTWARE VERSION 


87C054SDIP 
N. Valley Products 
SAM-054SD 


Philips, Ceibo MP-51 
PPA-054SD 


87C51 DIP 
Advin Sailor-PAUSA, /SB 
, 
Adaptor-8751 


BP Microsystems Ep-1140 
Ceibo MP-51 (PMP51SD) 
PPA-51XSD 


Data I/O Unisite 40 
V2.2 


Data I/O Unipak 2b 
351Bl03 
V16 


Data I/O Series 1000 
SR40 
V05 (Use Intel 87C51 menu) 
Logical Devices ALL PRO 
Vl.47 
N. Valley Products SPGM-l00 
SAM~51SD 
Vl.0 


Philips LCPX5X40 (P8051 LCP40) 
Strebor PLP-S1A 
MC4851DIP 


87C51 PLCC 
Ceibo MP-51 (PMP51SD) 
PPA-51XSD 


Data I/O Unisite 40 
Chipsite 
V2.3 


Data I/O Unipak 2b 
351Bl03P 
V16 


Logical Devices ALLPRO 
Required 
Vl.47 
N. Valley Products SPGM-l00 
SAM-51ASD 
Vl.0 


Philips LCPX5X40 (P8051 LCP40) 


87C52 DIP 
BP Microsystems EP-1140 
Ceibo MP-51 (PMP51SD) 
PPA·XSD 


Data I/O 29B, Unipak 2b 
351Bl03 
V23 


Data I/O Unisite 40 
V3.1 


N. Valley Products SPGM-l00 
SAM-52SD 


Philips LCPX5X40 (P8051 LCP40) 


87C451 DIP 
Ceibo Mp-51 (PMP51SD) 
PPA-451SD 
Logical Devices ALLPRO 
PPRequired 
Vl.47 
N. Valley Products SPGM-l00 
SAM-451SD 
V1.0 
"'.,. 


87C451 PLCC 
Advin Sailor-PAUSA, /SB 
Adaptor -87451 


Ceibo Mp-51 (PMP51SD) 
PPA-451ASD 


N. Valley Products SPGM-l 
00 
SAM-451ASD 
Vl.0 


Data I/O Unisite 
Chipsite 
V2.8 


Philips LCPX5X (P8051 LCPX) 


87C528 DIP 
BP Microsystems EP-1140 
CeiboMP-51 
PPA-XSD 


N. Valley Products SPGM-l00 
SAM-528 


Philips LCPX5X40 (P8051 LCP40) 


87C528 PLCC 
Ceibo Mp-51 (PMP51SD) 
PPA-51XSD 


N. Valley Products SPGM-l00 
SAM-528A 


Philips LCPX5X40 (P8051 LCP40) 


87C552 
Ceibo MP-51 (PMP51SD) 
PPA-552ASD 


N. Valley Products SPGM-l00 
SAM-552ASD 
V2.2 
Data I/O Unisite 
Chipsite 
V3.1 


Philips LCPX5X (P8051 LCPX) 


87C652 DIP 
BP Microsystems EP-1140 
CeiboMP-51 
PPA-51XSD 


N. Valley Products 
SAM-52SD 


Philips LCPX5X40 (P8051 LCP40) 


87C652 PLCC 
Ceibo MP-51 (PMP51SD) 
PPA-51XSD 


Philips LCPX5X40 (P8051 LCP40) 


87C654 DIP 
BP Microsystems EP-1140 
Ceibo MP-51 (PMP51SD) 
PPA-51XSD 


N. Valley Products SPGM-l00 
SAM-654SD 


Philips LCPX5X40 (P8051 LCP40) 


87C654 PLCC 
Ceibo MP-51 (PMP51SD) 
PPA-51XSD 


Philips LCPX5X40 (P8051 LCP40) 


DEVICE 
MANUFACTURE~ODEL 
MODULE/ADAPTOR 
SOFTWARE VERSION 


87C751 DIP 
Advin Sailor·PAUSA, /SB 
EM-751 
BP Microsystems Ep-1140 
HEAD-40A 
Ceibo MP-51 (PMP51SD) 
PPA-751SD 
Data I/O Unisite 40 
V2.3 


Data VO 29B, Unipak 2b 
351Bl13D 
29B V6, Unipak 2B V20 


Logical Devices ALLPRO 
OPTAPC-751 
V1.47 
N. Valley Products SPGM-100 
SAM-751SD 
V1.0 
Needham's Electronics 
MetaLink 
752/1 PGMPC 
V2.6a (use with MicroICE+) 


Logical Systems (Sunshine EW-901) 
PA751 
Philips LCPX5X (P8051 LCPX) 
Strebor PLp·S1A 
MC7512DIP 


87C751 PLCC 
Ceibo Mp-51 (PMP51SD) 
PPA-51XSD 
Data I/O Unisite 40 
Chipsite 
V2.6 


Logical Devices ALLPRO 
Required 
V1.47 
N. Valley Products SPGM-100 
SAM-751ASD 
V1.0 


87C752 DIP 
Advin Sailor-PAUSA, /SB 
EM-751 
BP Microsystems EP-1140 
HEAD-40A 
Ceibo MP-51 (PMP51SD) 
PPA-752SD 
Data I/O Unisite 40 
V2.6 
N. Valley Products SPGM-100 
SAM-752SD 
V1.0 (Use Type 751) 
Needham's Electronics 
MetaLink 
752/1 PGMPC 
V2.6a (use with MicroICE+) 


Logical Systems (Sunshine EW-901) 
PA751 
Logical Devices ALLPRO 
OPTAPC-752 
Philips LCPX5X (P8051 LCPX) 
Strebor PLp·S1A 
MC7512DIP 


87C752 PLCC 
Ceibo MP-51 (PMP51SD) 
PPA-752ASD 
Data I/O Unisite 40 
Chipsite 
V2.8 


N. Valley Products SPGM-100 
SAM-752ASD 
V1.0 (Use Type 751) 


NOTE: 
Philips programmers are available in the U.S.A. through Philips Semiconductors distributors. 


DEVICE 
MANUFACTURER 
MODULE/ADAPTOR 
COMMENTS 


87C51/5216521 
Logical Systems 
PA51-44 
Use with any 40-pin microcontroller programming site that supports the 
654/528 
PLCC 
appropriate EPROM size. 


87C5115216521 
PA52-0FP 
Use with any 40-pin microcontroller programming site that supports the 
654/5280FP 
appropriate EPROM size. 


87C451 DIP 
PA451-64 
Use with any 87C51 40-pin programming site. 
87C451 PLCC 
PA451-68 
Use with any 87C51 40-pin programming site. 


87C550 DIP 
550BASE 
Use with any 87C51 40-pin programming site. 


87C550 PLCC 
PA55Q-44 
Use with any 87C51 40-pin programming site. 


87C552 PLCC 
PA552-68 
Use with any 8752/C521C2521C51 
FA 40-pin programming site. 


87C752 PLCC 
PA28-28 
Use with any 87C752 28-pin DIP programmer. 


87C751 PLCC 
Philips 
No part number 
This adapter allows programming the 87C751 PLCC part in conjunction 


assigned 
with any programmer that can already program the DIP version of the part. 


PRODUCT 
DEVICES SUPPORTED 
MANUFACTURER 
DESCRIPTION 


8051 C Compiler 
8051 and derivatives 
Franklin Software 
C Compiler for 8051 family 


8051 C Compiler 
8051 and derivatives 
Archimedes Software 
C Compiler for 8051 family 


80C51 C Compiler 
8051 and derivatives 
BSOlTasking 
C Compiler for 8051 family 


P8051DB 
8051 and derivatives 
Ceibo 
80C51 Family Development Board 


S87COOKSD 
-- 
Philips 
12CDemonstration Board. 87C751 controls various 12C 
peripherals. Board has sockets for 87C752, 87C652, and 
87C552 also. 


-- 
-- 
Philips 
The Philips computer Bulletin Board system has available a 
microcontroller newsletter, application and demonstration 


. 
programs for download, and the ability to send messages to 
microcontroler applications engineers. Access by modem at 
2400, 1200, or 300 baud. The telephone numbers are: 
(800) 45H3644 
(in the U.S.) or (408) 991-2406. 


SMI-GNV451SD 
80/83187C451 
Philips 
Philips product adapts a PLCC emulator plug for the 80C451 to 
the DIP pinout. 


DB-51 
CEIBO Development Board 


DB-51 
is a high-performance 
system 
design 
board 
dedicated 
to the Philips 
80C51 
family 
of microcontrollers. 
It provides 
an 


easy-to-use 
flexible 
instrument 
which 
enables 
the user to build a primary 
prototype, 
analyze 
and debug 
it, make changes, 
and 
continue 
debugging. 
And you can improve 
your design 
decisions 
by using the DB-51 
to check 
and test the advantages 
of 
several 
different 
microcontrollers. 
The DB-51 
is also a great training 
and tutorial 
aid for becoming 
familiar 
with designs 
using the 
80C51 
architecture. 
Note that the DB-51 
is not intended 
to replace 
a full emulator 
system 
in complex 
microcontroller 
designs. 


• Supports 
most of the Philips 
8OC51 


derivative 
microcontrollers 


• Serially 
linked 
to IBM PC or 


compatible 
hosts 


• Examine 
and alter chip registers, 


RAM, and ports 


• Symbolic 
debugger 
compatible 
with 


linker object 
files 


• Source 
Level 
Debugger 
for 


Assembler, 
PLM and C. 


• Software 
Trace 
and Performance 


Analyzer 


• Upload 
and download 
of object 
and 


hex files 


• User's 
manual 
with examples 
and 


applications 
designed 
to familiarize 


the user with 8XC51 
architecture 
and 


programming 
as well as the use of the 


DB-51 
itself 


SPECIFICATIONS 


o 
1- -I 
Ip0mmN~(liil 


The DB-51 is a Development Board Kit to be used with a 
standard IBM-compatible. It includes the board itself, 
software, and user manual. 


System Memory 


DB-51 
provides 
32K of user code memory. 
This 
RAM 


memory 
permits 
downloading 
and modifying 
of users' 
programs. 


Breakpoints 
Breakpoints 
allow 
real-time 
program 
execution 
until an 


opcode 
is executed 
at a specified 
address. 


Symbolic Debugger 


DB-51 
allows 
symbolic 
debugging 
of assembler 
or high-level 


languages. 
The symbolic 
debugger 
uses symbols 
contained 


in the absolute 
file generated 
by the most commonly 
used 


relocator 
and linker programs. 


Supported Microcontrollers 


8X31/51, 
8X32/52, 
8XC31/51, 
8XC32/52, 
8XC652, 
8XC654, 
8XC851, 
8XC550, 
8XC552, 
8XC562, 
8XC451, 
8XC528, 
and 


others 
with extemal 
memory 
addressing 
and a UART are 


fully supported. 
8XCL410, 
8XC751 
and 8XC752 
have very 


limited 
support. 


Limitations 


"Fully supported" 
microcontrollers 
are self-debugging 
on the 


DB-51. 
Thus, 
some of the chip resources 
are used by the 


board: 
the monitor 
program 
uses the bottom 
32K of program 


memory; 
chips 
are ~ 
operated 
in the external 
memory 


mode; 
the UART 
is used to communicate 
to the PC and is 


thus not normally 
available 
to the user program; 
interrupt 


response 
is slowed 
slightly 
by re-vectoring 
from the monitor 


program 
to the user program; 
use of watchdog 
timers 
and 
power-down 
and idle modes 
of operation 
are limited 
due to 
interaction 
with the monitor 
program. 


"Limited 
support" 
microcontrollers 
do not have on-chip 


UARTs and most do not support 
external 
program 
memory. 


Thus, 
download 
of programs 
to these 
parts is not supported 


on the DB-51. 
The 87C751 
provided 
with the board 
is 


pre-programmed 
with a "micro' 
monitor 
program 
and some 


predefined 
experiments 
described 
in the user manual. 
Also, 


these 
parts use the 12C bus to communicate 
to the PC, 


limiting 
the use of 12C for other 
purposes. 


User Software 


The board 
is provided 
with a very easy-to-use 
menu-driven 


software 
program 
as well as command 
oriented 
user 
interface 
software. 
On-line 
assembler 
and disassembler 
are 


provided 
together 
with upload 
and download 
capabilities 
of 


hexadecimal 
and object 
files. 


Command Set 


ASM - BIT - BYTE - BREAKPOINT 
[enable, 
disable, 
reset) 


- CHIP 
[type]- 
CLS - CODE 
- DATA - DASM 
- DEFAULT 
- DIR - EVALUATE 
- EXIT - GO [from, 
till]- 
HALT - HELP 


- HISTORY 
- LINES 
- LIST [file]- 
LOAD 
[code, 
symbols]- 


LOCALS 
- MODULES 
- PORTS 
- PROCEDURES 
- 


PUBLICS 
- RBIT - RBYTE 
- REGISTERS 
- RESET 
- 


SAVE - SOUND 
- STATUS 
- STEP 
[n]- 
TIME 


Host Characteristics 


IBM PCIXT/AT 
or compatible 
system 
with 512 kbyte 
of RAM, 


one floppy 
disk drive, one RS-232 
interface 
board 
for the PC 


and cable, 
PC-DOS 
2.0 or later. 


Input Power 


7.5 VDC to 12.0 VDC (9 VDC wall transformer 
supplied). 


Mechanical 
Dimensions 


20cmx25cm 


Items Supplied as Standard 


DB-51 
board, 
80C552 
and 87C751 
microcontrollers, 
monitor 


EPROM, 
power 
supply, 
RS-232 
cable. 


User software 
including 
symbolic 
debugger, 
on-line 


assembler 
and disassembler. 


User's 
manual 
and operating 
instructions. 


Order 
part number 
P8051 DBSD 
from your 


local Philips 
Semiconductors 
Distributor. 


OS-51 
CEIBO In-Circuit Emulator 


DESCRIPTION 


OS-51 is a real-time in-circuit emulator dedicated to the 8051 family off microcontroller. It is serially linked 
to a PClXT/At or compatible host and carries out a transparent emulation on the target microcontroller. 


The system emulates almost every 8051 derivative in the complete voltage and frequency range specified 
by the microcontroller manufacturer. 


OS-51 also supports the new low-power and low-voltage 8051 microcontrollers and derivatives and can 
emulate the microcontrollers using either the built-in 5V power supply or any voltage applied to the target 
circuitry. This selection is done by means of software control. The permitted voltage range is from 1.5V to 
6V or higher. 


The software includes Source Level Debugger for PLM and C, a unique Assembler Debugger, Performance 
analyzer, On-line Assembler and Disassembler, Conditional Breakpoints and may other features. 


Files generated by the most common 8051 Assemblers and High-Level Language Compilers are accepted 
by the OS-51. 


Standard systems are supplied with 128 KBytes of intemal memory, 64K hardware breakpoints, 32K 
real-time trace memory and logic analyzer with extemal test points, and personality probe C51 supporting 
most of the 4O-pin DIP or 44-pin PLCC/QFP microcontrollers. 


PROBE 


C51 


C410 


C451 


C552 


C558 


C575 


C580 


C592 


C598 


C752 


C781 


C851 


MICROCONTROLLER 


8051,8751,8031,8052,8752,8032,80C51,87C51,80C31,80C52,87C52, 
80C32, 80C51 FA, 80C51 FB, 80C51 FC, 87C524, 
80C528, 
83C528, 
87C528, 
80C550,83C550,87C550,80C652,83C652,87C652,83C654,87C654 


80CL31, 
80CL51, 
80CL410, 
83CL410, 
80CL411, 
83CL411 from 1.5V to 6V 


80C451,83C451,87C451 


80C552,83C552,87C552,80C562,83C562,87C562 


80C558,83C558,89C558 


80C575,83C575,87C575,80C576,83C576,87C576 


80CL580, 
83CL580 
from 1.5V to 6V 


80C592,83C592, 
87C592 


80C598,83C598,87C598 


83C750,87C750,83C751,87C751,83C752,87C752 


80CL781, 
83CL781, 
80CL782, 
83CL782 
from 1.5V to 6V 


80C851, 
83C851 


Emulation Memory 


OS-51 provides 
128 KBytes 
of code memory 
with software 
mapping 
and banking 
capabilities. 


Hardware Breakpoints 


Up to 65536 
hardware 
breakpoints 
allow 
real-time 
program 
execution 
until 
an opcode 
is executed 
at a 


specified 
address 
line of your source 
code, 
data contents 
and read/write 
operation. 


Conditional Breakpoints 


A complete 
set of conditional 
breakpoints 
permit halting program 
emulation 
on code addresses, 
source code 
lines, access 
to extemal 
data, and on-Chip memory, 
port and register 
contents. 


Performance Analyzer 


This useful function 
checks 
the software 
trace buffer and provides 
time statistics 
on modules 
and procedures 
as a percentage 
of the total execution 
time. 


Languages and File Formats 


OS-51 accepts 
files with Intel OMF51 
object or hex format. 
Other assemblers 
and high-level 
languages 
such 


as C with OMF51 
format 
(Franklin, 
Archimedes, 
IAR, MCC, 
BSOlTasking, 
etc.) are also supported. 


Source Level Debugger 


The OS-51 Software 
includes 
a high-level 
language 
Source 
Level Debugger. 
This program 
may be used to 
debug 
code written 
Assembler, 
PLM and C. The Source 
Level Debugger 
includes 
commands 
which 
allow 
the user to get all the information 
needed 
for testing the programs 
and hardware 
in real-time. 
The commands 
permit 
setting 
breakpoints 
on high-level 
language 
lines, 
adding 
a watch 
window 
with 
the 
symbols 
and 
variables 
of interest, 
modifying 
variables, 
displaying 
floating 
point values, 
showing 
the trace buffer, executing 
assembly 
steps 
and many more useful 
functions. 


Personality Probes 


OS-51 uses standard 
and bond-out 
microcontrollers 
for hardware 
and software 
emulation. 
The selection 
of 
a different 
microcontroller 
is made by replacing 
the microcontroller 
on the probe or changing 
the probe. 
The 
personality 
probes 
run at a frequency 
of the crystal 
on them or from the clock source 
supplied 
by the user 


hardware. 
Therefore, 
the same 
probe 
may be adapted 
to you frequency 
requirements. 
The minimum 
and 
maximum 
frequencies 
are determined 
by the emulated 
chip characteristics, 
while 
the emulator 
maximum 
frequency 
for standard 
probes 
is 42MHz. 


Trace and Logic Analyzer 


The trace memory 
is 32 KByte deep and is used to record the microprocessor 
activities. 
Eight lines are user 


selectable 
test 
points. 
Trigger 
inputs 
and 
conditions 
are 
available 
for 
starting 
and 
stopping 
the 
trace 
recording. 
The trace buffer can be viewed 
in disassembled 
symbolics, 
frames 
or high level language 
source 


code. 


Host Characteristics 


IBM PCtx:T/AT 
or compatible 
systems 
with 640 KBytes 
of RAM, one hard disk, one RS-232C 
interface 
card 


for the PC, PC-DOS 
5.0 or later. 


Items Supplied As Standard 


In-circuit 
emulator 
with 64 KByte 
breakpoints, 
128 KByte 
Internal 
Code 
Memory. 
Personality 
probe 
C51 for 


8051 microcontrollers. 
User software 
including 
source 
level debugger, 
on-line 
assembler 
and disassembler. 


User's 
Manual 
and Operating 
Instructions. 
RS-232 
Interface 
Cable. 
Power 
Supply 
and Power 
Cord. 


Options 


Personality 
probes 
for the different 
microcontrollers. 
Adapter 
for 44-pin 
PLCC 
devices. 


TRACE CAPABILITIES 


External Trace Start/Stop Triggers 


DS-51 
has two External 
Trigger 
signals 
that allow starting 
and stopping 
of the trace recording 
upon external 


events. 


Stop Trace when Full or Continuous Recoding Mode 


There 
are two trace recoding 
modes: 
Cyclic and Trace Full. In the Cyclic 
Mode the trace is continuously 
filled 
with recorded 
data. 
In the Full Mode recoding 
stops when trace 
is full. 


Selectable Trace Trigger Levels 


The trigger 
state permits 
selecting 
the way trigger 
signals 
behave. 
The active 
mode 
may be either 
level or 
edge for the external 
start and stop trigger 
signals. 


Trace Status on the Fly 


Trace 
Status 
allows 
viewing 
information 
without 
stopping 
emulation. 
The Trace 
Status 
includes 
buffer full, 


buffer 
empty, 
length, 
etc. 


Trace Filtering on Address Ranges 


up to 10 different 
ranges 
are allowed 
to filter the recorded 
data into the trace 
memory. 
The start and stop 


addresses 
of modules 
and procedures 
can be entered 
using special 
prefixes. 


Instt 
Address 
Instruction 
(0028h) 
01C7h 
ret 
40 
3 
REG_P1 ; PATTERN_CPL, 
(0029h) 
0164h 
rnovREG_P1,PATTERN_CPL 
41 
3 
CALL CPL_P1(8), 
(002Ah) 
0167h 
rnovROT_NO,#08h 
(002Bh) 
016Ah 
aca11 CPL_P1 
(0146) 
31 
3 
DO CPL_CNT ; 1 TO CPL_NO; 
(002Ch) 
OT_CNT,#Olh 
(002Dh) 
Goto... 
,ROT_CNT 
(002Eh) 
Origin 
C 


(002Fh) I-----~ 
a,ROT_NO 


(0030h) 
Mode SOURCE 
TESTS#0035 
(015F) 


32 
3 
L- 
...J 
DELAY; 


(0031h) 
0150h 
aca11 DELAY 
(01A4) 
(0032h) 
01A4h 
rnov09h,#01h 
(0033h) 
01A7h 
rnovDELAY_CNT,#OOh 
(0034h) 
01AAh 
rnovr6,DELAY_VALUE 


(0035h) 
01ACh 
rnovr7,09h 


(0036h) 
01AEh 
rnovr4,DELAY_VALUE 


(0037h) 
01BOh 
rnovr5,OBh 
(0038h) 
01B2h 
rnova,r5 
(0039h) 
01B3h 
clr c 
Gate 
a specific 
trace point 


BREAKPOINT OPTIONS 


Breakpoint on Data ReadlWrite and Address 
Real-time Hardware Breakpoints can be set on Data Read, Data Write, Data Read or Write and Opcode 
Fetch in any address range. 


Stop Emulation on Pass Count 
Pass Count on any event including opcode may be specified by the number of occurrences. 


Breakpoint on External Events 
Trace Testpoints may be used as extemal Breakpoints on Hardware events if enabled. The Extemal 
Breakpoint triggers may also be the Trace Full condition, then program execution will stop once it is full. The 
Logic Operator commands allow selection of AND/OR combinations of the two external breakpoints. The 
options are both low, anyone is low, both are high, only one is high, both are leading edge, etc. 


E 
File 
View 
Run 
Breakpoints 
Data 
Options 
Window 
Help 
READY 


CPU 


2 
1 
DECLARE 
DELAY_CNT 
WORD 
E 
OlACh 
AF09 
mov 
r7,09h 
3 
1 
DECLARE 
DELAY_VALUE 
WORD 
E 
OlAEh 
ACOA 
mav 
r4,DELAY_V 
OlBOh 
ADOB 
mov rS,OBh 


OlB2h 
ED 
mov a,rS 


4 
2 
DELAY: 
PROCEDURE 
PUBLICi 
OlB3h 
C3 
clr 
c 


CONDITIONAL 
BP 
subb a,r? 


~ 
S 
3 
* 
TYPE 
ADDRESS 
NAME 
STOP-VALUE 
mov a,r4 
subb a,r6 


6 
3 
1 
REG 
OOEOh 
.ACC 
SSh 
je 
:TDELAYS*OO 
2 
BYTE 
OOOAh 
.DELAY_VALUE 
AAh 
7 
1 
3 
PORT 
0090h 
.Pl 
OSh 
mov 
rO,*09h 


mov a,*Olh 
add a,@rO 


8 
1 
mav 
@rO,a 


jne $OlCSh 
dec 
rO 


Ins-Add 
Del-Delete 
it -Choose 
Ese-Exit = 
clr a 


I 


WATCHES 


I 


OlC3h 
36 
addc 
a,@rO 


OlC4h 
F6 
mav 
BrO,a 
OlCSh 
SOE3 
jnc 
$OlAAh 
:TDELAYS*OOO7 


Environment 


C510 
is a menu-driven 
program 
supplied 
with OS-51. This debugger 
runs either 
under 
DOS or Windows. 
C51 0 Debugger 
is used to load a program, 
execute 
it in real-time 
or simulate 
the software 
environment 
and 


many other functions. 


Tracing 


A program 
may be executed 
one line at a time. You can trace a program 
using high-level 
language 
lines or 


assembly 
instructions. 


Stepping 


This is like tracing 
but program 
execution 
steps over CALL instructions 
without 
leaving the current 
procedure. 


Viewing 


C510 
Debugger 
allows 
special 
windows 
to 
be 
opened 
showing 
your 
program 
state 
from 
various 


perspectives: 
variables 
and their 
values, 
breakpoints, 
a text file, 
a source 
file, 
CPU 
registers, 
memory, 
peripheral 
registers, 
etc. 


Inspecting 


The debugger 
can delve 
deeper 
into your program 
and show you the variable 
contents. 


Changing 


The current 
value 
of a variable 
can be replaced 
with your specified 
value. 


Watching 


Program 
variables 
can be isolated 
and their values 
kept track of while the program 
runs. 


Global Menus 


A Global 
Menu if the list of commands 
easily 
accessible 
from a bar which 
runs along the top of the screen. 


A pull-down 
menu 
is available 
for each item on the menu bar and allows 
the following: 


- 
Execute 
a command 


- 
Open 
a pop-up 
menu. 
Pop-up 
menus 
appear 
when 
a menu 
item is chosen 
followed 
by a menu 


icon C~). 


- 
Open 
a dialog 
box. Dialog 
boxes 
appear 
when 
a menu item is chosen 
followed 
by a dialog 
box 


icon (...). 


Global 
menus 
are accessed 
by pressing 
F10 and using the arrow 
keys or typing 
the first letter of the menu 


name. 
Their 
contents 
never 
change. 


Some of the menu commands 
have hot key shortcuts 
that are available 
from any part of the C51 0 Debugger. 


1*** Rotate 
Left 
Port 1 - ROT_NO 
Times 
***1 


DECLARE 
ROT_NO 
BYTE; 
DECLARE 
ROT_CNT 
BYTE; 


15 
16 


• 
17 
18 


DO ROT_CNT 
= 
1 TO ROT_NO; 
CALL DELAY; 
REG_P1 
= ROL(REG_P1, 
1); 
END; 


ROR_P1: 
PROCEDURE 
(RO 
1*** Rotate 
Right 
Port 
2 
DECLARE 
ROT_NO 
BYTE 
2 
DECLARE 
ROT_CNT 
BYTE 


OOFFh 
FF 
PROCEDURE 
ROL_P1 
0100H" 
751001 
0103h 
E510 
0105h 
D3 
0106h 
950F 


0108h 
5018 


:TESTS#0016 
010Ah 
31M 


mov ROT_CNT,#Olh 
mov a,ROT_CNT 
setb c 
subb a,ROT_NO 
jnc 
:TESTS#0019 


r------- 
WATCHES ------..., 


BYTE:TESTS.ROL_P1.ROT_CNT 
FE 
PORT.P1 
FF 


Local Menus 


C51 D Debugger 
is context-sensitive 
and uses Local Menus 
specifying 
different 
windows. 
Local menus 
are 
tailored 
to the particular 
window 
you are in. It is important 
not to confuse 
them with global 
menus. 
to prompt 
a local menu press Alt-F1 0 or click the right button 
of your mouse. 
Menu placement 
and contents 
depends 


on which 
window 
or pane you are in and where 
your cursor 
is. Contents 
may vary from one local menu 
to 
another. 
Many 
local 
commands 
appear 
in almost 
all local 
menus. 
The 
results 
of these 
similarly-named 
commands 
may differ, depending 
on the context. 
Every command 
on a local menu 
has a hot key shortcut 
consisting 
of Ctrl plus the highlighted 
letter in the command. 
Because 
of this setup, a hot key, like Ctrl-S might 


mean 
one 
thing 
in one 
context 
but something 
quite 
different 
in another. 
The 
core 
commands 
are still 
consistent 
across 
local menus. 
For example, 
the Goto command 
and the Search 
command 
always 
do the 


same thing, 
even when they are invoked 
from different 
windows. 


Input Boxes 


Many of the C51 D Debugger 
command 
options 
are available 
in input boxes. A input box prompts 
you to type 
in a string, 
i.e., the name of a file. 


Windows 


C51 D Debugger 
displays 
all information 
and data 
in both 
global 
and 
local 
menus, 
dialog 
boxes 
(where 


options 
are set and information 
entered) 
and windows. 
There are many window 
types depending 
on the kind 


of information 
it holds. 
Windows 
may be opened 
and closed 
using 
menu commands 
(or hot key shortcuts 
for those commands). 
Most of the Debugger 
windows 
come from the View menu. After a window 
has been 


opened, 
you can move, 
resize, 
close, 
and otherwise 
manage 
them with commands 
from the Window 
and 
System 
menus 
(,,). 


CEIBOU.S.A 
7 Edgestone 
Ct. 


Florissant, 
MO 63033 


Toll-free 
(USA and Canada): 
1-800-833-4084 


Tel: 314-830-4084 
Fax: 314-830-4083 


CEIBO 
Israel 
Merkazim 
Building 
- Maskit 
St. 


P.O. Box 2106 
Herzelia 
46120 


Tel: 972-9-555-387 
Fax: 972-9-553-297 


Sweden 
- Tel: 0589-10950 


Fax: 0589-16153 


Italy- 
Tel: 051-727252 
Fax: 051-727515 


CEIBO 
Deutschland 
Rheinstrasse 
32 
6100 
Darmstadt 


Tel: 06151/27505 
Fax: 06151/28540 


CEIBOSpain 
Calle Josue 
Lillo 41 
Madrid 
28018 


Tel: 91-4778995 
Fax: 91-4779075 


France 
- 
Tel: 061-855767 
Fax: 061-851914 


05-750 Microcontroller 


CEIBO Development Tool 


FEATURES 


• Emulates 
87C750 
and 83C750 
microcontrollers 
in real-time 


• Programmable 
clock 
up to 40MHz 


• Built-in 
programmer 
for 87C750/1/2 


• Simulator 
debug 
mode 


• Source-level 
debugger 
for C. PLM and Assembler 


• DOS and Windows 
Software 


• 24-pin 
DIP emulation 
header 


• Serially 
linked 
to IBM PC at 115K baud 


os-750 is a development tool that supports Philips 87C750 
microcontrollers at any frequency allowed by the devices. It is 
serially linked to a PCOCf/AT or compatible system and can emulate 
the microcontroller using either the built-in clock oscillator or any 
other clock source connected to the microcontroller. The clock 
oscillator generates 40MHz, 20MHz, 16MHz, 1OMHz and 5MHz. 
Emulation is carried out by programming an 87C752 microcontroller 
with the user software and an embedded monitor program. OS-750 
provides the on-board programming capabilities and locates the 
monitor in the upper 1K that is not available for the 87C750. Two 
working modes are available: real-time and simulator debugger 
mode. In the real-time mode the user software is executed 
transparently and without interfering with the microcontroller speed. 
Breakpoints can be added to stop program execution at a specific 
address. In the simulator debug mode, an additional microcontroller 
is used to take control of the 87C750 lines and to simulate its 
operation but not real-time. This operating mode allows access to all 
the microcontroller functions (1/0, timers, interrupts, etc.) and 
interacts with the hardware according to the user software execution 
or directly by means of emulator commands sent from the host 
computer. The combination of the two available working modes 
allows an easy way to debug hardware and software functions. The 
software includes C and PLM and Assembler Source Level 
Debugger, On-line Assembler and Disassembler, Software Trace, 
Conditional Breakpoints and many other features. Two versions of 
the software are available: DOC and Windows. The system is 
supplied with a User's Manual, microcontroller documentation, two 
samples of the 87C752 and one of the 87C750 (all windowed 
EPROM microcontrollers) and a power supply. 


SPECIFICATIONS 


Monitor Program 
The Monitor Program links the microcontroller to the host computer 
and is used to control the emulation of the application software in 
real-time. The monitor code is transparent for the 87C750 and does 
not reduce the 1K Byte of available code for the application. 


Breakpoints 
Breakpoints allow real-time program execution until an opcode is 
executed at a specified address. Breakpoints are inserted into the 
application program and then the Emulation EPROM Device is 
programmed with the application code. The breakpoints can be 
disabled by results in adding a few cycles to the program execution. 


User Software 
DS-750 program has two software environments: DOS and 
Windows 3.X. The DOS program is based on pull-down menus. The 
additional Windows program carries out the same functions of the 
DOS program with all the features and benefits of the new operating 
system. 


Symbolic Debugger 
DS-750 allows symbolic debugging of assembler or high-level 
languages. The symbolic debugger uses symbols contained in the 
absolute file generated by the most commonly used Assemblers and 
High Level Language Compilers. 


Source Level Debugger 
The OS-750 software includes a source level debugger for 
Assembler and High-Level Languages (PLM, C and others) with the 
capability of executing lines of the program while displaying the state 
of any variable. 


Software Trace 
Program execution can be recorded in a 64K buffer. Conditional 
breakpoints may be defined to stop program execution. The user 
can define events and variables to be added to the software trace. 
The software trace is not a real-time function and is performed by 
slowing down the emulation speed. 


Frequency 
The system includes a crystal oscillator able to support clock 
frequencies of 5MHz, 10MHz, 16MHz, 20MHz, and 40MHz. 
Additionally, the user may select any other frequency by connecting 
an ex1emal clock source through the application hardware. 
Frequency selection is done by means of jumpers. 


Simulator Debug Mode 
The simulator allows breakpoints to be set at any address and 
condition even though the user software is actually programmed in 
the 87C752 EPROM. The simulator debug mode will be 
automatically activated in case a breakpoint is enabled and not 
programmed in the device. 


Built-in Programmer 
The built-in programmer may be used to program the following 
devices: 87c750, 87C751, and 87C752. All the programming 
features like security and encryption are fully supported. 


Emulation Restrictions 
The following restrictions are valid for DS-750: 
1. The system uses some of the microcontroller resources to 


emulate it: one interrupt (either INTOor INT1 according to 
software selection) and 5 bytes of the intemal stack. 


2. 
If you specify a breakpoint not programmed in the device, 
program execution will be slowed down by the simulator. 


3. 
Disabling a programmed breakpoint will add a few cycles to the 
program execution. This only happens while reaching the 
specified condition, otherwise the real-time is not affected. 


Host Characteristics 
IBM PCIXT/AT or compatible systems with 640K Bytes of RAM, one 
floppy disk drive, one RS-232 interface card for the PC, PC-DOS 5.0 
or later. 


Input Power 
120 VAC to 15 VDC wall transformer supplied. 


Mechanical 
Dimensions 
1Oemx 1Ocm. 


Items Supplied as Standard 
Development Systems with built-in programmer. 24-pin emulation 
header. User software including source level debugger, on-line 
assembler and disassembler. User's Manual and Operating 
Instruction. RS-232 interface cable. Power supply. 


Warranty 
Six months limited warranty, parts and labor. 


Ordering Information 


PART NUMBER: P750EM SD 


Available 
through 
Philips 
Semiconductors' 
authorized 


distributors. 


DS-752 
CEIBO Emulator 


05·752 
is a real·time, 
high performance 
microcontroller 
development 
system 
dedicated 
to the 8XC751/8XC752 
single-chip 


microcontrollers. 
It provides 
an easy-te-use 
and flexible 
instrument 
which 
reduces 
the development 
and debugging 
cycle 
and 
enables 
the user to solve 
hardware 
and software 
problems 
quickly 
and efficiently. 
It operates 
with an IBM PC or compatible 


computer 
and carries 
out complete 
real-time 
and transparent 
emulation 
of the target 
CPU. 


• Real time and transparent 
in-circuit 


emulator 


• Supports 
Philips 
83C751/83C752 
and 


87C751/87C752 
microcontrollers 


• Symbolic 
Debugger 
compatible 
with 


Intel object 
files 


• 2K hardware 
breakpoints 
and 


conditional 
breakpoints 


• Serially 
linked to IBM PC or 


compatible 
hosts 


• Easy to follow 
pull-down 
menus 
and 


windows 


PC-DOS. 
PClx:r/AT are trademal1<;s 
of IBM. 


tBM 
is a registered 
trademark 
of IBM 
Corporation. 


Intel 
is a registered 
trademark 
of Intel 
Corporation. 


SPECIFICATIONS 


Emulation Memory 
DS-752 
provides 
2KBytes 
of code 
memory. 


Hardware Breakpoints 
up to 2,048 
hardware 
breakpoints 
allow 
real-time 
program 


execution 
until an opcode 
is executed 
at a specified 
address 


or line of your source 
code. 


Conditional 
Breakpoints 


A complete 
set of conditional 
breakpoints 
permits 
halting 


program 
emulation 
on code addresses, 
source 
code 
lines, 


access 
to on-chip 
memory, 
port and register 
contents. 


Software Analyzer 
A 64 KByte 
buffer 
is used to record 
any software 
and 


hardware 
events 
of your program, 
such as executed 
code, 
memory 
accesses, 
port and internal 
register 
states, 
on-chip 


data memory 
and others. 
The trace 
buffer can be viewed 
in 


disassembled 
symbolics, 
or high level language 
source 


code. Trace 
recording 
is not carried 
out in real-time. 


Symbolic Debugger 
DS-752 
allow symbolic 
debugging 
of assembler 
or high-level 


languages. 
The symbolic 
debugger 
uses predefined 
port and 


register 
names, 
and the symbols 
contained 
in your software, 
like labels, 
variable 
names, 
line numbers 
and others. 


Source Level Debugger 
DS-752 
gives full support 
for debugging 
directly 
in 


assembler, 
PLM and C source 
code. 
From your source 
code 


screen 
you can specify 
a breakpoint, 
execute 
a line step or 


an assembly 
instruction, 
open a f1exible-in-size 
watch 


window 
to display 
any variable, 
use the function 
keys to 


display 
the trace 
memory, 
registers 
and data, 
redefine 
the 


Program 
Counter, 
and reset the microprocessor. 


Languages 
and File Formats 


DS-752 
accepts 
files generated 
by Intel software 


(Assembler, 
PLM) or compatibles 
in hex or object 
format. 


Other 
assemblers 
and high-level 
languages 
such as C with 


Intel compatible 
format 
(Franklin, 
Archimedes, 
IAR, etc.) are 


also supported. 


Personality Adapters 
DS-752 
uses standard 
microcontrollers 
for hardware 
and 


software 
emulation. 
The selection 
of a different 


microcontroller 
is made 
by software 
commands 
and using a 


supplied 
socket 
adapter. 
The systems 
run at the frequency 


of the crystal 
on them 
or from the clock source 
supplied 
by 
the user hardware. 
Therefore, 
the same system 
may be 
adapted 
to your frequency 
requirements. 


The minimum 
frequency 
is determined 
by the emulated 
chip 


characteristics, 
while 
maximum 
frequency 
for standard 


probes 
is 16MHz. 


Supported 
Devices 


83C751, 
87C751, 
83C752, 
87C752. 


Command Set 


The available 
functions 
include: 
FILE (load, 
save), 
DEBUG 


(go, halt, reset, source 
level debugger, 
breakpoints), 


MODIFY 
(code, 
byte, 
registers, 
ports, 
assembler, 


disassembler), 
VIEW 
(watch 
window, 
publics, 
modules, 


procedures, 
lines, symbols, 
file, dir), ANALYZER 
(conditional 


breakpoints, 
software 
trace, 
event watch), 
SETUP 
(default, 


chip, base, 
rs-232 
port). 


Host Characteristics 
IBM PCtx:r/AT 
or compatible 
system 
with 640 KBytes 
of 


RAM, one floppy 
disk drive, one RS-232C 
interface 
card for 


the PC, PC-DOS 
2.0 or later. 


Input Power 
7.5VDC 
to 12VDC 
or 5VDC/500mA 
from the user circuit. 


Mechanical 
Dimensions 
1" x 5" x 6" (2.4 em x 13 em x 15 em). 


Items Supplied as Standard 


In-circuit 
emulator 
with 2 KByte 
breakpoints, 
2 KByte 
Intemal 
Code 
Memory. 
Personality 
adapter 
for 24-pin 
DIP 
microcontrollers. 
User Software 
including 
source 
level 


debugger, 
on-line 
assembler 
and disassembler. 
User's 


Manual 
and Operating 
Instructions. 
RS-232 
Interface 
Cable. 


9 VDC wall transformer. 


Warranty 


Six months 
limited 
warranty; 
parts and labor. 


Part No: P752EM 
SO 


Available 
through 
Philips 
distributors. 


12NC: 9350-554-10602 


MP-51 
CEIBO Programmer 


MP-51 
is an EPROM, 
PLD and Microcontroller 
Programmer 
dedicated 
to standard 
24 to 32-pin 
EPROMs, 
all of the 
microcontrollers 
belonging 
to the 8051 family, 
and high density 
PLDs. 
Its modern 
design 
provides 
a powerful 
low-cost 
and high 
performance 
instrument, 
easy to use and conveniently 
sized. 
. 


MP-51 
operates 
with an IBM PCtx:r/AT 
or compatible 
personal 
computer, 
and carries 
out a set of powerful 
functions 
on the 
selected 
device. 
An RS-232 
interface 
is used to link MP-51 
to a PC. 


The unit consists 
of the instrument 
and adaptors. 
The adaptors 
may be replaced 
to suit the user's 
requirements. 
Adapters 
are 
available 
for all the possible 
packages 
such as DIP, QFP, LCC and PLCC. 


MP-51 
software 
handles 
a PC Memory 
Buffer where 
code is loaded 
from a disk or filled with the contents 
of a device. 


Furthermore, 
this buffer 
may be saved 
on a disk file, parts of the buffer can be moved 
from one location 
to another, 
filled with a 
constant, 
or modified 
by the user. The Memory 
Buffer can be displayed, 
and finding 
values 
or strings 
in it is possible. 


Before 
programming, 
MP-51 
checks 
if the installed 
adapter 
is compatible 
with the device 
type selected 
by the user. This test is 
done before 
programming 
any device. 


MP-51 
has the capability 
to check 
if the device 
is totally 
erased, 
and can also compare 
if the contents 
of the plugged 
device 
are 
equal to the contents 
of the Memory 
Buffer. Address 
range can be specified 
for both operations. 


MP-51 
allows 
to enable 
or disable 
the PLD or Microcontroller 
security 
capabilities 
and handles 
the Lock Bit 1, Lock Bit 2, Lock 
Bit 3 and Encryption 
Table available 
in several 
Microcontrollers. 


• High quality 
EPROM, 
PLD and 


Microcontroller 
Programmer 


• Serially 
linked 
to IBM PCtx:r/AT 
or 


other compatible 
host computers 


• Loads/Saves 
Hex, Binary, 
Object 
and 


JEDEC 
files to and from disk 


• Easy to follow 
windows 
and pull-down 


menus 


• Supports 
24 to 32-pin 
EPROMs, 


several 
PLDs and all Philips 
PSD 
devices, 
members 
of the 8051 and 
8OC51 family 
of Microcontrollers 


• Programs 
Lock Bits, Encryption 


Tables 
and Security 
Bits 


PC-DOS, 
PCfXT/AT are trademar1l:s 
of IBM. 


IBM is a registered 
trademark 
of IBM 
Corporalion. 


Inlel 
is a registered 
trademark 
of Intel Corporation. 


SPECIFICATIONS 


Supported Devices 


EPROMs: 2716, 2732, 2764, 27128, 27256, 27512, 27010, 
27040, both NMOS and CMOS versions for all the available 
programming voltages. 


Microcontrollers: 
8751H, 8751BH, 87C51, 87C51FAIB/C, 
87C52, 87C451, 87C528, 87C550, 87C552, 87C562, 
87C575, 87C592, 87C652, 87C654, 87C751, 87C752, 
87C054-MT and others. 


PLDs:AT22V10,ATV750,ATV2500,ATV5000. 
PSD Devices: PSD3XX 


File Formats 


MP-51 loads different file formats: 
- 
Intel Hex files and Motorola S-records 


- 
Binary files 
- 
Object files 
- 
JEDEC files 


It saves portions of memory in Intel Hex, Binary and JEDEC 
formats. 


Command Set 


The available functions include: TYPE, 
BLANK CHECK, 
SECURITY, 
PROGRAM, 
LOAD, 
SAVE, 
READ, 
VIEW, 
COMPARE, 
CHECKSUM, 
FILL, 
MOVE, 
MODIFY, 
DIRECTORY, CHANGE DIR, TEXT FILE, DUMP, QUIT. 


Host Characteristics 


IBM PCIXTIAT or compatible system with 512 KBytes of RAM, 
one floppy disk drive, one RS-232 interface card for the PC, 
PC-DOS 2.0 or later. 


Input Power 


85VACto 263VAC, 50Hz to 60Hz. That makes this unit suitable 
for any country outlet. 


Mechanical 
Dimensions 


MP-51 is 155mm long, 60mm high, and 250mm wide. 


Adapters and Supported 
Devices 


The following list partially shows which adapter should be used 
for the different supported devices: 


PPA-751SD 
PPA-751ASD 
PPA-752SD 
PPA-752ASD 
PPA-451SD 
PPA-451ASD 
PPA-552ASD 
PPA-550ASD 
PPA-592ASD 
PPA-054SD 


24-Pin Skinny DIP 
28-Pin PLCC 
28-Pin DIP 
28-Pin PLCC 
64-Pin DIP 
68-Pin PLCC 
68-Pin PLCC 
44-Pin PLCC 
68-Pin PLCC 
42-Pin Shrink DIP 


2716 to 27512 
NMOS and CMOS 
8751H,8751BH, 
87C51, 87C52, 
87C528, 87C550, 
87C652, 87C654 
8751H,8751BH, 
87C51, 87C51, 
87C528, 87C652, 
87C654 
87C751 
87C751 
87C752 
87C752 
87C451 
87C451 
87C552, 87C562 
87C550-PLCC 
87C592 
87C054-MTV 


Items Supplied as Standard 


MP-51 Programmer. User software. User's Manual. RS-232 
cable and adapters. Power cord is not included. 


warranty 


Six months limited warranty; parts and labor. 


PMp·51 SO (includes PPA-51X adapter) 


o 
PC-hosted via RS-232 serial link 
o Efficient, powerful, easy to learn 
o 
User control of window size, content & color 


o 
Supports third party Assemblers & Compilers 


o Full Symbolic & Source-Level debug 
o 
Complete system includes Emulator, 
8051 Macro Cross Assembler, 
RS-232 cable & power supply 


MetaLink Europe GmbH 
Phone: 
080912046 


8011Kirchseeon-Eglharting Fax: 
080912386 
Germany 


I042-001/6Y2fTP 


The unique iceMASTER-PE 
packs an advanced 
fea- 


ture set into a tiny, palm-sized package that any engineer 
can 
afford. 
Designed 
for 
demanding 
projects, 


iceMASTER-PE 
supports frequencies 
up to 42 MHz 


with a full complement 
of emulation memory, external 


data 
memory, 
and a transparent 
trace 
buffer 
16K 


frames deep with advanced searching capabilities. The 
entire emulator 
plugs directly into the target applica- 


tion or operates in a stand-alone mode. 


The iceMASTER-PE 
is the world's most portable emu- 
lator because the emulator 
and probe electronics 
are 


both integrated 
into a pocket-able 
package about the 


size of a PC mouse. 
To achieve this dramatic break- 
through in the size and cost of high-performance 
emu- 


lation, 
MetaLink 
invented 
a new emulation 
system 


architecture, 
Advanced 
Emulator 
Technology 
(AET, 
patent pending). 


The iceMASTER-PE's 
windowed 
user interface 


delivers 
the highest development 
productivity 
and is 


easy to learn and easy to use, including a context-sen- 
sitive hypertext 
and hyperlinked 
help system. 
This 


powerful, productive interface gives the user total con- 
trol and flexibility in the configuration of the size, posi- 
tion, content, and color of each window. 


The iceMASTER-PE 
includes a full symbolic and source- 
level debugger 
for Assemblers 
and Compilers. 
The 
emulator 
supports 
all 9 of the most popular 
8051 


Assemblers and Compilers. 


The iceMASTER-PE 
sets the new standard for excel- 
lence, portability and value in 8051 family emulation. 


MetaLink Corporation 
Phone: 
(602)926-0797 


325 E. Elliot Road 
Phone: 
(800)638-2423 
Chandler, AZ 85225 
Fax: 
(602)926-1198 


© 1993 MetaLink Corporation 


KEY CHARACTERISTICS 
o Supports 
8051 family devices up to 42MHz 


o 
Support for 8031, 8051, 8x32, 8x52, 8xC54, 8xC58, 
8xC51FA, 8xC51FB, 8xC51FC, 8xC751, 8xC752, 
8xC750, NMOS, CMOS, ROM, EPROMlOTP 
Devices. 
o Full-Featured, Real-time & Transparent Emulator 
o Emulator and Probe electronics integrated into a 


single package only 3" x 4" x I" 
o Plugs directly into target applications or operates in a 


stand-alone mode 
o Patent-pending AET system architecture 


o 
Up to 64K Program & 64K External Data Memory 


o 
16K frame trace buffer 
o 
o 
o 
o 


View trace while executing 


Up to 128K hardware breakpoints 


Up to 64K Trace ON & 64K Trace OFF triggers 


Integrated diagnostic self-test capability 


iceMASTER has an advanced, windowed user inter- 
face that emphasizes ease of use. 
Each window can be 
sized, moved, 
highlighted, 
scrolled, 
color-controlled, 


added, or removed completely. 
iceMASTER 
provides 
pull-down 
and pop-up menus, function keys, and con- 
text-sensitive 
help. 
The contents of any memory space 
may be perused and altered directly from the appropriate 
window using the keyboard or a mouse. 


You have immediate 
access to the hypertext!hype 
linked, 
context-sensitive, 
on-line 
help system 
which 


clearly 
explains 
what your options 
are (at any detail 
level you choose), 
keeping 
you productive. 
There is 


even a HELP-FOR-HELP 
feature. 
Whether 
you are 
beginning 
your first design 
project, 
or are a veteran 
designer 
searching 
for the fastest possible 
debugging 
method, you will appreciate the EASE-OF-USE 
features 
designed into iceMASTER. 


Novices can navigate smoothly through a debugging 


session by accessing the commands and menus as stan- 
dard pull-downs. 
Experienced 
designers 
can instanta- 
neously pop-up their menu of choice by using redefin- 
able hot keys. 


Your iceMASTER 
source window accelerates 
the 
debugging 
process with Dynamically 
Annotated Code. 


When single-stepping, 
instruction execution information 
is displayed and retained next to each instruction. 
You 
can clearly 
see the data behind 
your program's 
flow, 


including contents of all accessed (read or write) memo- 
ry locations 
and registers, 
as well as flow-of-control 
direction change markers. 
A moving color bar indicates 
the current position in the program as it executes. 


At your option, 
the iceMASTER 
source 
window 


allows 
operations 
on three different 
views 
of code 
memory: 
disassembled 
instructions, 
instructions mixed 
with High Level Language (HLL) source statements, or 
HLL source only. 


HLL source statements 
and symbolic 
disassembly 


information 
are also displayed 
when you disassemble 


the program or view the trace buffer. 


The trace buffer captures 
data in real-time. 
Trace 
information 
consists 
of address 
and data bus values 


and user-selectable 
probe 
clips. 
You can view the 


trace buffer data through 
several 
display 
filters: 
raw 


hex, disassembled 
instructions, 
instructions 
mixed 


with HLL source 
statements, 
or HLL source 
only. 
You can display 
the probe 
clip bit values 
in binary, 
hex, or digital waveform formats. 


You can trigger the trace to begin capturing data on 


all instructions 
leading 
up to a breakpoint, 
around 


(before and after) a breakpoint, 
or following 
a break- 


point. 
Capture 
filtering allows you to focus attention 


only on areas of interest, eliminating clutter. 


To further speed your design process, an integrated 


search mechanism 
allows you to locate any label, HLL 


source 
line number, 
or address 
in the trace buffer in 


either the backward or forward direction. 
The days of 


manually scanning or post-processing 
a large buffer of 


trace data are gone! 


If you WRITE your program in a HLL, you should 


be able to DEBUG it that way - iceMASTER 
lets you 


do just that! 
IMPROVING THE QUALITY OF YOUR 
PRODUCT: 
FINDING THE HOT (OR 
NOT SO HOT) SPOTS 


iceMASTER emulators (Model 400 & PE) provide a 


PERFORMANCE 
ANALYZER 
that allows 
you to 


monitor 
the time spent executing 
specific portions 
of 
your program to find "hot spots" or "dead code." You 
can define and analyze 
memory 
areas based on code 
address, module, line number or label ranges. 


You can view results dynamically 
during emulation 


or later for a more detailed analysis. 
You can toggle the 


display 
from bar graph 
format 
to actual 
frequency 


counts, and you can filter the level of detail in the dis- 
played results to include raw data, code labels, and/or 
HLL source statements. 


iceMASTER 
Model 400 provides an additional Per- 


formance Analyzer that is the absolute best in the indus- 
try for tuning and testing your code. 
It is very flexible 
and far more accurate than most other emulators, with a 
resolution of less than six microseconds. 
You can define 
and analyze up to 15 memory areas and each of these 15 
memory areas can consist of non-contiguous, 
logically 


related subranges, 
(e.g. groupings 
of related functions 


which are not necessarily contiguous in memory). 


You have access to as many as 128K breakpoints 
and 64K tracetriggers. 
These triggers can be enabled, 
disabled, 
set or cleared. 
Simple triggers are based on 


code 
or external 
data addresses 
or address 
ranges. 
Simple 
breakpoints 
can be set or cleared 
directly 
in 
the source 
window 
at disassembled 
instructions 
or 


HLL source statements. 


Breakpoints 
can also be complex triggers, 
based on 


code address, direct address, bit address, opcode value, 
opcode class or immediate operand. 
Complex triggers 
can be ANDed and ORed together. 


Finding that elusive bug is now much easier! 
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Some companies design emulators that use one or two 


full size PC expansion 
board slots. 
These companies 


take it for granted 
that you have the "right" 
kind of 


PC, that you don't need the expansion 
slots for some- 


thing else, and that you don't mind taking apart your 
computer to install their emulator! 


At MetaLink, we don't take our customers for granted. 


The iceMASTER 
family is the culmination 
of over 7 
years of focused 
engineering 
by MetaLink 
to bring 


advanced 
semiconductor 
technologies 
to emulator 


design. 
Using state-of-the-art 
PALs (PEELs), 
LCAs, 


VLSI 
memories 
and microprocessors, 
MetaLink 


designed 
world-class 
emulation 
capability 
into the 


smallest emulator footprints in the industry, combining 
powerful 
and complex 
emulation 
features 
with all- 


around ease-of-use. 


The high speed serial link connects easily to the back 


of your computer 
with a standard RS-232 cable. 
The 


emulators 
are smaller than the size of a VCR tape, fit 


neatly in crowded 
work spaces and are easy to move 
around 
on 
the 
bench 
or 
to 
other 
computers. 


PORTABLE PRODUCTIVITY! 


iceMASTER-PE 
Development System 


MetaLink 
specializes 
in enhancing 
the emulation 
technology 
required 
by EMBEDDED 
SYSTEMS 
DESIGNERS. 
MetaLink 
has consistently 
led the industry 
i.n emulation 
technology: 
The first PC-based 
8051 emulator; 
the first 8052 emulator; 
the first to offer support 
for all the unique features 
of the 8051 family components, 
such as watchdog-timer, 
idle modes, 
power 


down mode, DMA and AID. 
MetaLink 
is a full-service 
emulation 
company. 
We support 
our customers 
over the long term with services 
such as repajr, discounted 
upgrades, 
rental unilS, IO-day tfial purchase 
periods 


and free technical 
support 
for applications 
problems. 
A network 
of world-wide 
sales and service 
representatives 
is augmented 
by a well-trained 
telemarketing 
staff at headquarters. 


o 
HOST SPECIFICATIONS 
Host IBM pc. XT. AT. 386.486. 
PS/2. Laptop. 


Notebook 
or compatible 
system, 
640K bytes of 
RAM, Hard Disk Drive, Monochrome 
or 


Color Display, 
with a Standard 
RS-232 
Serial 
Port. Operating 
System 
OOS 2.0 or greater. 
o EMULATORSOFTWARE 
SPECIFICATIONS 
File Fonnats 
Supported 
with Symbolic 
or 
Source-Level 
Debugging: 


2500AD, 
Archimedes, 
Avocet, 
BSOffasking, 
Franklin, 


IAR Systems, 
Intel OMF, 
Keil, MCC, Microtec 


Research, 
Motorola'S' 
Record, 
Systronix 
and Intel 


HEX. 


Source/Symbol 
Support: 
Assembler, 
BASIC, 
C and PUM 
Languages 


Symbolic 
or Source-Level 
Debug: 


Setting 
of Breakpoints 


Setting 
of Trace ON/OFF 


Viewing 
of Trace Buffer 
Viewing 
of Source 
Window 
Display 


Viewing 
of Perfonnance 
Analyzer 
AssemblyfDisassembly 
of Code 
HLL Structure/Content 
Display 
of 
Modules 
Line Numbers 


Scopes 
Program 
Variables 


o 
EMULATOR 
HARDWARE 
SPECIFICATIONS 
iceMASTER-PE 
MODELS: 
8031: 
Supports 
8031 and 8OC3l 
Operates 
up to 33MHz 


40-Lead 
DIP or optional 
44-Lead 
PLCC 


8032: 
Supports 
8031, 8OC31. 8032, 8OC32 and 
C501 
Operates 
up to 42MHz 


40-Lead 
DIP or optional 
44-Lead 
PLCC 
83752: 
Supports 
83C751. 
87C751, 
83C752. 
87C752 
and 87C750 
Operates 
up to 16MHz 
24- & 28-Lead 
DIP or optional 
28-Lead 
PLCC 


8351 FX: Supports 
8031. 8OC31. 8032. 8OC32. 8051. 


8OC51. 8751. 87C51. 8052. 8OC52, 8752, 
87C52. 8OC5IFA. 
83C5lFA, 
87C51FA. 


83C51 FB, 87C51 FB. 83C51 FC, 87C51 FC, 
8OC54. 87C54. 8OC58 and 87C58 
Operates up to 16MHz 
4O-Lead DIP or optional44-PLCC 
o 
OPERATING 
CHARACTERISTICS 


Clock 
frequency 
user-selectable 
between 
external 
target 
crystal/clock 
or internal 
clock source 


Real-time, 
Electrically 
and Operationally 
Transparent 
o 
USER INTERFACE 
Keyboard 
or Mouse 
Control 
Pull-down 
& Pop-up 
menus with fill-in boxes 


A vailable 
Main Screen 
Windows: 


Registers 
and PSW bits 


Bit Memory 
Stack data displayed 
in HEX &/or ASCII 


Up to 5 Intema! Data Memory displayed in HEX &lor ASCU 
Up to 5 Extemal Data Memory displayed in HEX &lor ASCU 
Up to 5 Code Memory 
displayed 
in HEX &/or ASCII 


Source Program displayed 
in Code, HLL Source or Mixed 
Watch window 
for variable 
data 
System 
Status d.ua 
Main Screen 
Window 
Display 
Controls: 


Movable 
Selectable 
(On/Off) 


Sizable 
Color selection 
Scrollable 
Highlighting 
of key data 


Function/Hot 
Key Access: 


User-assignable 
for commands 
User-displayable 
for quick reference 


Emulation 
Memory: 


iceMaster-PE 
Models: 
8031 
8032 
8351 FX 
83752 


Program 
Memory: 
64K 
64K 
64K 
2K 


External 
Data Memory: 
64K 
64K 
64K 
N/A 


Mapping 
Resolution: 


Program: 
Down to I-byte 
External 
Data: 
Down to I-byte 


Program 
Memory: 


Single Line Assembler (full insnuction set support) 
Disassemble 
in Code or Source/Code 
mode 
Disassembly 
may be written 
to a disk file 
Data Memory: 


Internal 
or External 
Memory 
Fill a block of memory 
with data 
Copy a block of data to another area 
Change 
a single address 
data content 


Compare 
any two blocks of addressed 
data 


Displayed 
data may be written 
to a file 
Registers/SFRs/Bit 
Memory: 
Examine 
or Modify 
Program 
Variables: 
Examine 
or Modify 


Reset from Emulator 
and Go 


Reset from Target 
and Go 
Reset Processor 
Go from current 
Program 
Counter 
Go From a new Program 
Counter 
Go Until a Program 
CounterlLabel 


Slow Motion 
(Repetitive 
Step commands) 
Step by machine 
instruction 


Step by Line Number 
Step Over calls 
Step To next function 
or procedure 


o 
HARDWARE 
BREAKPOINTS 


Up to 64K real-time 
Program 
Addresses 


Up to 64K real-time 
External 
Data Addresses 


Set directly 
in Source 
window 
or Pull-down 
menu 


PC address & range of addresses 
Opcode 
Value 
Opcode 
Class 
SFRslRegisters 
Direct byte address 
& range of addresses 
Direct bit address 
& range of addresses 


Immediate 
operand 
value 
ReadlWrite 
to bit address 


Register 
address 
modes 


Read/Write 
to Register 
address 


Logical 
AND/OR 
of any of the above 
External 
Data address 
& range of addresses 


Break Count 
Overflow 
External 
(CLIP) 
Break Input 
External 
(CLIP) 
Trigger 
Output 


Real-time 
Irace with view while executing 
code 


16K-Frame 
Trace 
Buffer 
Start, Center, 
End and Variable 
Trace Trigger 
settings 


Up to 64K Trace ON/OFF 
triggers 
for trace filtering 


Trace Contents 
consist 
of: 


16-bits Address 
Bus 
8-bits Data Bus 
7-bits External 
Clips 


Trace Display 
Modes: 


Raw Hex 
Symbolic 
HLL Source 
Mixed 
External 
Clips display 
format: 


Binary data 
HEX data 
Digilal 
waveform 
Trace Buffer Operations: 


Write trace buffer to a disk file 
Search trace buffer for labels & addresses 


o 
PERFORMANCE 
ANALYZER 


Program 
profiling 
capability 


7 year duration 
Display 
options: 


Bar Graph 
Frequency 
Count 


Display 
Modes: 


Raw 
HLL Source 
Lines 


Symbolic 
Mixed 
Up to 999 Bin capacity 
User-controlled 
Bin set-up: 


By Address 
By Symbol 
By Module 
By Line Number 
Automatic 


On-Line 
Context 
sensitive 


HypertextlHyperiinked 


o 
ELECTRICAL 
SPECIFICATIONS 


Input Power (maximum): 


0.75 
A @ +5 VDC 
+/-5% 


Power 
Source: 
Target 
system 
or power 
supply 


o 
MECHANICAL 
SPECIFICATIONS 


Emulator 
Dimensions: 


4.4" 
x 3.25" 
x 0.9" 


11.18cm 
x 8.25cm 
x 2.29cm 
Emulator 
weight: 


0.51bs 
0.3kg 


o ANNUNCIATORS 


Call Today 


1(800) 638-2423 
1(800) METAICE 
or contact your local distributor 
' 


Rental plans are available. 


PRODUCT DESCRIPTION 


The iceMASTER-8051 
Model 200/400 emulator repre- 


sents a culmination of 7 years of focused engineering to 
create the world's most affordable and portable full-fea- 
tured emulators. 


The iceMASTER-8051 
emulators offer real-time and 


transparent 
emulation 
at up to 24MHz 
for a broad 


number of derivative devices through the use of inter- 
changeable probe cards. 
Powerful breakpoint systems 
allow an engineer to stop a program at any time and 
examine all states and conditions. 
Trace memory pro- 


vides 
a complete 
history 
of each 
event 
that 
has 
occurred, including source-level 
information, 
address, 
data, status, searching and external logic events. 
The 
best performance 
analyzer 
capability 
in the industry 
allows a thorough evaluation of the program to decide 
what areas are taking the most time and simplify those 
areas requiring improved performance. 


The iceMASTER-8051 
emulators support symbolic and 


source-level 
debugging 
for the most popular 
8051 


Cross Assemblers, 'C' Compilers, and PL/M Compilers. 
These capabilities 
allow the designer 
to debug their 


system the way it was designed, 
at the symbolic 
or 
source-level. 
This methodology 
increases productivity 
while decreasing cost and time-to-market. 


The iceMASTER-8051 
emulators 
provide pull-down 
and pop-up menus, mouse support, function/hot 
keys, 
and context-sensitive 
hyperlinked 
help. 
The advanced 


windowed user interface emphasizes ease of use. Each 
window 
can be sized, moved, 
scrolled, 
highlighted, 
color-controlled, 
added or removed completely. 
The 
contents 
of any memory 
space may be perused 
and 


altered directly from the appropriate window, with multi- 
ple memory spaces displayable simultaneously. 


MetaLink Corporation 
325 E. Elliot Road 
Chandler, AZ 85225 


o Full-Featured, Real-time & Transparent Emulator 
o Supports 8051 family devices up to 24MHz 
o Interchangeable Probe Cards 
o 
Hosted on any PC or compatible, including Laptops, 
Notebooks, or Micro Channel 


o 
115K baud serial link using a standard comm port 
o Unlimited user support 


o 64K Program & 64K External Data Memory 
o 4K frame trace buffer 
o Advanced trace search ability 
o 
128K hardware breakpoints 


o 64K Trace ON/OFF triggers 
o 
Broad 8051 derivative device support 
(more than 65 devices) 


o Dual Performance Analyzers 


SYSTEM FEATURES 
o Efficient, powerful, easy to learn 
o 
User control of window size, content & color 


o 
Supports third party Assemblers & Compilers 
o Full Symbolic & Source-Level debug 
o Complete system - includes Emulator, 


8051 Macro Cross Assembler, 
RS-232 cable & power supply 


(602) 926-0797 
(800) 638-2423 
(602) 926-1198 


MetaLink Europe GmbH 
Phone: 


8011 Kirchseeon-Eglharting 
Fax: 


Germany 


Phone: 
Phone: 
Fax: 


iceMASTER has an advanced, windowed user inter- 


face that emphasizes ease of use. 
Each window can be 


sized, moved, 
highlighted, 
scrolled, 
color-controlled, 


added, or removed completely. 
iceMASTER 
provides 
pull-down 
and pop-up menus, function keys, and con- 
text-sensitive 
help. 
The contents of any memory space 
may be perused and altered directly from the appropriate 
window using the keyboard or a mouse. 


You have immediate 
access to the hypertext/hype 
linked, 
context-sensitive, 
on-line 
help system 
which 


clearly 
explains 
what your options 
are (at any detail 
level you choose), 
keeping 
you productive. 
There is 
even a HELP-FOR-HELP 
feature. 
Whether 
you are 
beginning 
your first design 
project, 
or are a veteran 
designer 
searching 
for the fastest possible 
debugging 
method, you will appreciate the EASE-OF-USE 
features 


designed into iceMASTER. 


Novices can navigate smoothly through a debugging 


session by accessing the commands and menus as stan- 
dard pull-downs. 
Experienced 
designers 
can instanta- 
neously pop-up their menu of choice by using redefm- 
able hot keys. 


Your iceMASTER 
source window accelerates 
the 


debugging 
process with Dynamically 
Annotated Code. 


When single-stepping, 
instruction execution information 
is displayed and retained next to each instruction. 
You 
can clearly 
see the data behind your program's 
flow, 


including contents of all accessed (read or write) memo- 
ry locations 
and registers, 
as well as f1ow-of-control 
direction change markers. 
A moving color bar indicates 


the current position in the program as it executes. 


At your option, 
the iceMASTER 
source 
window 


allows 
operations 
on three 
different 
views 
of code 


memory: 
disassembled 
instructions, instructions mixed 
with High Level Language (HLL) source statements, or 
HLL source only. 


HLL source statements 
and symbolic 
disassembly 


information 
are also displayed 
when you disassemble 


the program or view the trace buffer. 


The trace buffer captures 
data in real-time. 
Trace 
information 
consists 
of address 
and data bus values 
and user-selectable 
probe 
clips. 
You can view 
the 
trace buffer data through 
several 
display 
filters: 
raw 
hex, disassembled 
instructions, 
instructions 
mixed 


with HLL source 
statements, 
or HLL source 
only. 
You can display 
the probe clip bit values 
in binary, 
hex, or digital waveform 
formats. 


You can trigger the trace to begin capturing data on 


all instructions 
leading 
up to a breakpoint, 
around 


(before and after) a breakpoint, 
or following 
a break- 


point. 
Capture filtering 
allows you to focus attention 


only on areas of interest, eliminating clutter. 


To further speed your design process, an integrated 


search mechanism allows you to locate any label, HLL 
source line number, 
or address 
in the trace buffer in 


either the backward or forward direction. 
The days of 
manually scanning or post-processing 
a large buffer of 
trace data are gone! 


If you WRITE your program in a HLL, you should 
be able to DEBUG it that way - iceMASTER 
lets you 


do just that! 
IMPROVING THE QUALITY OF YOUR 
PRODUCT: 
FINDING THE HOT (OR 


NOT SO HOT) SPOTS 


iceMASTER emulators (Model 400 & PE) provide a 


PERFORMANCE 
ANALYZER 
that 
allows 
you to 


monitor 
the time spent executing 
specific portions 
of 
your program to find "hot spots" or "dead code." You 
can define and analyze 
memory 
areas based on code 


address, module, line number or label ranges. 


You can view results dynamically 
during emulation 
or later for a more detailed analysis. 
You can toggle the 


display 
from bar graph 
format 
to actual 
frequency 
counts, and you can filter the level of detail in the dis- 
played results to include raw data, code labels, and/or 
HLL source statements. 


iceMASTER 
Model 400 provides an additional Per- 


formance Analyzer that is the absolute best in the indus- 
try for tuning and testing your code. 
It is very flexible 
and far more accurate than most other emulators, with a 
resolution of less than six microseconds. 
You can define 
and analyze up to 15 memory areas and each of these 15 
memory areas can consist of non-contiguous, 
logically 


related subranges, 
(e.g. groupings 
of related functions 


which are not necessarily contiguous in memory). 


You have access to as many as l28K breakpoints 
and 64K tracetriggers. 
These triggers 
can be enabled, 
disabled, 
set or cleared. 
Simple triggers 
are based on 


code 
or external 
data addresses 
or address 
ranges. 
Simple 
breakpoints 
can be set or cleared 
directly 
in 


the source 
window 
at disassembled 
instructions 
or 


HLL source statements. 


Breakpoints 
can also be complex triggers, 
based on 


code address, direct address, bit address, opcode value, 
opcode class or immediate operand. 
Complex triggers 
can be ANDed and ORed together. 


Finding that elusive bug is now much easier! 
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Some companies design emulators that use one or two 


full size PC expansion 
board slots. 
These companies 


take it for granted 
that you have the "right" 
kind of 


PC, that you don't need the expansion 
slots for some- 
thing else, and that you don't mind taking apart your 
computer to install their emulator! 


At MetaLink, we don't take our customers for granted. 


The iceMASTER 
family is the culmination 
of over 7 


years of focused 
engineering 
by MetaLink 
to bring 


advanced 
semiconductor 
technologies 
to emulator 


design. 
Using state-of-the-art 
PALs (PEELs), 
LCAs, 


VLSI 
memories 
and microprocessors, 
MetaLink 


designed 
world-class 
emulation 
capability 
into the 


smallest emulator footprints in the industry, combining 
powerful 
and complex 
emulation 
features 
with all- 


around ease-of-use. 


The high speed serial link connects easily to the back 


of your computer 
with a standard RS-232 cable. 
The 


emulators 
are smaller than the size of a VCR tape, fit 


neatly in crowded 
work spaces and are easy to move 


around 
on 
the 
bench 
or 
to 
other 
computers. 


PORTABLE PRODUCTIVITY! 


iceMASTER-8051 
Model 200/400 Development 
Systems 


MetaLink 
specializes 
in enhancing 
the emulation 
technology 
required 
by EMBEDDED 
SYSTEMS 
DESIGNERS. 
MetaLink 
has consistently 
led the industry 
in emulation 
technology: 
The first PC-based 
8051 emulator; 
the first 8052 emulator; 
the first to offer support 
for all the unique 
features 
of the 8051 family components, 
such as watchdog-timer, 
idle modes, 
power 
down mode, 
DMA and AID. 


MetaLink 
is a full-service 
emulation 
company_ 
We support 
our customers 
over the long Icon with services 
such as repair, discounted 
upgrades, 
rental units, 
lQ-day trial purchase 
periods, 
and free technical 
support 
for applications 
problems. 
A network 
of world-wide 
sales and service 
representatives 
is augmented 
by a well-trained 
telemarketing 
staff at headquarters. 
o 
HOST SPECIFICATIONS 


HOSlIBM 
pc, XT, AT, 386, 486, PS/2, Laptop, 


Notebook 
or compatible 
system, 
640K bytes of 
RAM, Hard Disk Drive, Monochrome 
or 
Color/Graphic 
Display, 
with a Standard 
RS-232 
Serial Port. Operating 
System 
DOS 2.0 or greater. 
o EMULATORSOFTWARE 
SPECIFICATIONS 


File Fonnats 
Supported 
with Symbolic 
or 
Source-Level 
Debugging: 


Archimedes, 
Avocet, 
BSOrrasking, 
Franklin, 


JAR Systems, 
Intel OMF, 
Keil, MCC, 
Microlec 


Research, 
Motorola'S' 
records 
and Intel HEX. 


Source/Symbol 
Support: 


Assembler, 
C and PL/M Languages 


Symbolic 
or Source-Level 
Debug: 
Setting 
of Breakpoints 


Setting 
of Trace ON/OFF 
Viewing 
the Trace 
Buffer 


Viewing 
of Source 
Window 
Display 
Viewing 
of Perfonnance 
Analyzer 
AssemblylDisassembly 
of Code 


HLL Structure/Content 
Display 
of: 


Modules 
Line Numbers 
Scopes 
Program 
Variables 


o 
EMULATOR 
HARDWARE 
SPECIFICATIONS 
iceMASTER-8051 
Models: 
200 Basic Emulator 
400 Enhanced Emulator with: 
4K Trace Buffer 
2 Perfonnance 
Analyzers 
Full Watchdog Timer Support 
Operating 
Modes: 
Single-Chip 
ROM 
Romless 


Interchangeable 
Prohc Card 
Used to support the functional 
derivatives 
of each micro 


controller 
family as well as the full range of NMOS. 
CMOS, EPROM, 
and OTP technology 
variations. 
Contact 
MetaLink for the latest information on any device supported. 
Device Unique Support 
A-to--D Converter 
FIFO 
Multiple-Divide Unit 
Multiple DPTRs 


o 
OPERATING 
CHARACTERISTICS 


Clock frequency 
user-selectable 
hctween 
external 
target 


crystal/clock 
or internal 
crystal 
source 


Electrically 
and Operationally 
Transparent 


Real-time: 
O.5-24MHz 


Keyboard 
or Mouse Control 
Pull-down 
& Pop-up 
menus 
with fill-in boxes 


Avail able Main Screen 
Windows: 


Registers 
and PSW bits 


Bit Memory 
Stack data displayed 
in HEX &/or ASCII 


Up to 5 Internal Data Memory diplayed in HEX &lor ASOI 
Up to 5 External Data Memory displayed in HEX &/or ASCII 
Up to 5 Code Memory 
displayed 
in HEX &/or ASCII 


Source Program 
displayed 
in Code. HLL Source 
or Mixed 


Watch 
window 
for variable 
data 
System 
Status data displayed 
in HEX 


Main Screen 
Window 
Display 
Controls: 


Movable 
Selectable 
(On/Ofl) 


Sizable 
Color selection 


Scrollable 
Highlighting 
of key data 
Function/Hot 
Key Access: 
User-assignable 
for commands 


User-displayable 
for quick reference 


Emulation 
Memory: 
64K Program 
Memory 
64K External 
Data Memory 


Mapping 
Resolution: 


Program: 
16~byteslblock 
External 
Data: 
l6-byteslbl0ck 
Program 
Memory: 


Single Line Assembler (full instruction set support) 
Disassemble 
in Code or Source/Code 
mode 
Disassembly 
may be written 
to a disk file 
Data Memory: 


Internal 
or External 
Memory 


Fill of a block of memory 
with data 
Copy a block of data to another area 
Change 
a single address 
data content 


Compare 
any two blocks of addressed 
data 
Displayed 
data may be written 
to a file 
RegisterslSFRs/Bit 
Memory: 


Examine 
or Modify 
Program 
Variables: 


Examine 
or Modify 


Reset from Emulator 
and Go 
Reset from Target and Go 
Reset Processor 
Go from current 
Program 
Counter 
Go From a new Program 
Counter 


Go Until a Program 
CounterlLahcl 


Slow Motion 
(Repetitive 
Step commands) 


Step by machine 
instruction 
Step by Line Number 
Step Over calls 
Step To next function 
or procedure 


Set directly 
in Source 
window 
or Pull-down 
menu 
PC address 
& range of addresses 
Opcode 
Value 
Opcode 
Class 


SFRs!Registers 
Direct byte address 
& range of addresses 
Direct bit address 
& range of addresses 


Immediate 
operand 
value 


Read/Write 
to bit address 


Register 
address 
modes 


Read/Write 
to Register 
address 
Logical 
AND/OR 
of any of the above 
External 
Data address 
& range of addresses 


Break Count Overflow 
External 
(CLIP) 
Break Input 


External 
(CLIP) 
Trigger 
Output 


o 
TRACE 
(Model 400) 


4K-Frame 
Trace Buffer 
Start, Center, End & Variable Trace Trigger settings 
64K Trace ON/OFF 
triggers 
for trace filtering 
Trace Contents 
consist 
of: 


16-bits Address 
Bus 
8-bits Data Bus 
7-bits External 
Clips 


DMA Activity 
Trace Display 
Modes: 


Raw Hex 
Symbolic 
HLL Source 
Mixed 
External 
Clips display 
format: 
Binary data 
HEX data 
Digital 
wavefonn 
Trace 
Buffer Operations: 
Write trace buffer to a disk file 
Search trace buffer for labels & addresses 


o 
PERFORMANCE 
ANALYZERS 
(Model 400) 


Real-time 
Program 
profiling 
capability 


5.4~-sec 
sampling 
period 
7 year duration 
Display 
options: 


Bar Graph 
Frequency 
Count 
Display 
Modes: 
Raw 
Symbolic 


Mixed 
HLL Source 
Lines 
Up to 999 Bin capacity 
User-controlled 
Bin set-up: 


By Address 
By Symbol 
By Module 
By Line Numhcr 
Automatic 


On-Line 
Context 
sensitive 


Hypertext/Hyperlinked 


o 
MACRO 


o 
ELECTRICAL 
SPECIFICATIONS 


Input Power (maximum): 


1.5 A @ +5 VDC 
+/-5% 


o 
MECHANICAL 
SPECIFICATIONS 


Emulator 
Dimensions: 
7.0" 
x 5.5" 
x 
1.0" 


17.8cm 
x 
l4cm 
x 2.54cm 
Emulator 
weight: 
2.01bs 
0.9kg 


o 
ANNUNCIATORS 


Call Today 


1(800) 638-2423 
1(800) MET AleE 
or contact your local distributor 
Rental plans are available. 


Producl 
names 
are used 
to purposes 
of identification 
only and 
may be trademarks 
or registered 
trademarks 
of their 
respeclive 
companies. 
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The iceMASTER-PE 
emulators 
for the 8051 family are self-contained 
units, each dedicated 
to a particular 
member of the 8051 family. The emulator and probe card electronics 
are combined 
into a single, small package. 


Every iceMASTER-PE 
emulator comes with 64K of Code memory, 64K of External Data memory, a 16K frame 
Trace Buffer (which can be viewed without breaking emulation), 
power supply, RS-232 cable and an 8051 Macro 
Cross Assembler. 
All iceMASTER-PE 
emulators 
support an optional Break-Input 
signal clip, a Trigger-Output 
signal clip and seven user-placeable 
Trace-Capture-Input 
signal clips. 


This emulator supports device operation 
from DC to 33MHz and has a 40-lead DIP footprint. 
This emulator 


supports the 8031 and 8OC31 devices, regardless 
of process variation. 


This emulator supports device operation 
from DC to 30MHz and has a 4Q-Iead DIP footprint. 
This emulator 


supports the 8031, 8OC31, 8032 and 8OC32 devices, regardless 
of process variation. 


This emulator supports device operation 
from DC to 16MHz and has a 28-lead DIP footprint. 
This emulator 


supports the 83C750, 87C750, 83C751, 87C75 I, 83C752 and 87C752 devices, regardless 
of process variation. 


this emulator is supplied with a 28-lead DIP to 24-1ead DIP converter 
(CONVll) 
for 8xC75 I support. 


This emulator supports device operation 
from DC to 16MHz and has a 4Q-lead DIP footprint. 
This emulator 


supports the 8031, 8OC31, 8032, 8OC32, 8051, 8OC51, 8751, 8052, 8OC52, 8752, 87C52, 8xC51FX, 
8OC54, 
87C54, 8OC58 and 87C58, regardless 
of process variation. 


This emulator supports device operation 
from 3.5 to 16MHz and has a 40-lead DIP footprint. 
This emulator 


supports the 87L51FB device from 3.0 to 5.5 volts. 


This emulator supports device operation from 0.5 to 16MHz and has a 40-lead DIP footprint. 
this emulator 


supports the 83CL41O and 8OCL410 devices from 1.8 to 6 volts. 


This emulator supports device operation 
from 32kHz to 16MHz and has a 40-lead DIP footprint. 
This emulator 


supports the 8OCL51 and 8OCL31 devices from 1.8 to 6 volts. 


All iceMASTER 
Model 200 & Model 400 emulators 
support full probe card interchangeability. 
To emulate 
several 
different devices, you need purchase only a single emulator base unit, the iceMASTER-8051, 
and then one probe card 
for each unique device to be emulated. 


Both the iceMASTER-8051 
Model 200 and the iceMASTER-8051 
Model 400 emulators 
come with 64K of Code 
memory and 64K of External Data memory, power supply, RS-232 cable and an 8051 Macro Cross Assembler. 


The IceMASTER 
Model 400 emulator has the following 
additional 
features/capabilities: 


1. 
4K-Frame 
Trace Buffer 


2. 
Performance 
Analyzers 
a. 
High Resolution 


b. 
Hig Bin Count 


3. 
Full Watchdog Timer (WDT) Support in all emulation 
modes 


All MetaLink 
probe 
cards include 
a Break-Input 
signal clip, a Trigger-Output 
signal clip and seven user- 


placeable 
Trace-Capture-Input 
signal clips. In addition, 
there is a user-selectable 
jumper 
for XTAL 
source. 
Most probe 
cards have other user-selectable 
jumpers 
to control/configure 
the unique 
capabilities 
of each 


particular 
device. Some probe 
cards also contain 
a user-selectable 
jumper 
for Vcc source. 
iceMASTER-8051 
emulators 
fully supports: 


Following 
is a list of all Philips-Signetics 
8051 Family Probe 
Cards which MetaLink 
currently 
offers. Since 
MetaLink 
is constantly 
adding 
to its list of supported 
devices, please contact 
MetaLink 
for information 
on any 
device not listed below. 


If support 
for a particular 
device is available 
at different 
maximum 
frequencies 
(MHz), 
the description 
of the 
Probe 
Card appears 
only once, with the speed variations 
noted in the Probe 
Card names 
above the description. 
Example: 
8031-24 for a 24MHz 
8031 Probe 
Card and 8031-20 for a 20MHz 
8031 Probe 
Card. 


MHW-8031·20 
MHW-8031-24 


The 8031 Probe 
Card supports 
device operation 
from 0.5 to 24MHz 
and has a 4O-lead DIP package 
interface. 


This probe 
card supports 
8031 and 80C31 devices, regardless 
of process 
variation. 


The 8032 Probe 
Card supports 
device operation 
from 0.5 to 20MHz 
and has a 4O-lead DIP package 
interface. 
This probe 
card supports 
8031, 80C31, 8032, 80C32 and 80C32 devices, regardless 
of process 
variation. 


The BOC51FA 
Probe 
Card supports 
device operation 
from 0.5 to 16MHz and has a 4O-lead DIP package 
interface. 
This probe 
card supports 
8031, 80C31, 8032, 80C51FA 
and BOC32 devices, regardless 
of process 
variation. 


The 83C51FC 
Probe 
Card supports 
device operation 
from 0.5 to 16MHz 
and has either 
a 4O-lead DIP or a 44- 


lead PLCC package 
interface. 
This probe 
card supports 
8031, 80C31, 8032, BOC32, 8051, 80C51, 8751, 87C51, 
8x51FA, 8x51FB, 8052, 80C52, 8752 and 87C52 devices, regardless 
of process 
variation. 


The 8052 Probe 
Card supports 
device operation 
from 0.5 to 16MHz 
and has a 4O-lead DIP package 
interface. 
This probe 
card supports 
B031, BOC31, 8032, BOC32, 8051, BOC51, B052, 80C52, 8751, 87C51, 8752, and 87C52 
devices, regardless 
of process 
variation. 


The 83C053 Probe Card supports device operation from 6 to 12MHz and has a 42-lead Shrink DIP package 
interface. This probe card supports 83C053, 83C054, 87C054, 83C055 and 87C055 devices, regardless 
of 
process variation. 


The 80CL41O Probe 
Card supports 
device operation 
from 0.5 to 12M Hz and has a 4O-lead DIP package 
interface. 
This probe 
card supports 
the 80CL41O device (4.5V-5.5V 
only). 


The BOC451 Probe 
Card supports 
device operation 
from 1.2 to 16MHz 
and has a 68-lead 
PLCC package 
interface. 
This probe 
card supports 
the BOC451 device, regardless 
of process 
variation. 
Converter 
#5 is 
available 
to convert 
the probe 
card to a 64-lead 
DIP footprint. 


The 83C451 Probe 
Card supports 
device operation 
from 1.2 to 12MHz and has a 68-1ead PLCC package 
interface. 
This probe 
card supports 
the 80C451, 83C451 and 87C451 devices, regardless 
of process 
variation. 
Converter 
#5 is available 
to convert 
the probe 
card to a 64-lead DIP footprint. 


The 80C528 Probe 
Card supports 
device operation 
from 1.2 to 16MHz 
and has a 4O-lead DIP package 
interface. 
This probe 
card supports 
the 80C528 device. 


MHW·83C528·12 
MHW·83C528·16 


The 83C528 Probe 
Card supports 
device operation 
from 1.2 to 16MHz and has either 
a 4O-lead DIP or 44-lead 


PLCC package 
interface. 
This probe 
card supports 
80C528, 83C528, 87C528, 83C524 and 87C524 devices, 
regardless 
of process 
variation. 


The 83C550 Probe 
Card supports 
device operation 
from 1.2 to 12MHz and has a 44-lead 
PLCC package 
interface. 
This probe 
card supports 
the 83C550, 80C550 and 87C550 devices, regardless 
of process 
variation. 


The 80C552 Probe 
Card supports 
device operation 
from 1.2 to 16MHz 
and has a 68-lead 
PLCC 
package 


interface. 
This probe 
card supports 
the 80C552 and 80C562 devices, regardless 
of process 
variation. 
Converter 


#7 is available 
to convert 
the probe 
card interface 
to a 40-lead DIP footprint 
for operation 
as an 8031, 8032, 
80C31, 80C32 or 80C652. 


The 83C552 Probe 
Card supports 
device operation 
from 1.2 to 16MHz 
and has a 68-lead 
PLCC 
package 
interface. 
This probe 
card supports 
the 80C552, 83C552, 87C552, 80C562, 83C562 and 87C562 devices, 


regardless 
of process 
variation. 
Converter 
#7 is available 
to convert 
the probe 
card interface 
to a 4O-lead DIP 
footprint 
for operation 
as an 8031, 8032, 80C31, 80C32, 8x51, 8xC51, 8x52, 8xC52, 8xC652 or 8xC654. 


The 83C575 Probe Card supports device operation 
from 0.5 to 16MHz and has either a 40-lead DIP or a 
44-lead PLCC package interface. This Probe Card supports 8OC575, 83C575 and 87C575 devices, regardless 
of 
process variation. 


The 83C592 Probe 
Card supports 
device operation 
from 1.2 to 16MHz 
and has a 68-lead 
PLCC 
package 


interface. 
This probe 
card supports 
the 80C592, 83C592 and 87C592 devices, regardless 
of process 
variation. 


The 80C652 Probe 
Card supports 
device operation 
from 1.2 to 16MHz and has a 4O-lead DIP package 


interface. 
This probe 
card supports 
8031, 80C31 and 80C652 devices from any IC manufacturer, 
regardless 
of 


process 
variation. 


The 83C652 Probe 
Card supports 
device operation 
from 1.2 to 16MHz and has a 4O-lead DIP package 


interface. 
This probe 
card supports 
80C652, 83C652 and 87C652 devices from any IC manufacturer, 
regardless 
of process 
variation. 


The 83C654 Probe 
Card supports 
device operation 
from 1.2 to 16M Hz and has a 4O-1ead DIP package 
interface. 
This probe 
card supports 
80C652, 83C654 and 87C654 devices from any IC manufacturer, 
regardless 
of process 
variation. 


The 83C751 Probe 
Card supports 
device operation 
from 0.5 to 16MHz and has 24-lead Skinny DIP package 
interface. 
This probe 
card supports 
83C751 and 87C751 devices, regardless 
of process 
variation. 


The 83C752 Probe 
Card supports 
device operation 
from 0.5 to 12MHz 
and has a 28-1ead DIP package 


interface. 
This probe 
card supports 
83C752 and 87C752 devices, regardless 
of process 
variation. 


The 80C851 Probe 
Card supports 
device operation 
from 1.2 to 12MHz and has a 4O-lead DIP package 
interface. 
This probe 
card supports 
8031, 8OC31, and 8OC851 devices, regardless 
of process 
variation. 


The 83C851 Probe 
Card supports 
device operation 
from 1.2 to 12MHz and has a 4O-lead DIP package 
interface. 
This probe 
card supports 
8OC851, and 83C851 devices, regardless 
of process 
variation. 


iceMASTER 
converters 
are used with the iceMASTER-8051 
Probe 
Card to allow the user to change 
the device 
footprint 
supported 
by the Probe 
Card to a new device footprint 
or to allow the iceMASTER-8051 
Probe 
Card 


to support 
a new device with the existing Probe 
Card. 


A 68-1ead PLCC to 64-lead 
DIP converter 
for 83C451 or 80C451 Probe 
Cards to 80C451, 83C451 and 87C451 
devices. 


A 68-lead 
PLCC to 4O-lead DIP converter 
for 83C552 or 8OC552 Probe 
Cards to 8031, 8032·, 8OC31, 8OC32·, 
8051,8751, 
80C51, 87C51, 8052·, 8752·, 80C52·, 
80C652, 83C652, 87C652, 87C654, 83C654 and 87C52· 
devices. 
·Not all modes 
of Timer 
2 supported. 


A 28-lead 
DIP to 24-lead 
DIP converter 
for the PE-83752 
or 83C752 Probe 
Card to 83C751 and 87C751 
devices. 


A 28-lead DIP to 28-lead 
PLCC converter 
for PE-83752 
and 83C752 Probe 
Card to 83C752 and 87C752 
devices. 


A 4O-lead DIP to 44-lead 
PLCC converter 
for PE-8031, 
8031 Probe 
Card to 8031, 8OC31, 8031 and 8OC31 
devices. 


A 4O-1ead DIP to 44-lead 
PLCC converter 
for PE-8032, 
8032 Probe 
Card to 8031, 8OC31, 8031, 8OC31, 8OC32, 
8032 and 80C32 devices. 


A 4O-lead DIP to 44-lead 
PLCC 
converter 
for 8052 Probe 
Card to 8031, 8OC31, 8031, 8OC31, 8OC32, 
8032, 80C32, 8051, 80C51, 8751, 87C51, 8052, 8OC52, 8752 and 87C52 devices. 


A 4O-lead DIP to 44-lead 
PLCC converter 
for 8351FB Probe 
Card to 8031, 80C31, 8031, 80C31, 80C32, 
8032, 
80C32, 8051, 80C51, 8751, 87C51, 8052, 80C52, 8752, 87C52, 8XC51FA 
and 8XC51FB 
devices. 


A 4O-lead DIP to 44-lead 
PLCC converter 
for 80652 and 83652 Probe 
Cards to 80C652, 87C652, 83C652, 
87C654 and 83C654 devices. 


A 4O-lead DIP to 44-lead 
PLCC 
converter 
for 80528 and 83528 Probe 
Cards to 80C528, 87C528, 83C528, 
87C524 and 83C524 devices. 


A 68-lead 
PLCC 
to 44-lead 
PLCC 
converter 
for 83552 and 80552 Probe 
Cards to 8031, 8m2', 
80C31, 80C32', 
8051,8751, 
80C51, 87C51, 8052*, 8752*, 80C52*, 80C652, 83C652, 87C652, 87C654, 83C654 and 87C52* 


devices. 


A 40 Lead DIP, 6 inch target 
interface 
extension 
cable for 8031, 80C31, 8032, 80C32, 8051, 80C51, 8751, 


87C51, 8051FA, 83C51FA, 
87C51FA, 
8051FB, 83C51FB, 
87C51FB, 
8052, 80C52, 8752, 87C52, 80C528' 


83C528, 87C528, 83C524, 87C524, 80C652, 83C652, 87C652, 83C654, 87C654, 80CL41O, 80C851 and 83C851 
devices. 


A 44 Lead PLCC, 
6 inch target 
interface 
extension 
cable for 8031, 80C31, 8032, 80C32, 8051, 80C51, 8751, 
87C51, 8051FA, 83C51FA, 
87C51FA, 
8051FB, 83C51FB, 
87C51FB, 
8052, 80C52, 8752, 87C52, 80C528, 
83C528, 87C528, 83C524, 87C524, 80C550 83C550, 87C550, 80C652, 83C652, 87C652, 83C654, 87C654, 
80CL41O, 80C851 and 83C851 devices. 


A 68 Lead PLCC 6 inch target 
interface 
extension 
cable for 83C552, 87C552, 83C562, 87C562, 80C552, 
83C451, 87C451, 80C451, 87C592, 80C592 and 83C592 devices. 


A 40 Lead DIP pin isolator 
for 8031, 80C31, 8032, 80C32, 8051, 8OC51, 8751, 87C51, 8051FA, 83C51FA, 


87C51FA, 
8051FB, 83C51FB, 
87C51FB, 
8052, 80C52, 8752, 87C52, 80C528, 83C528, 87C528, 83C524, 87C524, 


80C550 83C550, 87C550, 80C652, 83C652, 87C652, 83C654, 87C654, 80ClAI0, 
80C851 and 83C851 devices. 


A 44 Lead PLCC pin isolator 
for 8031, 80C31, 8032, 80C32, 8051, 80C51, 8751, 87C51, 8051FA, 83C51FA, 


87C51FA, 
8051FB, 83C51FB, 
87C51FB, 
8052, 80C52, 8752, 87C52, 8OC528, 83C528, 87C528, 83C524, 87C524, 
80C550 83C550, 87C550, 80C652, 83C652, 87C652, 83C654, 87C654, 80ClAlO, 
80C851 and 83C851 devices. 


A 68 Lead PLCC pin isolator 
for 83C552, 87C552, 83C562, 87C562, 8OC552, 83C451, 87C451, 80C451, 87C592, 
80C592 and 83C592 devices. 


Avocet Systems, Inc. AvCase Assembler for the 8051 


MSW·AVC51 


Franklin Software 8051 Developer's Kit with C-51 Compiler, A51 Assembler, Simulator/Debugger 
for PC- 
Hosted Systems 


Franklin Software 8051 Professional Developer's Kit with C-51 Compiler, A51 Assembler, Bank Linker 51, 
Tiny Real Time Operating System 8051, Simulator/Debugger 
for PC-Hosted Systems 
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Features of the Nohau EMUL51-PC 
in-circuit emulator include: 


- 
Low-cost full real-time emulation 


- 
IBM PC-bus plug-in boards or stand alone Box version with 115K baud RS232-C 
connection 
to IBM PC 


- 
Easy-to-Iearn 
user interface with windows and pull-down 
menus 


- 
Source-level 
debugging 
in C, PUM or Pascal with full support for typed symbols 


- 
256k frames by 64 bit real-time trace option with time stamp 


- 
Program Performance 
Analyzer 


The Nohau EMUL51-PC 
consists of a board which plugs directly into the IBM PCIXTI AT bus for fast file transfer. An optional 


external box with a serial link is also available. 
The optional Trace board features an advanced trace function with many trigger 


capabilities. 


The POD, which plugs into the target system, is connected with a 5 ft (1.5 m) ribbon cable to the Emulator board to provide a flexible 
operating range. 


The EMUL51-PC 
uses no wait states and does not intrude on memory, stack, I/O or interrupt pins. 


Trace 
board (optional) 


Emulator 
board 


fig 1 
EMUL51-PC plug-in 


board 
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The user interface is based on MS-DOS 
software. It incorporates 
a variety of techniques. 
The user can select to operate either 
with short typed commands 
or using pull-down 
menus. On-screen features include windows to monitor or alter: 


- 
Assembly 
or high level language source code 


CPU registers 


Internal data and Special Function Registers 


External data 


Watch variables in C, PUM or assembly 


Trace setup and display 


All commands 
are supported 
with context-sensitive 
help and full on-line manual. 


Using high level language 
for code generation 
is a way to cut development 
time. Therefore 
the EMUL51-PC 
gives full support 
for debugging 
directly in C or PUM 
source code. This eliminates 
the need for paper listings. Breakpoints 
can be marked 
directly in the source code window. The user can single step through the program line by line and follow the program execution 
on the screen listing. 


The trace permits the user to trace his source code in real-time. 


All variables can be displayed 
and altered. This includes full support for typed symbols which permits the user to address such 
variables as floating-point, 
arrays and structures - 
both global and local. 


The EMUL51-PC 
features 64 K of code memory and 64 K of external data memory. The addressable 
memory can be mapped 
either to target or to the emulator in 4K pages. 


The emulator can load all common file formats and the user can view and alter all registers and memory areas of the microcontroller. 


The EMUL51-PC 
permits the user to generate program breakpoints 
in a number of ways: 


64K program breakpoints 


- 
64K data read and 64K data write breakpoints 


- 
Break on external signal 


- 
Break on direct access to internal bit or byte memory 


- 
Break on contents of internal register or memory 


- 
Break on program access out-of-boundary 


Using the Trace board it is possible to break on combinations 
of address, data, control signals, port signals and external signals. 


Test session automation 
is made possible using the Macro commands. 
This permits the user to define his own command 
sequences 
using structures 
like IFIELSE and REPEATIWHILE. 
Such command 
sequences 
can be stored to a file which can be 
loaded automatically 
when the emulator is invoked. 


A complete debug session and all setups can also be recorded to a file. 
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3.5 Trace Memory 


The optional trace board features a trace buffer capable of storing up to 256k frames of 64 bit data each. The 64 bits consist of 
address, data, control signals, port signals, external signals and a time stamp. 


The trace memory can be displayed, 
reprogrammed 
and restarted during emulation. 


The trace filter makes it possible to select what events are stored in the trace buffer. The qualifiers permit the user to define the 
criteria for which bus cycles are stored. The qualifiers can specify address, data, control signals, port signals and external 
signals. 


The trace works much like a logic analyzer. It is therefore possible to trigger the trace on an event and display what happened 
before or after that event. 


The trigger event can be defined using any of the qualifiers in up to eight levels. It is possible to trigger on boolean combinations 
of the qualifiers, 
or sequential 
combinations 
including a loop counter. 


The trigger point can be selected anywhere 
within the 256k trace buffer to give full choice of pre/post trigger alignment. 


The trace information 
can be displayed in high-level 
language statements, 
in disassembled 
form or in binarylhex 
form. It can 
also be stored to a file. 


With the PPA, information 
can be generated 
showing which addresses the user program spends its time on. The information 
can be displayed 
as statistics or in histogram form. 


Host: 
IBM PCIXT/AT/386/486, 
PS/2 or compatible 
with 640K of RAM. Monochrome, 
color or enhanced 
graphics display. 


External Box: 
The emulator boards can be installed in an external box with serial communication 
to the PC. 


Processors 
supported: 
8051,8052,8031,8032, 
8OC51, 8OCL51, 8OC52, 8OCL52, 80C31, 80CL31, 8OC32, 
8XC053/054/055, 
83/8OCL41O/610, 
83/80C451, 
8XC524, 8XC528, 8XC550, 83/8OC552, 8XCE558, 
8OC562, 8XC575, 8OCL580, 8XC592, 8XC598, 83/8OC652, 83/87C750, 
83/87C751, 
83/87C752, 
8XCL 781, 8XCL 782, 83/8OC851 (For more details, please refer to the following 
pages.) 
A switch from one microcontroller 
to another is made by changing the low cost POD. 


File formats supported: 
Intel HEXlOBJ/SYMlOMF, 
Avocet, ArchimedesllAR, 
BSOlTasking, 
FranklinlKeil, 


IntermetricslWhitesmiths/Comic, 
and many more. 


Clock speed: 


Power supply: 


Allows operation 
up to 33 MHz in real-time. 


The boards are powered from the PC-bus. The Emulator 
board requires 
1.7A15V and the Trace board 


l.3A/5V. 
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PIllLIPS 
SEMICONDUCTORS 
Microcontroller 
Support 


EMULATOR 
UNITS 
Includes software and ribbon cable. Must be connected to a POD to operate. Each step up in frequency rating covers all lower frequency 
steps. Includes DIP isolator if ordered with 40-pin POD. Emulator software has high-level debug and all options. 


Order 
Number 
Description 
EMUL51-PClE32 
12 MHz Emulator, 32 kB (kiloByte) Emulation Memory. 


EMUL5I-PClE32-16 
16 MHz Emulator, 32 kB Emulation Memory. 
EMUL5I-PClEI28 
12 MHz Emulator, 128 kB Emulation Memory. 
EMUL51-PClEI28-16 
16 MHz Emulator, 128 kB Emulation Memory. 


EMUL51-PClEI28-20 
20 MHz Emulator, 128 kB Emulation Memory. 
EMUL51-PClEI28-24 
24 MHz Emulator, 128kB Emulation Memory. 


EMUL51-PClEI28-30 
30 MHz Emulator, 128kB Emulation Memory. 
EMUL51-PGIE128-33 
33 MHz Emulator, 128 kB Emulation Memory. 


TRACE 
BOARD 
OPTIONS 
Optional second PC plug-in board. Emulator board contains no trace capability. Each frequency step covers all lower steps. 


Order 
Number 
Description 
EMUL51-PCffR4 
12 MHz 4 kiloframe (4096 frames) Trace Buffer. 


EMUL5I-PCffR4-16 
16 MHz 4 k Trace Buffer. 


EMUL51-PCffRI6 
12 MHz 16 k Trace Buffer. 
EMUL51-PCffRI6-16 
16 MHz 16 k Trace Buffer. 
EMUL51-PCffRI6-20 
20 MHz 16 k Trace Buffer. 
EMUL51-PC!fRI6-24 
24 MHz 16 k Trace Buffer. 
EMUL5 1·PC/fRI 6-30 
30 MHz 16 k Trace Buffer. 
EMUL51-PC/fRI6-33 
33 MHz 16 k Trace Buffer. 


Advanced Trace Boards feature 32-bit timestamping with 16-bit prescaler, eight-level triggers, state and counter functions, search. 


Order 
Number 
Description 
EMUL5I-PCIATR64-16 
16 MHz 64 k Advanced Trace Buffer. 


EMUL51-PCIATR256-16 
16 MHz 256 k Advanced Trace Buffer. Contact Nohau for availability. 
EMUL51-PCIATR64-24 
24 MHz 64 k Advanced Trace Buffer. 


EMUL51-PCIATR256-24 
24 MHz 256 k Advanced Trace Buffer. 
EMUL51-PClATR64-33 
33 MHz 64 k Advanced Trace Buffer. 
EMUL51-PCIATR256-30 
30 MHz 256 k Advanced Trace Buffer. 


BONDOUT 
PODS, 24.PIN, 
40·PIN, 
68·PIN, 
84·PIN 


Allow full emulation of internal, external and mixed modes of bus or port input/output. On-board POD crystal is 12 MHz on all PODs of 
any frequency specification. Each step up in frequency rating covers all lower frequency steps. 


Order 
Number 
Description 


POD-C5IB 
12 MHz Bondout POD for 8OC51,8051, 87C51, 8751, 8OC31,8031, 80C183C652, 
83C654, 80C183C662, 
80C183C851 single-chip or external mode. 
POD-C5IB-16 
16 MHz Bondout POD for 80C187C51-1, 80C187C51, 80/8751, 
8OC31-1,8OC31,8031, 80C183C652, 
83C654, 
80C183C662, 
80C183C851 single-chip or external mode. 
POD-C5IB-24 
24 MHz POD for 80C187C51-24, 
80/8751, 
8OC31-24,8OC/83C6521654, 
8OC/83C662, 
80C183C851 
single-chip or 
external mode. Special Requirement: 
Due to bondout chip timing, this POD requires a 30 MHz emulator board and 
trace board must be 30 MHz if used. 


POD-CL4lO 
POD for 83CL41O, 83CL61O,8OCL31,8OCL51.Target voltage range: 1.5-5.0V. Maximum frequency: 12 MHz at 
5.0V.This POD is intended for emulating internal code. External bus operation is limited. 


POD-C45IB-PGA 
12 MHz Bondout POD for 83C451, 87C451, 8OC45I PLCC, single-chip or external mode. PGA from POD. Use 
optional adapter for PLCC target. 


POD-C45IB-PGA-16 
16 MHz Bondout POD for 83C451, 87C451, 8OC45I PLCC, single-chip or external mode. PGA from POD. Use 
optional adapter for PLCC target. 


POD-C552B-PGA 
12 MHz Bondout POD for 83C552, 87C552, 8OC552PLCC, single-chip or external mode. PGA from POD. Use 
optional adapter for PLCC target. 


POD-C552B-PGA-16 16 MHz Bondout POD for 83C552, 87C552, 8OC552 16 MHz, 12 MHz single-chip or external mode. PGA from 
POD. Use optional adapter for PLCC target. 
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POD-C552B-PGA-24 24 MHz Bondout POD for 8XC552 or 8XC562 PLCC single-chip or external mode. PGA from POD. Use optional 


adapter (etc). Special Requirement: 
Due to bondout chip timing, this POD requires a 30MHz emulator board and 


trace board must be 30 MHz if used. 
12MHz Bondout POD for 83CL580. 
Order as POD-C5IB. 
12 MHz 83C750, 87C750, 83C751, 87C75I, DIP POD. Includes EXT-DIP24. 
16 MHz 83C750, 87C750, 83C751, 87C751, DIP POD. Includes EXT-DIP24. 
12 MHz POD for 83CI,.781,83CL782, 83CL52 


POD-CL580 
POD-C652B 
POD-C75I 
POD-C751-16 
POD-CL782 


''HOOKS'' 
MODE 
PODS, 28·PIN, 
40·PIN, 
42.PIN, 
44-PIN, 
68-PIN 


Standard chip operated in special "hooks" emulation mode for single-chip or external modes. Some electrical characteristics are different 
from microcontroller's. On-board POD crystal is 12 MHz on all PODs of any frequency specification. 


Order 
Number 
Description 


POD-C52 
12 MHz POD for 8OC31,8OC32,8OC51,8OC52,87C51, 87C52. 
POD-C52-16 
16 MHz POD for 8OC31,8OC32,8OC51,8OC52,87C51, 87C52. 
POD-C528 
12 MHz POD for 8OC528,83C528, 87C528, 83C524, 83C528. 


POD-C528-16 
16 MHz POD for 8OC528,83C528, 87C528, 83C524, 83C528. 


POD-C550-PGA 
12 MHz POD for 8OC550,83C550, 87C550. PGA from POD. Use optional adapter for PLCC target. 


POD-C550-PGA-16 
16 MHz POD for 8OC550,83C550, 87C550. PGA from POD. Use optional adapter for PLCC target. 


POD-C575 
12 MHz 87C575, 87C575 chip may have to be supplied by user. 
POD-C592-PGA 
12 MHz POD for 8XC592. 8XC592 chip may have to be supplied by user. PGA from POD. Use optional adapter for 
PLCC target. 


POD-C592-PGA-16 
16 MHz POD for 8XC592. 8XC592 chip may have to be supplied by user. PGA from POD. Use optional adapter for 
PLCC target. 
12 MHz 83C752, 87C752 DIP POD. Includes EXT-DIP28. 
16 MHz 83C752, 87C752 DIP POD. Includes EXT-DIP28. 
12 MHz POD for 8XC053, 8XC054, 8XC055 (Micocontroller-for-Television-Video). 
16 MHz POD for 8XC575. 


POD-C752 
POD-C752-16 
POD-C054 
POD-C575 


POD BOARDS, 
40 PIN EXTERNAL 
MODE 


Port 2 is upper address bus only. Port 0 is address/data bus. P3.6 is WRITE, P3.7 is READ. On-board POD crystal is 12 MHz on all PODs 
of any frequency specification. Each step up in frequency rating covers all lower frequency steps. 


Order 
Number 
Description 


POD-31 
12 MHz 8031 POD. 
POD-C31 
12 MHz 8OC31POD. 
POD-32 
12 MHz 8032 POD. 
POD-C32 
12 MHz 8OC32POD. 
POD-C652 
12 MHz 8OC652POD. 
POD-C31-1 
16 MHz 8OC31-1POD. 
POD-C32-16 
16 MHz 8OC32POD. 


POD-C31-20 
20 MHz 8OC31POD. 
POD-C31-24 
24 MHz 8OC31POD. 
POD-C31-30 
30 MHz 8OC31POD. 
POD-C31-33 
33 MHz 8OC31POD. 


-S version of the above boards allows P3,6, P3.7 to be used either as unidirectional 
I/O or write and read. (Example: POD-31-S; 
POD-C31-S-I; POD-C32-S-16.) 


EXTERNAL 
MODE 
PODS, 64.PIN, 
68·PIN 


Port 2 is upper address bus only. Port 0 is address/data bus. P3.6 is WRITE, P3.7 is READ. On-board POD crystal is 12 MHz on all PODs 
of any frequency specification. Each step up in frequency rating covers all lower frequency steps. 


Order 
Number 
Description 


POD-C451-DIP 
12 MHz 8OC451DIP POD. 
POD-C451-DIP-16 
16 MHz 8OC451DIP POD. 
POD-C451-PGA 
12 MHz 8OC451PLCC POD. PGA from POD. 
POD-C451-PGA-16 
16 MHz 8OC45I PLCC POD. PGA from POD. 
POD-C552-PGA 
12 MHz 8OC552POD. PGA from POD. Use optional adapter for PLCC target. 


POD-C552-PGA-16 
16 MHz 8OC552POD. PGA from POD. 
POD-C562-PGA-16 
16 MHz 8OC562POD. PGA from POD. 
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BOX OPTIONS 


Box units are AC line-powered. 
Emulator 
software 
runs under DOS on PC and uses a COM port at 110 baud to 115 kilobaud. 
Serial cable 
included. 


Order Number 


EMUL51-PClBOX-S 
EMUL51-PClBOX-CS 
EMUL51-PClBOX-CS-20 
EMUL51-PClBOX-CS-24 
EMUL5l-PClBOX-CS-30 


Order Number 


EMUL51-PClPRG 
EMUL5I-PClPRG75I 
EMUL51-PClEXT-DlP24 
EMUL51-PClDIP24-ISO 
EMUL5l-PClDIP24-PLCC28 
EMUL5l-PClEXT-DlP24-PLCC28 
EMUL51-PClEXT-DlP28 
EMUL51-PClDIP28-PLCC28 
EMUL51-PClDIP28-ISO 
EMUL51-PClDIP28-DIP24-ADAP 


EMUL5l-PClEXT-DlP4O 
EMUL51-PClDIP4O-ISO 
EMUL5l-PClDIP4O-PLCC44 
EMUL51-PClDIP4O-0NCE-DlP4O 


EMUL51-PCJPGA44-PLCC44 
EMUL51-PCJPGA44-PLCC44-EL2 
EMUL51-PClEXT-DlP48 
EMUL5I-PClDIP48-ISO 
EMUL51-PCJPGA68-PLCC68 
EMUL51-PCJPGA68-DlP84 
EMUL51-PCJPGA68-ISO 
QILEXT-I 
EMUL51-PC/EZ 


EMUL51-PClCBLl 
O-S 
EMUL51-PClCBLIO-A 
EMUL51-PClCBL5-A 


Description 


Serial Box. Select emulator 
separately; 
trace optional. 
POD not included. 
Serial Box with E128-l6 
Emulator 
and TR16-l6 
Trace. POD not included. 


Serial Box with E128-20 
Emulator 
and TR I6-20 Trace. 
POD not included. 


Serial Box with EI28-24 
Emulator 
and TRI6-24 
Trace. POD not included. 
Serial Box with E128-30 
Emulator 
and TR16-30 
Trace. POD not included. 


Description 


Universal 
Programmer 
(EPROM, 
8751, 87C5l, 
PAL). 
Programmer 
for 87C751, 
87C752. 
Additional 
externder 
cable for 24 pin DIP. 
24 pin DIP Isolator. 
24 pin DIP to 28 pin PLCC. 
Extender 
cable, 24 pin DIP to 28 pin PLCC. 


Extender 
cable, 28 pin DIP. 
28 pin DIP to 28 pin PLCC. 
Additional 
28 pin DIP Isolator. 
28-pin 
(O.600-In) 
to 24-pin 
(0.300-In) 
adapter 
to plug POD-C752 
into 8XC75 I target. The user is 


responsible 
for port and register 
compatibility. 


Extender 
cable for 40 pin DIP. 


Additional 
40 pin DIP Isolator. 


40 pin DIP to 44 pin PLCC. 
Clips over target microcontroller. 
Disables 
target micro to allow emulation 
without 
removing 
target 
chip. Works only on chips with on-chip 
emulation 
(ONCE) 
disable 
feature. 


Clips over target 
microcontroller. 
Disables 
target micro to allow emulation 
without 
removing 
target 
chip. Works only on chips with on-chip 
emulation 
(ONCE) 
disable 
feature. 


PGA to PLCC adapter, 
44 pin. 


PGA to PLCC "elevator" 
or "tower" 
rigid 2-inch extender-adapter. 
Extender 
cable for 48 pin DIP. 
48 pin DIP Isolator. 
PGA to PLCC 
adapter 
unit, 68 pin. 


PGA to DIP adapter 
unit for 451 PGA PODs to plug into DIP target. 


68 pin PGA Isolator. 
Extractor 
tool for PLCC parts. 
E-Z-Hook® 
wires for trace. 


E-Z·Hook 
is • registered 
trademark 
of Tektest. 
Inc. 


10 foot substitute 
for 5 foot POD cable (not for bondout 
PODs). 


Additional 
10 foot POD cable (not for bondout 
PODs) 
Replacement 
5 foot POD cable 


User selectable 
as two banks of 64 kBytes, 
or as three switchable 
banks in upper half (8000 - FFFF) 
with lower half (סס OO - 7FFF) 
not 
switchable. 
MOVX 
read-write 
data memory 
is only separate 
from code if data is mapped 
to target. 


Order Number 


EMUL5l-PClEI28-BSW 
EMUL51-PClEI28-BSW-16 
EMUL51-PClE256-BSW 
EMUL51-PClE256-BSW-16 
-BSW option 
to any POD 
Examples: 
POD-31-BSW 
POD-C31-BSW-I 
POD-31-S-BSW 


Description 


12 MHz Bankswitch 
Emulator, 
128 kB Emulation 
Memory. 
Requires 
Bankswitch 
POD. 


16 MHz Bankswitch 
Emulator, 
128 kB Emulation 
Memory. 
Requires 
Bankswitch 
POD. 


12 MHz Bankswitch 
Emulator, 
256 kB Emulation 
Memory. 
Requires 
Bankswitch 
POD. 


16 MHz Bankswitch 
Emulator, 
256 kB Emulation 
Memory. 
Requires 
Bankswitch 
POD. 


12 MHz 8031 Bankswitch 
POD. 


16 MHz 8OC31-1 Bankswitch 
POD. 


12 MHz 8031 -S option 
Bankswitch 
POD. 
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SOFfWARE PACKAGES 
Order Number 
Description 


NOHAU Corporation 
SIMUL51-PC 
EMUL51-PCISWSUB 
Archimedes Software, Inc. 
ARCHMlC-805IPC 
ARCHMISIM-805IPC 


Avocet Systems, Ine. 
AVOCFIT/AVA51 


BSOffasklng 
BSOTSKlC51PKG 
BSOTSKlPLM51PKG 
Chip Tools, Inc. 
CV51-NOH 
CV51-S 
CV51-SNOH 


Franklin Software, Inc. 
FRANKLIN/4OI0 
fRANKLIN/5020 
fRANKLINn020 
fRANKLIN/8220 


Nohau 803118051 Simulator. Same interface as EMUL51-PC. 
EMUL51-PC emulator software update service. one year. 


Archimedes C-8051PC V4 C-Compiler & Assembler. 
Archimedes 8051 SimulatorlDebugger (SimCASE Sim-805 IPC) for CC51. PLIM-51 & ASM. 


Avocet Systems AvCase51 8051 Assembler 


Avocet is a registered 
trademark 
of Avocet Systems, 
Inc. 


BSOlTasking 8051 Family C-Compiler and Assembler Package. 
BSOlTasking 8051 Family PLIM Compiler and Assembler Package. 


Chip Tools Chip View-51 High-LeveVLow-Level Debugger Emulator interface for EMUL51-PC. 
Chip Tools Chip View-51 High-Speed Simulator. 
Chip Tools Chip View-51 CV51-NOH + CV51-S Combo package. 


Chip Tools and Chip View are uadcmarks 
of Chip Tools, 
Inc. 


Franklin 8051 Macro Assembler with Linker. Librarian. Object-to-Hex utility. 
Franklin V3 Very High Performance 8051 Compiler & Assembler. 
Franklin V5 SimulatorlDebugger. Windowed Interface. 
Franklin Developers Kit with 5020 Compiler. 4010 Assembler and 7020 SimulatorlDebugger. 


Franklin 
is a b'ademuk 
of Franklin 
Software, 
Inc. 


Intermetrlcs 
Microsystems Software, IncJWhltesmiths, 
Ltd. 


INTERMFIT/C851HX 
Intermetrics Whitesmiths C-Compiler and Assembler. Extended. 


INTERMETID851HXNOH 
Intermetrics Whitesmiths C Source-Level DebuggerlEmulator Version (Interface for EMUL51-PC). 
INTERMETID851HXSIM 
Intermetrics Whitesmiths C Source-Level Debugger/Simulator Version. 


Whitesmiths and CXDB arc registered trademarks of lntennetrics. Inc. 


The EMUL51-PC 
Emulator. Trace. POD, and Box hardware is sold with a one-year warranty. The EMUL51-PC 
Emulation 
software is sold with no warranty. but upgrades will be distributed 
to all customers 
up to one year 
from the date of purchase. Nohau Corporation 
makes no warranties, 
express or implied, including, 
but 
not limited to. the implied warranties 
of merchantability 
and fitness for a particular 
purpose. In no 
event will Nohau Corporation 
be liable for consequential 
damages. The SIMUL51-PC 
Simulator 


software includes updates for a period of one year. Third-party 
software and programmers 
sold by 


Nohau carry manufacturers' 
warranties. 
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People sometimes 
ask: "How do I choose which POD to use for the 805 I-family 
chip I want to emulate?" 


Which POD you pick for your application 
depends on several things. 
What micro you are using, 
the frequency, 
the mode you 
are using it in, your target configuration, 
and price all playa 
part. 
The EMULSI-PC 
ORDER 


INFORMATION 
can help you choose among the POD types available from Nohau. 


Nohau has several categories 
of PODs: 
(I) External-mode 
PODs; 
(2) Bondout PODs; and (3) "Hooks"-mode 
PODs. 


External or microprocessor-mode 
PODs have several clear advantages. 
They are the cheapest type of POD. They have 
easily-replaceable 
standard microcontrollers. 
Your program runs on the real production 
part, with most 
of the lines directly connected 
to your target. You can use them where your microcontroller 
has 


external program or external read-write 
memory. With this type of POD, Port 2 is used only for the 


upper address bus and not as port input-output 
(I/O). Port 0 is used as a multiplexed 
address and data 
bus. In most of these PODs, P3.6 can only be used as the write line and P3.7 as only the read line. The 
POD·31 
is a typical external POD. 


Your target system shares Port 0 and Port 2 with the emulator. The emulator uses Port 0 to run its monitor code when it is not 
executing 
your code in real-time. When you are not running real-time emulation, 
the POD holds the 


Program Store ENable line (pSENI) high so that your external read-only 
memory (ROM) is not 


enabled. It also holds the ReaD/line 
and WRite/lines 
high so that none of your external read-write 


random access memory (RAM) or I/O is enabled. 


But in the monitor (not emulating) 
mode, the address lines of both Port 2 and Port 0 are active and can output any address in 
the 64 kByte address range. It is up to your target system to prevent enabling any device unless the 
PSEN/ or the RO/ or the WRlline 
goes low. 


If you are emulating 
a ROM-less 
part, like the 8031, you can use the POD·31 
type of POD. You also might use this POD for 
some internal ROM applications. 
You could use it for designs that have all of Port 2 and Port 0 used as 


external buses. This is true even though the program can be executed from on-chip 8051 program 
memory in your final product. This is a case where your target schematic, 
rather than the device you 
are using lets you use this type of POD. So though the part may ultimately 
be an 8051 or 8751, you 
can use a POD·31 
because you are using the ports as buses. 


If you are emulating 
the 8OC31, 8032, 8OC32 or 8OC652, you can get external-mode 
PODs for these microcontrollers. 
With the 


POD·31, 
you can emulate all those parts in external mode at up to 12 MHz. You can get the POD with 


the correct micro installed, such as a POD·32. 
Or you can change among the types by changing 
the 


microcontroller 
component 
in the POD yourself. 


16 MHz, 20 MHz, 24 MHz, 30 MHz and 33 MHz PODs are available for 40-pin parts. If you use a POD·C31·1 
with a 16 


MHz rated emulator, you can support such parts as the 8OC31-I, 
8OC32-l and 8OC652-1. Any 


higher-frequency 
POD and emulator set can support all the lower frequencies. 


For emulating the 8OC45 I, 8OC552, or 8OC562 other external mode PODs are available. PODs for dual inline package (DIP) 


parts have a DIP plug coming out of the bottom of the POD. PODs 
for plastic leaded chip carrier 
(PLCC) parts have a pin-grid array (PGA) plug coming out from 
the bottom of the POD. To plug a 


PGA POD into a PLCC socket, you can get an optional adapter. The PGA68-PLCC68 
is a typical 
adapter. If your target board has feed-through 
holes and you solder a PGA socket into it, you don't 
need an adapter. If your target board already has a PGA socket, you don't need an adapter. 


POD·31·S: 
All the above external PODs use P3.6 as WRI and P3.7 as RO/. But there is a 40-pin external mode POD version 


that lets you use these two lines as I/O. The basic board is the POD·31·S. 
This special -S option lets 
you select whether the two lines are to be WRI and RO/ 
or else I/O. They can be unidirectional 
port 


lines (input-input, 
input-output, 
output-input, 
or output-output). 
You also can get this POD in the 


variations of 16 MHz and 20 MHz and any of the 40-pin part variations 
listed above. 
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2. 
Bondout PODs 


Bondout PODs use special microcontrollers 
that the semiconductor 
manufacturers 
designed to perform all the functions of the 
part. They also have additional lines "bonded out" from the chip 
that allow control for emulation. 


PODs with these special chips cost more than PODs with widely available commercial 
chips, but give 
you a greater flexibility 
in how you use the ports. 
These PODs allow you to use any combination 
of 
internal or external mode of the chip, and respond to the state of the External Access (EAI) pin. 


Nohau has bondout PODs for many different microcontrollers. 


You can emulate the 80/8OC51, 87/87C51, 
80/8OC31, 80C183C187C652, 
83C/87C654, 
8OC/83C662 and 8OC/83C85I 
with the 
POD·C51B. 
16 MHz and 24 MHz versions are available. 


To emulate the 83C451, 87C451 and 8OC451 in the PLCC package, you can use the POD-C451B-PGA. 
See the previous 
discussion 
about PGAs. 


For emulating 
the 8OC/83C/87C552 
and 8OC/83C/87C562 
you can use the POD-C552B-PGA. 
It also is available in a 16 MHz 
and 24MHz versions. 


For emulating 
the 83C750, 87C750, 83C751 and 87C751, use the POD-C751. 
It has a 24 pin DIP plug on the bottom of the 
POD. You also can get an adapter to plug into 28 pin PLCC sockets. A 16 MHz version is available. 


For emulating the 8XCIAIO, 
8XCL31, and 8XCL51, use the POD-CUIO. 


For emulating 
the 83CL580, 
use the POD-CL580 
and a special adapter. 


For emulating 
the 83CL 781, 87CL 781, 83CL 782, 87CL 782 and 8OCL52, use the POD-CL 782. 


You should be aware of one small problem that most 8051 bondout parts have with serial communication. 
Specifically, 
if your 


program has written to SBUF, but the TI flag has not been set, and you then break emulation, 
the TI 
flag will never be set after you resume emulation. 


Bondout PODs give you the best of both worlds. They let you mix how you use the ports. So you can emulate the single-chip 
mode using the ports as I/O. Or you can emulate external bus mode. Or you can emulate a mix of both 
modes. 


The newest type of POD Nohau offers uses a different technique 
for emulating. 
Certain chips can be put into a proprietary 
"hooks" mode that multiplexes 
the port information 
in and out of the part. The chip can still put out 
address and data. Most have 16 MHz versions available. 
This group includes these PODs: 


The POD-C752 
is for emulating 
the 83C752 and 87C752. It has a 28 pin DIP plug on the bottom of the POD. You also can get 
an adapter to plug into 28 pin PLCC sockets. 


The POD-C52 
can emulate the 80/80C187/87C51, 
80/8OC/87/87C52, 
80/8OC31 and 80/8OC32. You can use this POD when 
you need to emulate the 8052-type parts in single-chip 
mode when you are using Timer 2. 


The POD-C528 
can emulate the 80/80C187/87C528 
and 83/87C524. 


The POD-C592-PGA 
can emulate the 8XC592. See the previous discussion 
about PGAs. 


The POD-C550-PGA 
can emulate the 80/8OC/87/87C550. 
It has a 44-pin PGA plug. You also can get an adapter to plug into 
44-pin PLCC sockets. 


The POD-C558-16 
can emulate the 83CE558 ad 89CE558. 


The POD-C575 
can emulate the 8X575. 


The POD-C054 
can emulate the 8XC053/054/055 
"MTV" chip. 


With the "Hooks"-Mode 
PODs, you use jumpers to select whether the code is to be fetched from the emulator RAM or from 
external ROM. You also select whether the read-write 
memory is in the emulator or on your target 
board. The ports on these PODs may have slightly different electrical characteristics 
than the 
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microcontroller. 
Specifically, 
some output signals can appear up to three clock cycles later than on the 
actual part. Also, some ports have greater current sink or sink and source capacity or slightly higher 
impedance 
than the actual part. For almost all applications, 
these differences 
will have no detrimental 
effects. 


You can use any size EMUL51-PC 
emulator and optional trace board with any POD you choose in Nohau's 
EMUL51-PC 
family. Choose an emulator and trace board with frequencies 
as fast or faster than the frequency 
of 
your fastest POD. If you need more information 
about which POD would best fit your application, 


please contact Nohau. 


LCP 
80C51 Family Programmers 


The LCP family 
of 80C51 
programmers 


supports 
the entire 
line of Philips 
80C51 


microcontroller 
derivatives. 
The LCP is 


a low cost approach 
to programming 


microcontrollers. 
It was designed 
to be 


used with a standard 
PC. The PC 


provides 
the "brains· 
or processing 


power 
and buffer 
memory. 
The LCP 


programmers 
are ideal for development 


purposes 
or short production 
runs. 
There 
are two models 
of the LCP 


programmer; 
one for the standard 


40-pin 
DIP and 44-pin 
LCC devices, 
and 


the other for 24- and 28-pin 
DIP and 


68-pin 
LCC devices. 


• 
Low cost programmers 
for 80C51 


family 
of microcontrollers 


• 
Serially 
linked to IBM PG--program 


time is approximately 
3 minutes 
for 32K bytes 


• 
Programs 
and verifies 
code bytes 


and security 
bits 


• 
Programs 
microcontroller 
from 


standard 
hexadecimal 
files from PC 


• 
Provides 
one button 
function 
key 


routines 
for common 
operations 


• 
Allows 
programming 
multiple 
devices 


with the same code using 
a single 


command 
to repeat 
the blank 


check/program/verify 
function 


Microcontroller 
Programmers 


Description 


• 
Serially linked to IBM compatible host by RS-232 serial link 


• 
Programs and checks security bits 


• 
Reads and verifies microcontroller code 


• 
Can be used to program multiple devices with one 
keystroke per device 


• 
Performs standard programming functions using PC 
function keys including: 
F1 
Check Blank [Verifies all memory locations contain FF] 


F2 
Program [Writes code from buffer into part] 


F3 
Verify code [Ensures a match between the buffer code 
and the microcontroller code] 


F4 
Verify Security bit [Checks status of security bit] 


F5 
Auto Program (for multiple devices) [Allows sequential 
programming of several microcontrollers] 


F6 
Read File (load buffer) [Reads a specified HEX file into 
the buffer from disk] 


F7 
Read ROM (reads microcontroller ROM is not secured) 
[Loads code in microcontroller into PC buffer] 


Fa 
View buffer [Allows user to view code] 


F9 
Setup [Calls the setup menu to select parameters] 


F10 
Quit [Returns to programmer main menu or to DOS] 


Each Kit Includes: 
(both kits contain the necessary hardware and software to 
program Philips microcontrollers using an IBM compatible 
PC/XT/AT) 


• 
Programmer Board (165mm x 95rnm) 
with Zero Insertion Force sockets, 9-pin D serial connector, 
and 9V power connector 


• 
Software provided on 5.25" floppy (360K) 


• 
User Manual with step-by-step instructions 


• 
RS-232 Serial Cable with 9-pin D connector to attach to a 
computer serial port 


• 
9-pin D connector to 25-pin D connector adaptor 


• 
9V to 11OVAC adaptor (North America only) 


• 
AC adaptor for Europe and Asia 


Specifications: 


• 
Circuit board-with 
Zero Insertion Force sockets 


(Board does not contain program buffer-buffer 
is kept in 


PC memory) 
RS-232 communication port for serial communications with 
a personal computer [Pin 2 RXDITXD, Pin 3 TXD/RXD, 
and 


Pin 5 is Ground] (Jumper block on board) 


• 
Serial Cable with D connectors (approximately 6 feet long) 


• 
Programming software and manual 
(Software only runs on an IBM compatible PC/XT/AT 
under 


DOS 2.0 or higher) 


P8051 LCP40 SO 
P8051 LCPX SO 


Programs: 
87C51 
Programs: 
87C751 
(DIP) 


87C550 
87C752 
(DIP) 


87C52 
87C451 
(PLCC) 
87C652 
87C552 
(PLCC) 
87C654 
87C528 
Packages: 
24-Pin Dual In-Line 
28-Pin Dual In-Line 
Packages: 
40-Pin Dual In-Line 
68-Pin LCC 


44-Pin PLCC 
68-Pin LCC (alternate 
pinout) 


Available 
through 
Philips distributors. 
Available 
through 
Philips distributors. 


For more information, call: (800)447-1500 


for the number of your nearest Philips Semiconductors 
Sales Office. 


Development 
System 


for 80C51 and Derivatives 


INTRODUCTION 


The PDS51 is a board-level, full 
featured, In-Circuit Emulator for 
the Philips 80C51 family of 
Microcontrollers. 
It allows the user 


complete access to the internal 
registers and full execution control 
with no chip resources being 
consumed. 
As standard, the PDS51 


is supplied with sufficient memory to 
enable emulation of the complete 
64K of directly addressable code 
memory and a 28K line by 32 bit 
wide, real-time trace buffer. 


The PDS51 system consists of two 
interconnected 
modules. One board 


(the motherboard), 
contains the 


systems that are common to any 
derivative emulation such as the 
control microcontroller, 
logic, 
communication 
interface and power 


supply. The second board (the 
daughterboard), 
contains the 
bondout microcontroller 
which 


determines the target devices able to 
be emulated. Most daughter boards 
are able to emulate more than one 
target, making the range of devices 
available for emulation broad with 
minimal expense. 


External breakpoints, trace control, 
emulation running and fetch address 
controlled output trigger signals are 
provided for interfacing and 
synchronising to external equipment. 


The PDS51 is controlled via an 
RS232 serial interface by a PC 
running terminal emulation or the 
PDS51-IDE debugger supplied. The 
Integrated Development Environ- 
ment is a windowed command 
and 


display environment which runs on 
PC XT, AT, 386, 486 or compatibles. 


FEATURES 


• 
Supports Philips 80C51 family 


• 
Universal motherboard 


• 
Bondout dependant 
Daughterboard 


• 
In-Circuit emulation 


• 
No stolen resources 


• 
64K emulation code space 


• 
Hardware Breakpoints (to 64K) 
on: 


Fetch address 
Fetch address and external 
signal 


• 
Real-time trace (28K steps by 32 
bits) 


• 
Traced information 
Fetch address 
Port pins 


External trace probes 
Control info (inta, c1 , movx) 


• 
Conditional trace on: 


Fetch address 
External signal 


• 
RS232 interface to PC 


• 
Controlled via Terminal Emulation 
with SDS command 
set or 


Debugger 


• 
Integrated Development 
Environment: 
Window interface 
Pull down menus 
Symbolic or Source level 
debug 
, Borland style key strokes 


File interface via Hex or 
OMF51 


• 
Low cost 


Development 
System 
for 80C51 and Derivatives 


The PDS51-IDE 
Integrated 
Development 
Environment 
pro- 
vides an easy to use windowed 
environment 
that consists 
of five 


non-overlapping 
resizable 
panes 
that display 
Code, SFR's, internal 
data RAM, external data RAM (if 
enabled) 
and the stock area. 


Borland 
compatible 
hot-keys 
provide 
fast and familiar access 


to frequently 
used functions, 
while 
pull down menus lead the new 
user to the desired 
operation. 


File and DOS operations 
are 


integrated 
into the development 


environment 
with hot-key (or menu 


selected) 
entry to edit, assemble 
and load. 


CO<Ie 
o 8882 
SfB's 
==========e=rStack 


0000 01 ~ 
ACC 
81h 
PSU 
88888881b 12:12 


forgod: 
HALT 
Ctr I-Dk 
11:11 


0002 D2 ----- --------------- 
BO (OJ 
88h 
@ROint 
88h 10:18 


0001 80 
Reset 
Ctr l-f2 
Rl (OJ 
18h 
@Rtint 
18h Of:8F 


0006 00 -------------------- 
OE:8E 


0007 00 
Bun to Cursor 
f4 
P2 
11118888b 
PO 
88088888h OD:8D 


0008 00 
Step 
Into 
f7 
P3 
'A' 
PI 
11111111h OC:OC 


0009 00 
Step P.st 
f8 
OB8B 


OOOA00 -------------------- 
EA 
1 
P2.4 
1 
9A:8A 


t8int: 
GoTo 
Ctrl-G 
ETO 
1 
P3.S 
8 
09~88 


OOOBDB 
nt 
08:82 


~OOOD78 20 
MOV 
rO, np3S_rate 
ILO 
81h 
07:81 


ooor B2 BS 
cpl 
p3.S 
Interna I Dato - 
0011 15 90 
dec 
pI 
00 
88 18 82 83 81 85 8& 81 
U~\~MO 


0013 07 
iuc 
@rl 
08 
82 88 8A 8D 8C 80 8£ 8F 
~~~~'F\i~i: 


nxtint: 
10 
18 11 12 13 11 15 1& 11 n~mn 


~ 
18 
18 19 1A 18 1C 10 1£ 1F 
\i~i~'s~~~ 


cstrt: 
20 
28 21 22 23 21 25 2& 21 
''''$"/.1' 


0015 E1 
c1r 
a 
28 
28 29 2A 28 2C 20 2E 2F 
0-,-./ 


0016 78 ff 
nou 
rO, ~ff 
External 
Data 
0018 E8 
nou 
a, 
rO 
0000 
88 88 88 88 88 82 88 88 
'l,'ll'6'6'6\~'6 


0019 F6 
nou 
@rO, a 
0003 
88 80 08 88 88 82 88 82 ~~~~~nl. 


.. 


Code = rE 
~OOOO01 15 
fDrgod: 
0002 H2 BO 
0001 BOrc 
0006 00 
0007 00 
OOOB00 
0009 00 
OOOA00 
t8int: 


cpl 
pO.O 
sjnp 
forgnd 


!lOp 
nop 
nop 
nop 
nop 


0000 78 20 


OOOF H2 
B5 
0011 15 90 
0013 07 
nxtint: 
0014 32 
cstrt: 
0015 Ei 
0016 78 ff 
0018 IB 
0019 F6 


nau 
rO, np35]ate 
cp 1 
p3.5 
dec 
pi 
inc 
@rl 


retl 


clr 
• 
nou 
rO, ~ff 


nou ., rO 
nou 
@rO, a 


'Stack 
80888888b 12:12 
11:11 
21h 10:18 
18h Of:8F 
OE :8E 
11188888h OD:8D 
11111111h OC:8C 


08 :8D 


1 
8A:8A 


8 
09 :89 
08:88 
no 
88h 
87~81 
IIltern. 1 D.t. 
==================:d=====1 
00 
21 18 82 83 81 85 8& 81 
!U\Wlt 
08 
88 89 8A 88 8C 8D 8£ 8F mw.n 
10 
18 11 12 13 11 15 1& 11 n~%~m 
18 
18 19 1A 18 1C 1D 1£ 1F \i~mm 
20 
28 21 22 23 21 25 2& 21 
''''$"/.1' 
28 
28 29 2A 28 2C 20 2E 2F 
0••,-./ 
30 
38 31 32 33 31 35 3& 31 
81231561 
38 
38 39 3A 38 3C 30 3£ 3F 
89: ; (=>, 
10 
18 11 12 13 11 15 16 11 
WCBErG 


88h 
PSU 


21h 
@ROint 
18h 
@Rtint 


11111111b 
P8 
'A' 
P1 


8 
P2.4 
8 
P3.5 


The code pane displays 
disassembled 
symbolic 
source or 


a full source 
listing and a cursor to 


direct operations. 
SFR and 


memory operands 
under the 


cursor are evaluated 
and 


displayed 
at the top of the pane. 


Breakpoints, 
triggers, 
trace inhibits 


and external 
break points may be 


hot-key set and cleared 
at the cur- 


sor while remaining 
visible to the 


user as background 
shading 
of the 


source. 


The SFR pane layout, content 
and 


display 
format are user defined 


and may be edited 
at any time. 


Valid display formats 
include 
hex, 


ascii, binary, signed 
and unsigned 


decimal. 


Development 
System 


for 80C51 and Derivatives 


Data entry to SFR, internal and 
external 
memory may be made in 


hex, ascii, octal, decimal 
or binary 


at user discretion, 
reinforcing 
the 
fast and friendly 
interface 
concept. 


The huge 28K x 32 bit trace buffer 
is loaded 
in real time to provide 
subsequent 
viewing 
of past 


events. Executed 
code is 
presented 
in symbolic 
format on a 


cycle by cycle basis along with 13 
user selectable 
sampled 
inputs. 


Trace buffer viewing 
is aided by a 


cursor which is execution 
time 


referenced 
to the current program 


counter. 
Additional 
windows 
offer 


an execution 
profiler for identifying 


hot-spots 
for subsequent 
code 


optimization. 


.,mt·'~1G! 


I 


Code = B =,-----------,SFR's 
~tack 


o 
Trace 
Buffer 
====:=::::::==:12 


h 
~IU 


~O 001B 
nou 
a, 
rO 
. 
fetch 
11111111 
01111 ti8 
fl 
0019 
nou 
OrO, a 
fetch 
11111111 
01111 
8F 


o 
001A 
djnz 
rO, 
0018 
fetch 
11111111 
01111 
8E 


I 0 
001B 
dunny 
11111111 
61111 
8D 


o 
001e 
seth 
ea 
fetch 
11111111 
01111 
8C 


o 
OOlE seth 
etO 
fetch 
11111111 
01111 
88 
o 
H 
: 
8A 


t8 
0022 
nou 
rO, 
#p35.rate 
fetch 
11111111 
01111 
89 


o 
0024 
MOU 
rl. 
#10 
fetch 
11111111 
01111 
88 


o 
0026 
nou 
p2, 
uFO 
fetch 
11111111 
01111 
87 


o 
0028 
dunny 
11111111 
61111 
o 
0029 
sjnp 
forgnd 
fetch 
11110000 
01111 
~o 


o 
002A 
dUMny 
11110000 
01111 
l.'t 


nx 
0002 
cp I 
pO.0 
fetch 
11110000 
01111 
~'il 


o 
0004 
sjnp 
forgnd 
fetch 
11110000 
01111 
~~ 
~ 
r 


o 
delta 
0 -9 cycles 
(·9.000 
us) 
.I 
0'-------- 
----------------------.J=i 


0018 EB 
nou 
a, 
rO 
0000 
88888888888288·88 
'IMtt\tt 


0019 F6 
nou 
OrO, a 
OOOB 88 88 88 88 88 e2 88 82 
tttt~\~\ 


Power-Up 
Commands 
specified 
address) 
Memory 
Set Commands 
RESET 
Back to initialization 
UD 
User-defined 
memory 
All registers can be set 


Program 
Execution 
Commands 
address 
on display 
and displayed 
by 


BRA 
Break on address, 
Memory 
Access 
Commands 
commands 
equal to their 


addresses 
or ranges of 
DBYTE 
Displays specified 
byte 
names (PSW, SCON, P3, 
addresses 
from internal data 
TH1, Tl1, 
TlO, etc ... ) 


BRn 
Break at given address 
memory 
Serial 
I/O Interace 
Commands 


(n = 0, 1, 2, 3) 
XBYTE 
Displays specified 
byte 
SAVE 
Copies 
data from PDS51 
BRR 
Break within given 
from external data 
program 
memory 
to host 
address 
range 
memory 
disk file (hex) 


BRB 
Break at branch 
CBYTE 
Displays specified 
byte 
lOAD 
Transfers 
file (hex) from 
instruction 
from code memory 
host to PDS51 
BRX 
Break on address, 
RBYTE 
Displays specified 
byte 
Trace 
& Event 
Control 
Commands 
addresses 
or ranges of 
from on-chip 
register 
TRACE 
Display executed 
addresses 
under external 
mernory 
instruction 
flow as 
event control 
RBIT 
Displays specified 
bit 
sampled 
in real-time 
BV 
Break on internal RAM 
from on-chip 
bit- 
TRIGGER 
Address, 
addresses 
or 
value 
addressable 
memory 
ranges of fetch 
GO 
Initiates program 
ASM 
Assemble 
single 
addresses 
which control 
(FROM, Till) 
execution 
instruction 
mnemonic 
the external trigger o/p 
(specified addresses) 
into program 
memory 
TRACE 
Address, 
addresses 
STEP (FROM) Executes 
single 
DASM 
Disassemble 
memory 
INHIBIT 
or ranges of fetch 
(FROM) 
instruction 
or 
values into mnemonics 
addresses 
which can be 
instructions 
(from a 
excluded 
from tracing 


Development System 
for 80C51 and Derivatives 


SPECIFICATIONS 
Emulation: 


• 
64K bytes of code space 
• 
in-circuit emulation via bondout 


• 
no stolen resources 


Trace Memory: 


• 
Real-time sampling 
• 
28K bytes deep 32 bits wide 


• 
16 bits address 
• 
13 bits of port lines or user signals 
via test clips (sampled S5P1) 
• 
3 bits of control (C1, inta, movx) 
• 
input filtering on fetch address 


Break Points: 


• 
Hardware based 
• 
up to 64K on fetch address 
• 
up to additional 64K on external 
signal and fetch address 


User Interfaces: 
(1) Dumb Terminal Emulation (not 


supplied) 
Command 
Une Instructions 
(2) Windowed full screen debug 
environment. 
Requires: 


PC XT/AT/386/486 or 
compatible 
MSDOS ver 3.10 or later 
512K bytes RAM or greater 
Monochrome/EGANGA 
Screen 


interface 


Interface Signals: 
(TTL, 47K pullup terminated) 
FT 
Force Trace liP 
overide trace input filter 
BP 
Breakpoint liP 
external event breakpoint 


Fetch address sensitive 
(Sampled S2P1) 


EM Emulation O/P 


signals Emulation running 
ET 
External Trigger O/P 


Fetch address controlled 
trigger O/P 
64K resolution (updated S2P1) 


File Format: 
Intel Hex, OMF51 


Serial Interface: 


• 
RS232C 


• 
Asynchronous, 
8 data, no parity, 


1 stop bit 


• 
9 Pin 'D' connector 
• 
RxdlTxd pin 2, 3 jumper 
swapable 
• 
9.6K119.2K138.4K1115.2K 
Baud 
jumper selectable 


• 
XonIXoff handshaking 


Size: 
Motherboard 
and daughterboard 
130mm x 110rnm x 42mm (LW.H.) 


Speed: 


• 
3.5 to 12 MHz 
• 
no wait states 


• 
no stolen cycles 


Power Supply: 


• 
9V nom (6.5 to 9.5V) 
• 
800mA max, 500mA typ 
(PDS51 + PDB654) 


• 
3.5mm Phono Plug centre positive 
connection 


ORDER CODES 


PDS51 
Mother board complete 
with 64K of Emulation 
memory. Requires 
Daughter Board for 
operation 


PDB654 
Daughter Board 
incorporating 
654 
bondout. With PDS51 
emulates 87C654/652/51 
Supplied with 40pin DIL 
footprint 


PDB52 
Daughter Board 
incoporating 
52 bondout. 


With PDS51 emulates 
87C52/51 
Supplied with 
40pin DIL footprint 


PDB752 
Daughter Board 
incorporating 
752 


bondout. With PDS51 
emulates 87C7521 
751/750 Supplied with 
28pin DIL and 24pin DIL 
footprints 


PDB528 
Daughter Board 
incorporating 
528 
bondout. With PDS51 
emulates 87C528/524 
Supplied with 40pin DIL 
footprint 


PDB552 
Daughter Board 
incorporating 
552 
bondout. With PDS51 
emulates 87C552 I 562 I 
654 I 652 I 51 Supplied 
with 68pin PLCC 
footprint and 40pin DIL 
footprint 


PDA44 
Footprint adaptor DIL40 
to PLCC44 


The S87COOKSD 
Evaluation 
Board 
is a 


low cost, stand-alone, 
board 
level 


product, 
designed 
for evaluation 
of the 


12C Bus and Philips 
80C51 
derivative 


microcontrollers. 
Its modular 
board 


layout 
and modular 
software 
make 
it 


useful 
for fast prototyping 
and as an 


educational 
tool. 


This attractive 
board 
is supplied 
with an 


87C751 
(OTP) 
microcontroller 


programmed 
with the demonstration 


software. 
Sockets 
for the 87C752, 


87C654/528 
and the 87C552 
are 


included 
on the board. 
They are 


provided 
to facilitate 
customer 


developemnt 
of software 
for these 


microcontrollers. 


A comprehensive 
user manual 
is 


supplied 
which 
includes 
circuits, 
layouts, 


and demonstration 
source 
code listing. 


The user needs 
oly to provide 
power 


from a 9V 200mA 
plug pack or similar 


DC power 
supply. 
A 3.5mm 
socket 
for 


this is provided 
on the board. 


SECTION 


• Microcontroller 


• LCD Display 


• LED Display 


• 8-bit Parallel 
I/O 


• 8-bit Parallel 
1/0 


• RAM 


• EEPROM 


• Clock I Calendar 


• DTMF 
Dialler 


• AID and D/A 


• Socket 
for 87C752 


• Socket 
for 87C654I 
528 


• Socket 
for 87C552 
with 


external 
RAM and latch 


• RS232 
Interface 


• Power 
Supply 


• Prototyping 
Area 


DEVICE 


87C751 


PCF8577I 
LTD226F-12 


SAA1064 


PCF8574A 


PCF8574 


PCF8570 


PCF8582 


PCF8583 


PCF3312I 
TDA7050T 


PCF8591 


Philips Semiconductors 80C51·Based 8-Bit Microcontrollers 


Symbolic 
debugging 
package XRAY51 


for the 50S 
8051 emulator 


The XRAy™51 
package enables the 
software developer to monitor and control the 
execution of a target program using the same 
high-level or assembly-level terms, definitions 
and structures found in the original source 
program. It employs a window-oriented user 
interface which segregates the debugging 
information into meaningful areas. Two 
versions of XRAY51, each with identical user 
interface, are available: 


• An emulator version' using Philips' SOS 
8051 emulation hardware as engine 


• A simulator version' using a software 
engine. 


The emulator (debugger) facilitates 
debugging in real-time on a real target; the 
simulator supports debugging in an 8051 
environment, simulated in software on the 
host system. Both versions control the 
execution of the program and allow the user 
to stop, start, and examine the target 
software by means of a powerful command 
language that employs C language 
expressions. 


XRAY51 HIGH-LEVEL 
DEBUGGER 
The XRAY51 debugger helps to locate 
programming errors in the source code of C, 
PUM or assembly language programs for the 
8051 family of microcontrollers. The user can 
isolate these errors by controlling and 
monitoring program execution. For example, 
the user can single-step through the program 
a specified number of microcontroller 


instructions or high-level language lines. 
Variables can be accessed with respect to 
the source language in which they had been 
defined (i.e., PUM or Assembly). Operating 
XRAY51 in Assembly mode, the user can 
manipulate the contents of all processor 
registers. Only those registers that are part of 
the selected 8051 derivative are allowed to 
be accessed. 


Macros may be defined that can execute 
complex user command procedures and 
provide a variety of complex breakpoints. 


When debugging with XRAY51, the user can 
examine the contents and modify the value of 
any variable, compute the value of C, PUM 
source language expressions and assembly 
level address expressions, and define, 
remove, or display symbols. 


Command files can be used to direct 
XRAY51 to read or write simulated 
microprocessor inpuVoutput from or to a file, 
allowing easy implementation of automated 
test sequences. Command files enable 
scripts of debugger commands to be 
processed automatically without the need of 
user interaction. 


FEATURES 
The XRAY51 debugger has been designed 
with the developer of embedded applications 
in mind. Its principal features are: 


• Integrated PUM-51 source-language and 


assembly-language 
debugging; toggle by 


function key at any time 


• Window-oriented display which segregates 


debugging information into meaningful 
areas 


• Symbolic debugging with C, PUM-51 


variables and C, PUM-51 statements 


• Simple and complex breakpoints 


• Single-step execution 


• User-definable screens and 


viewports-ability 
to write selected 
information 


• Command macros 


• Breakpoint macros (limited to the number 


of breakpoints of the SOS 8051) 


• Command breakpoint macros may contain 


C statements, including: FOR, WHilE, 
DO, 


PRINTF, and FPRINTF 


• On-line context-sensitive help 


• Command files 


• Output logging 


• FUlly supports SOS 8051 with the latest 


firmware version 


• High-level trace 


• Transparent ICE mode for direct control of 


SOS 8051 


• Supports most 8051-derived 


microcontrollers, including the 80C51/31, 
87C51 , 8XC451 1528155215621592165216541 
751/851, 
8XCl41 On1 0/51 and the 


8051/31/52132. 


XRAY is a trademark of Microtec Research Inc., which holds all intellectual property rights for XRAY51. 
, 
The SOS 8051 emulator version of XRAY51 is available from Philips Semiconductors (type number OM4129) and is sourced from 
BSOfTasking Software B.V., Amersfoort, The Netherlands. The simulator version is available from BSOfTasking Software BV. 


Symbolic debugging package XRAY51 
for the SDS 8051 emulator 


COMMANDS 
Note, all commands can be issued in an 
abbreviated form. 


Session 
Control Commands 


HOST 
Enter the host operating 
system environment 


LOAD 
Load an object module for 
debugging 
QUIT 
Terminate a debugging 
session 


Execution 
and Breakpoint 


Commands 
BREAKINSTRUCTION 
Set an instruction 
breakpoint 
CLEAR 
Clear a breakpoint 


GO 
Start or continue program 
execution 
GOSTEP 
Execute macro after each 
instruction step 


STEP 
Execute a specified 
number of instruction lines 


STEPOVER 
Step, but execute through 
procedures 


Display Commands 
DISASSEMBLE 
Display disassembled 
memory (assembly mode) 
Display memory contents 
Display all local variables 
of a procedure 
Search for a string 
Open a file or device for 
writing 
Print formatted output to a 
viewport or file 
Display source code 
Monitor variables 
Find next occurrence of a 
string 
Discontinue monitoring 
variables 
Print formatted output to 
command viewport 
Print the value of a 
variable 


LIST 
MONITOR 
NEXT 


Memory Commands 
COMPARE 
Compare two blocks of 
memory 
COpy 
Copy a memory block 
FILL 
Fill a memory block with 
values 
SEARCH 
Search a memory block for 
a value 
SETMEM 
Change the values of 


Port I/O and Interrupt 
Commands 
DIN 
Display input port buffer 
values 
Display output port buffer 
values 
Set or alter input port 
status 
Simulate an interrupt 
Cancel pending interrupts 
Set or alter output port 
status 
Rewind input file 
associated with input port 
Rewind output file 
associated with output port 


INTERRUPT 
NOINTERRUPT 
OUTPORT 


memory locations 
Change the contents of a 
register 
Examine memory area for 
invalid values 


Symbol 
Commands 
ADD 
Create a symbol 
DELETE 
Delete a symbol from the 
symbol table 
PRINTSYMBOLS 
Display symbol, type, and 
address 
SCOPE 
Specify current module 
and procedure scope 


Utility Commands 
CEXPRESSION 
Calculate the value of an 
expression 
Set include-file error 
handling 
Display On-line help 
screen 
Read in and process a 
command file 
Record a debugger 
session in a file 
Record debugger 
commands and errors in a 
file 
Select debugger mode 
(high or assembly) 
Set debugger options for 
this session 
Pause simulation 
Simulate microprocessor 
reset 
Restart program counter to 
the program starting 
address 
Save the default start-up 
options 


Macro Commands 
DEFINE 
Create a macro 


SHOW 
Display the macro source 


Viewport 
Commands 


VACTIVE 
Activate a viewport 
VCLEAR 
Clear data from a viewport 
VCLOSE 
Remove a user-defined 
viewport or screen 
Attach a macro to a 
viewport 
Create a screen or 
viewport or change sizes 
Activate a screen 
Set the cursor position for 
a viewport 
Increase or decrease the 
size of a viewport 


Activate the next viewport 
(counter clockwise) 
Activate the next viewport 
(clockwise) 
Change debugging mode 
(assemblylhigh) 
Increase or decrease the 
size of a viewport 
Access on-line help 
Change the active screen 
Back up one command 
Execute one machine 
instruction or source line 
Step, but execute through 
procedures 


HELP 
VSCREEN 
BACK UP 
STEP 


In-Circuit 
Emulator 
Commands 


ICE 
Communicate with 
in-circuit emulator (ICE) 


NOICE 
Retum to debugger 
command mode 


RESTRICTIONS 


• Up to 4 instruction breakpoints are allowed 
simultaneously. 


• When an instruction has a breakpoint set, 
control is retumed to XRAY after this 
instruction has been executed. However, 
the information about the break address 
retumed is correct, so user actions (like 
macros) are executed as expected. 


• In the current release, the TRACE 


capability of the SDS 8051 is supported by 
means of the ICEINOICE command. The 
SDS 8051 TRACE information can be 
recorded in a joumal file, by means of the 
JOURNAL command. The next release of 
XRAY51 will support emulator tracing 
within the debugger. 


Symbolic debugging package XRAY51 
for the SDS 8051 emulator 


HARDWAR~SOFnNARE 
REQUIREMENTS 
XRAY51 software is supplied on 5' /4" 
diskettes (31/2" diskettes are available on 
request) together with the documentation: the 
XRAY51 User's Guide, XRAY51 Installation 
Guide and the XRAY51 Reference Manual. 
XRAY51 will run on an MS·DOS computer 
equipped with a hard disk and at least 
512kbyte RAM. 


To war!<with XRAY51 ,you will also need: 


• An ASM51 Intel-compatible relocatable 
cross·assembler and L1NK51 
Intel-compatible linking loader (version 1.0 
or later). 


If you want to use the high-level language 
capabilities of XRAY51, the following 
PUM-51 compiler is required: 


• PLMTI51 (version 2.0 or later) with the 
ASM51 assembler 


These products can be ordered from Philips 
Semiconductors. See Ordering Information. 


Contact your local Philips representative for 
specific enquiries. Ask for the following 
leaflets: 


Stand-alone debug station for 
BOC5118051-based systems, ordering code 
9398 366 00011; 


PUM-51 compiler package for 
BOC5118051-based systems, ordering code 
9398 366 20011; 


Cross-assembler package for 
BOC5118051-based systems, ordering code 
939336630011. 


SOFnNARE 
MAINTENANCE 
AND 
SUPPORT 
After a 90·day warranty period, in which all 
support will be given free of charge, a 
software update and support agreement can 
be taken out with Philips for a modest annual 
fee. Philips realizes your need for fast and 
comprehensive support, and with a support 
license, you get direct access to a 
development team that can solve your 
problems. 


TYPE NUMBER 
DESCRIPTION 


OM4129 
XRAY51 high-level language debugger for the SDS 8051; MS-DOS 


Related Products 


OM4142 
Cross-assembler package comprising the ASM51 assembler, 
and the L1NK51 linker 


OM4144 
Compiler package comprising the PLMTll 


Intel is a tradernar!< of Intel Corporation. 
MS·DOS is a tradernar!< of Microsoft Corporation. 


INTRODUCTION 
The BSOfTasking C-51 cross-compiler 
(OM4136) offers a new approach to 
high-level language programming for the 
8051 family. It is a very powerful combination 
of our extensive 8051 knowledge and our 
ANSI compliant C compilers. the result of this 
combination is a compiler that is fast, efficient 
and supports all the members of the 8051 
family. 


FEATURES 


• Supports: 


- 
Full ANSI Standard 


- 
All members of the 8051 family 


- 
Reentrant programming 


- 
Extremely efficient and powerful pointer 
arithmetic 


- 
Inline assembly programming 


- 
Inline expansion of predefined functions 
Uol, 
_ror, etc.) 


- 
Full Intel OMF51 and IEEE695 version 
4.0 object formats 


- 
Data overlay mechanism 


- 
Full calling interface (with parameter 
passing) to BSOfTasking PUM-51 
(OM4144) 


- 
Fast8·bit chararithmetics 


- 
C·level access to chips' SFRs 


- C-Ievel bit-type and interrupt 


• Generates Intel·compatible assembly 


source 


• Outputs symbolic information for source 


level debugging using XRAY51 


• Produces very efficient. fast executing and 
reliable code 


• Code is ROMabie 


• Supports 4 memory models to best meet 


application requirements 


• Separate compilation of program modules 


• Embodies integral standard preprocessor 


• Is one-pass, fast and compact (no 


intermediate code or files) 


• 3-layer design simplifies maintenance 


• Complete set of UNIX-like compiler options 


• Comes with C library and run-time support, 
including VO calls (+ printrj, memory 
management. floating point, math and 
arithmetic functions 


• C libraries in source code included for 


leaming and funing purposes 


• The OM4136 product Is for IBM PC DOS 


as host. From BSOfTasking. the 


C-compiler is also available on the hosts: 
(micro)VAX (VMS or Ullrix), IBM PC 
(Xenix), IBM PS/2 (OS/2. AIX), IBM RISC 
Systeml6000, SUN-31-4 (SUN-OS). 
HP9000/300 (HP-UX) and Apollo (UNIX) 


• Generates reentrant and relocatable code 
and relocatable data 


• Same calling sequence on all hosts 


• Same source and generated assembly 
code can be used on all hosts 


• Automatic installation and self test 


• Benchmarks and application notes are 
available on request 


CLANGUAGE 
Although intended as a general purpose 
high-level programming language, C is 
perhaps most powerful in the area of 
real-time system programming for embedded 
microcontrollers. 


ANSI C features economy of expression, is 
well defined, has an improved type checking, 
supports structured and modular 
programming and has a rich set of data- and 
operator-types that map to virtually every 
single address space 
microcontroller/processor. 
Since the 
operators and type definitions generally 
match well with the instruction sets and word 
lengths of most microcontrollers. C is very 
efficient in therms of code size and execution 
speed. 


COMPILER 
TECHNOLOGY 
The 8051 C compiler was built using the 
latest compiler technology. inclUding 
optimization and multi-layering. It is 
essentially a one pass compiler, translating 
on a function-by-function 
basis, achieving 


very fast compilation and a large span for the 
optimization process. A significant effort was 
made to obtain a well-defined, layered 
product. 


The top layer basically consists of a lexical 
and grammar analyzer with co-routine 
structures to serve both the pre-processing 
and compilation needs. The grammar 
analyzer is produced by an LALR(1) parser 
generator. eliminating a potential source of 
error. 


A second layer separates the actual code 
generation layer from the lop layer and is 
merely intended to simplify re-targeting of the 
compiler to other target processors. It was 
designed to represent the translated program 
Independent from the language and the 
target. This is where most of the 
optimizations are done. 


The code-generation 
layer is driven both by 
the second layer and by a set of tables and 
rules reflecting the target assembly language 
and the behavior of individual instructions. 


IMPLEMENTATION 
DEPENDENT 
DATA 
This section outlines features of the C-51 
compiler which. for the most part, are specific 
to the 8051 family of microcontrollers. 


Compiler 
Options 
The following options are supported: 
-8 
specify function parameter size 


-b 
specify default register bank number 


-e 
specify 8051 derivative type 


-0 
define named identifier to the 
preprocessor 


-E 
only run the preprocessor 


-f 
read command line options from file 


-g 
generate high-level debugging 
information for XRAY51 hll-debugger 


-I 
force preprocessor to look for include 
files in the specified directory 


-m 
specify memory sizes for static 
allocation checking 


-M 
select memory model 


-n 
write output to screen instead of output 
file 


-0 
write output to named output file 
-0 
controlled optimization 
-r 
specify ROM size for optimal jump-type 
generation 


-R 
control segment assignment 


-s 
merge C source with generated 
assembly code 


-S 
pu1strings in ROM only 


-, 
do not produce module summary 
information 


-U 
remove any initial definition of named 
identifier 
-v 
do not generate code for interrupt 
vectors 
-w 
suppress waming messages 


Type 
bit 
char 
shortint 
int 
longint 
float, (long) double 


Size (In bytes) 
1 bit 
1 
2 
2 
4 
4 (IEEE single 
precision) 
1 or 2· 


·NOTE: 
Pointers to data, idatand pdathave 
a size of 1, whereas pointers to 
rom. xdat and functions have a size 
of 2. 


Code Optimization 
The compiler intermediate layer performs 
general code-optimization 
and the 


code-generator does some final optimizations 
that are specific to the 8051 . 


General Optimizations: 


• Register allocation 


• Branch optimization 


• Dead code elimination 


• Constant folding 


• Arithmetic simplification 


Code Generator 
Optimizations: 


• Store-copy optimization 


• Peephole optimization 


Adaptation 
to Target 
Environment 


Cross-compilers are used to develop 
embedded microcontroller applications, 
where the hardware environment in which 
they will run is not fixed in advance. The 8051 
compiler allows flexible adaptation to different 
target environments: 


• The compiler supports 4 different memory 
models. This allows the compiler to 
generate the best possible code for a 
particular hardware implementation. 


• Interrupt service routines can be written in 


C or assembly (through special controls) 


• Generated code is ROMabie 


• 8051 derivative is switch selectable 


• User-controlled mapping of code and data 


Pragmas 
The #pragma directive is intended to supply 
target dependant data to the compiler, 
without violating the C language. In C-51 , 
pragmas are used to merge C lines with 
generated assembly, to control code 
generation for interrupt service routines and 
to support inline assembly programming. 


LIMITATIONS 
The use of several C constructs is restricted 
to a maximum number, as proposed by ANSI. 
Both the preprocessor and compiler meet 
these 'environmental requirements of a 
conforming implementation'. As an additional 
constraint however, the number of statements 
in a function body is restricted to 
approximately 1800. 


DOCUMENTATION 
The compiler is shipped with the 8051 C 
Compiler User Manual. 


Additional information about the C language 
can be found in "The C Programming 
Language" (second edition), by B. Kerighan 
and D Ritchie (1988, Prentice Hall). 


RELATED 
PRODUCTS 
The C51 compiler (OM4136) is part of a 
complete programming and development 
package for the 8051 family of 
microcontrollers. This incorporates a HLL 
debugger, XRAY-51 (OM4129) in combination 
with Philips' SDS-8051 emulator, PUM-51 
compiler (OM4144), cross-assembler and 
(optimizing) linker (OM4142), all available 
from Philips Semiconductors. 


SOFTWARE 
MAINTENANCE 
AND 


SUPPORT 
After a 90 days warranty period, in which all 
support will be given free of charge, a 
software support contract is availabe from 
BSOfTasking at a modest annual fee. 
BSOfTasking realizes the need for fast and 
thorough support in this complex area where 
a lot of time may be wasted before a 
(afterwards simple) problem is isolated and/or 
tackled. With a support license, you can use 
BSOfTasking resources to solve your 
problem. You will get a direct access to 
experienced engineers. Furthermore, you 
receive (free of charge) the periodical 
BSOlTasking Newsletter, regarding revisions, 
hints and documentation corrections. 


MODEL 
DATA ALLOCATION 
APPLICATION 


small 
static, in on-chip direct addressable RAM (data) 
fast programs in small environments 


auxpage 
static, in first page of external RAM (pda~ 
derivatives with 256 by1eson-chip "external" RAM 


large 
static, in external RAM (xda~ 
fast, non reentrant with large external RAM 


reentrant 
dynamic + static, in external RAM (xda~ 
large, reentrant programs in large environments 


TYPE NUMBER I 
DESCRIPTION 


OM4136 
I8051 C-compiler package 


Related Products 


OM4144 
PLM-51 compiler 


OM4142 
8051 cross-assembler and linker 


OM4129 
XRAY51 high-level language debugger for the SDS 8051 


Orders can be placed via your local Philips Semiconductors sales representative. 
May be purchased from BSO Tasking, Tel. (800)458-8276 or (617)320-9400. 


Sourced 
from BOOn-asking 
Software 
a.v., 
Amersfoort. 
The Netherlands, 
which 
holds all intellectual 
property 
rights for this software. 


no 
Intel is a trademark 
of Inlel Corporation. 


MS-OOS 
and XENIX 
are trademarks 
of Microsoft 
Corporation. 
XRAY 
is a trademar1< of Microtec 
Research 
Inc. 


UNIX is a trademark 
of AT&T 
Bell Laboratories. 


VAX, microVAX, 
VMS and Ultrbc are trademarks 
of Digital 
Equipment 
Corp. 
HP9000 
and HP·UX 
8r8 trademarks 
of Hewlett 
Packard 
Co. 
SUN-3 
and SunOS 
are trademarks 
of Sun Microsystems 
Inc. 


IBM PC is a trademal1< of International 
Business 
Machines 
Corp. 


Cross-assembler 
package 


for 80C51/8051-based 
systems 


This package comprises the cross-assembler 
for translating 8051 assembly language 
programs into relocatable object code: 


• The ASM51" macroassembler which 


accepts Intel-eompatible assembler source 
programs and produces relocatable '-.06.f 
object files. An absolute or executable 
'A.OUT' load-image is obtained using the 
L1NK51linker. 


The absolute object file can be modified to 
IEEE format to serve as input to the XRAY51 
debugger. 


FEATURES 


• Produces relocatable object code, listing 


files and diagnostic messages 


• Accepts Intel-compatible source programs 


(ASM51) 


• Supports most 8051-derived 
microcontrollers including the 80C51/31, 
87C51,8XC451/528/5521562159216521 
654/751/851, 8XCL41 01710 and the 
8051/31/52132. 


• Compatible with PL/M-5l compilers 


• Conversion to IEEE object code format 


• Compatible with XRAY5l 
High-LeveVAssembly-Level 
Debugger 


• Includes many utilities such as, Librarian, 


Cross-reference generator, object 
code-convertors 


• Supports segment overlay at the Assembly 


level 


• C and MPL (Macro Programming 


Language) compatible macro 
preprocessors included 


• Separate linking phase. 


OPERATION 
The input to both assemblers usually comes 
from a preprocessor which interprets 
preprocessor directives in the source 
program to deal with file inclusion, macro 
definition and replacement, conditional text 
inclusion, etc. Two preprocessors are 
available as separate programs, allowing the 
programmer to use either the C preprocessor 
directives or Intel's Macro Programming 
Language, or even a mixture of both. 


The output may then be assembled using the 
ASM5l. 
Depending on the selected member 


of the 8051 family, the ASM5l 
assembler 


enables or disables the names of special 
function registers that are applicable. For the 
ASM5l , this is easily solved by 
target-dependent inclusion of a specific 
equate list in the source file. 


The assembler translates a source program 
into relocatable object code using three 
different passes. The program syntax, 
assembler directives and user-defined 
symbols are checked and processed during 
the first pass. In the second pass, all generic 
forward jumps and calls are optimized. In the 
third pass, relocatable code is generated. 


To obtain a single executable load image, all 
necessary relocatable objects, including 
library modules, are linked together using the 
proper linker (i.e., L1NK5l). This executable 
load image may then be converted to an 
ASCII file that may be downloaded into an 
EPROM programmer or an emulator. 


The assembler is capable of generating 
symbolic debug information to accommodate 
information for the XRAY debugger. 


ASSEMBLER 
LIMITATIONS 
The number of user-defined symbols and 
macro parameters is limited only by the 
available heap space. Save/restore nesting is 
restricted to 16 levels. 


DIFFERENCES 
BETWEEN 
PHILIPS' 
ASM51* 
AND 
INTEL'S 
ASM51 
Unlike Intel's ASM5l , which restricts the use 
of register equates to the A and RD-R7 
registers, Philips' ASM5l 
puts no constraints 
on register name assignment. And it can 
. 


optimize generic JMP and CALL instructions, 
even when they contain a forward reference. 
In such cases, Intel's ASM5l 
will always 
produce code for a WMP and LCALL, which 
takes 50% more code. 


Philips' ASM5l 
supports four new directives 
that are not available in the Intel ASM5l: 


generate a Iistfile in 
every pass (not only in 
the final one). This 
improves diagnostics. 


• 
$(no-)optimize 
enable (default) or 
disable generic 
JMP/CALL optimization. 


• 
$debuginfo 
control symbolic debug 
information generation. 


Since the $gen, $genonly, $nogen, $include 
and $macro directives are already dealt with 
during the preprocessing stage, these can be 
ignored by Philips' ASM51. 


Similarly, $(no-)xref and $(no-)symbols 
directives are ignored-report 
utilities are 


available to accomplish the same task. And 
the $workfiles is no longer useful and is 
ignored too. 


Philips' ASM51 recognizes ?SYMB, ?L1NE 
and ?FILE symbols that are used to pass 
debug information towards the object module. 
Philips' ASM5l 
recognizes the C-Iike #line 


directive to adjust the line number and file 
name. This directive is generated by both 
preprocessors to synchronize the output line 
with the original input. This improves the error 
diagnostics of Philips' ASM51 compared with 
those of its competitors, since error 
messages now refer to the proper (include) 
file and line number. 


A powertul addition is the overlay() which 
gives the programmer fuil control of .the 
section overlay strategy. 


UTILITY 
PACKAGE 


Several utility programs are included for your 
convenience. Amongst these are a C 
preprocessor (cpp) and an Intel 
MPL-compatible preprocessor (mpl) to deal 
with the various preprocessor directives and 
macros. 


In many cases, the format of the object code 
produced is not suitable for 
EPROM-programmers, 
emulators or 


debuggers. Therefore, several utilities are 
included to convert the code to Intel HEX 
(ocUhex), 
Motorola S0-59 
(ocCsrec) or 
IEEE-695 (oct_ieee) or vice-versa (ocUhex, 
ocCsrec). 


An optional utility package is available 
separately from Tasking Software B.V. It 
contains UNIX-like utilities to obtain a 
(cross-reference) list of all user-defined 
symbols in a program ('axref' and 'anm'), and 
the 'asize' utility to get information about the 
section sizes. 


HARDWARE/SOFTWARE 
REQUIREMENTS 
AND 


INSTAllATION 
OM4142 software comes to you on 5'/4" 
diskettes (3'/2" diskettes are available on 
request) together with extensive 
documentation, including two Assembler 
Reference Guides, Preprocessor Manuals, 
Utility and Installation Guide. The software 
requires an MS-DOS computer with a hard 
disk and at least 512k byte RAM installed. 
Software installation is simple, 
well-documented and can be verified 
afterwards using an automatic verification 
program. 


Cross-assembler package 
for 80C51 /8051-based 
systems 


RELATED 
PRODUCTS 
The OM4142 assembler is part of a complete 
programming and development package for 
the 8051 family of microcontrollers. For both 
assemblers, there is an excellent PUM-51 
compiler available from Philips offering the 
convenience and benefits of high-level 
language programming, resulting in a 
dramatic increase of programmer 
productivity. Testing and debugging can be 
accelerated using the 
High-LeveI/Assembly-Level 
XRAY51 
debugger. Contact your local Philips 
Semiconductors software sales office for 
more information. Ask for the following 
leaflets: 


Symbolic 
debugging 
package 
XRAY51 
for the 


SDS B051 emulator, ordering code 
9398366 
10011; 


PUM-51 
compiler package 
for 
BOC511B051-based systems, ordering code 
939836620011; 


Stand-alone 
debug station for 


BOC511B051-based systems, ordering code 
939836600011. 


SOFTWARE 
MAINTENANCE 
AND 
SUPPORT 
After a 90-day warranty period, in which ali 
support will be given free of charge, a 
software update and support agreement can 


TYPE NUMBER 
DESCRIPTION 


OM4142 
8051 cross-assembler package comprising the 
ASM51 assembler, and the L1NK51 linker 


Related Products 


OM4144 
PUM-51 compiler package comprising the compiler 


OM4129 
IXRAY51 high-level debugger for the SDS 8051 


Orders can be placed via your local Philips Semiconductors sales representative. 
May be purchased from BSO Tasking, Tel. (800)458-8276 or (617)320-9400. 


Intel is a trademark of Intel Corporation. 
XRAY is a trademark ot Microtec Research Inc. 
MS-DOS is a trademark of Microsoft Corporation. 
UNIX is a trademark of AT&T Beli Laboratories .. 


be taken out with Philips for a modest annual 
fee. Philips realizes your need for fast and 
comprehensive support, and with a support 
license, you get direct access to a 
development team that can solve your 
problems. 


PUM-51 
compiler 
package 


for 80C51/8051-based 
systems 


This package comprises the cross-compiler 
(PLMTI51*) which efficiently translates 
programs written in the PUM-51 language 
into 8051 Assembly. The PLMTI51 generates 
Intel-compatible source, which can be 
assembled and linked using Philips' ASM51 
and L1NK51 programs. 


This compiler embodies the latest 
techniques. It is built upon a YACC-based 
parser. Intermediate code is built using tree 
structures that are optimized into new trees 
by the compiler before code-generation 
starts. An intemal peephole optimizer further 
improves the density of the generated code. 


It can be ordered under the Philips' type 
number OM4144. 


FEATURES 


• State-of-the-art compiler: fast, single-pass, 
memory-based 


• Fully compatible with the Intel PUM-51 


language definition 


• Fully compatible with Philips' 
ASM51/L1NK51 cross-assembler and linker 


• Produces highly optimized code 


• Supports most 8051-derived 


microcontrollers, including the 80C51/31, 
87C51 , 8XC451 1528/55215621592165216541 
751/851, 
8XCL41 0171 0/51 and the 


8051/31/52132 


• Both compilers support the XRAY51 


high-level language debugger, available 
from Philips 


• Supports in-line assembly code 


• Optional IEEE single-precision floating 


point package 


• Includes several utility programs: pr, grep, 


aar, cpp, scU51 , oc'-051 , ocUhex, 
ocUeee, 
oc,-srec, ocUhex, 
oc'-srec, 


makelib and pack 


• Utility library included in source code 


• Combiner performs optimization at load-file 


level (Philips' ASM51 only) 


• Easy tailoring to application and target 


hardware 


• Produces relocatable code and data 


• Available for many hosts besides the IBM 


PC (MS-DOS), for example: (micro-)VAX, 
(VMS, Ultrix), HP90001300 (HP-UX), 
SUN-3 (Sun-OS); available from 
BSOlTasking Software BV. 


• Supports optimize(4): intermodule overlay 


optimization 


• Supports 15 interrupts 


• Automatic installation with self-test 


• Benchmarks available on request 


PUM-51 
PUM-51 is a structured, high-level 
programming language derived from the Intel 
PUM-80 language and adapted to the 
specific capabilities of the 8051 family of 
single-chip microcontrollers. It supports 
Boolean processing and allows efficient 
access to all microcontroller hardware 
functions. 


Software development in PUM-51 combines 
the ease of programming in a high-level 
language with access to all of the 8051 1/0 
and memory-features 
that are normally only 


available to assembiy language 
programmers. 


The Philips' implementation of PUM-51 is an 
extremely fast single-pass optimizing 
compiler that is fully compatible with the Intel 
PUM-51 language definition. 


IMPLEMENTATION-DEPENDENT 
DATA 


Data Types 


• Data types BIT, BYTE and WORD are 
allowed for variables, arrays, structures or 
combinations thereof. 


• Memory types MAIN, IDATA, REGISTER, 
AUXILIARY and CONSTANT are 
supporled. 


• Data can be stored at fixed locations using 
AT, or stored dynamically using BASED 
pointer variables. 


Procedures 


• BIT, BYTE or WORD typed procedures, 
returning a value upon completion 


• Untyped procedures, invoked with a CALL 
statement 


• Optional procedure attributes: 
- 
USING(n), specifies the register bank (n) 
to be used by the procedure. 


- 
INTERRUPT(n), defines an interrupt 
procedure for interrupt (n). 


Statements 


• Control statements: do while ... end, do ... 


to ... by ... end 


• Conditional statements: if ... then ... else ... 


• Miscellaneous statements: do ... end, do 
case ... end, call, goto, enable/disable 


Internal (Built-in) 
Procedures: 


LENGTH 
PROPAGATE 


WORD 
ROL 


EXPAND 
SCR 


SHR 
SIZE 


SCL 
BOOLEAN 


TIME 
SHL 


LAST 
ROR 


DOUBLE 
TESTCLEAR 


PLM51.L1B: 
Library routines used by the compiler. 


UTIL51.L1B or util51.oa, 
util51: 


Assembler utility libraries for both compiler 
versions, consisting of procedures for string 
manipulation. It contains the routines MOV, 
RMV, CMP, FNDB, FNDW, SKPB, SKPW, 
SETB and SETW for each memory type and 
for each register bank. 


Re-entrancy 
The generated code is not re-entrant, 
because PUM-51 is not defined as a 
language with re-entrant procedures. 
Because of the limited size of internal RAM, 
the local and formal parameters of 
procedures are not put on the stack, but on 
static areas, which can be overlayed by the 
compiler using $OPTIMIZE(3). 


Compiler 
Controls 


ROM(s), REGISTERBANK(n), 
OPTIMIZE(n), 


(NO)INTVECTOR, (END)ASM, INCLUDE, 
SAVE/RESTORE, (NO)L1ST, (NO)SOURCE, 
(NO)CODE, (NO)DEBUG, (NO)OBJECT, 
SET/RESET, EJECT and 
IF/ELSIF/ELSE/ENDIF 


Differences 
Between 
Philips' 
and 
Intel's PUM-51 


• Philips' PUM-51 allows bit-structures to be 


ATed at byte-variables in bit-addressable 
memory 


• Philips' PUM-51 supports floating point 


• Invocation and compiler controls are mostly 


different 


• Object modules are not generated 


• Error messages are mosliy different 


• Different assembly language interfacing 


(only for Philips' plm51) 


• Compiler limits always the same or better 
than Intel's 


PhilipS Semiconductors 80C51-Based 8-Bit Microcontrollers 


PUM-51 compiler package 
for 80C51/8051-based 
systems 


Code Optimization 
Five levels of optimization are supported: 


• Level 0: performs folding of constant 
expressions and of address calculations, in 
case a constant offset exists. 


• Levell: 
performs all of level 0 plus 
elimination of unreachable code, strength 
reduction of expressions and partial 
condition evaluation at runtime. 


• Level 2: performs all of levels 0 and 1 plus 


machine code (peephole) optimizations 
and register history. 


• Level 3: performs all of levels 0, 1, and 2 
plus automatic overlaying of on-chip RAM 
variables. 


• Level 4: performs all of the other levels 
plus support of intermodule overlay of 
on-chip data. 


General Optimizations 


• Store-copy optimization 


• Local constant propagation 


• Register allocation 


• Peephole optimization 


• Dead code elimination 


• Constant folding 


• Index simplification 


Object-code 
Optimizations 


• Branch optimization (sjmp, ajmp, Ijmp, 
acall,lcall) 


• Effective address optimization 


8051-SpeCific Optimizations 


• Optimal use of the range of address modes 


of the 8051 family 


• Overlay of local data and formal 
parameters done by $OPTIMIZE(3)/(4) 


Easy Adaptation 
to Target 
Environment 
Cross-compilers are used to develop 
embedded microprocessor applications, 
where the hardware environment in which 
they will run is not fixed beforehand. 
Adaptation to the target hardware 
environment takes place via the files headx. 
These files are used to define all 
system-dependent set-ups such as the 


power-on-restart vector, the initial 
stackpointer value, the definitions of 
segments needed by the PUM-51 code and 
the mapping of those segments to the 
physical addresses. The files can be modified 
by the user to match his specific needs. 


The PUM-51 cross-compiler can 
accommodate different target environments, 
because: 


• The location of the stack is held in a 
special target set-up file (head_xx file) 
which can be changed to match your 
requirements 


• This target set-up file also allows general 
housekeeping tasks to be executed before 
program start-up 


• Simple interfacing to target operating 
systems and low-level I/O and system 
routines 


• Code and data segments can be placed 
anywhere in the 64kbyte data and address 
space of the 8051 processor 


• Efficient calls to library routines can be in 
PUM or assembler (in-line) 


• A user-written interrupt handler can be 
made by specifying $NOINTVECTOR 


• The generated code is ROMable. 


Restrictions 
The PUM-51 compiler has a few restrictions 
listed here for completeness: 


• Nesting of all LITERALLY invocations: 8 


• Nesting of INCLUDE controls: 8 


• Nesting of blocks: 32 


• Number of elements in a factored list: no 
limit 


• Number of characters in an input line: 160 


• Number of switch names (conditional 


compilation): 20 


• Length of a string constant: 254 


• Number of cases in a DO CASE block: 84 


• Number of EXTERNAL items: no limit 


• Number of non-EXTERNAL procedures in 
module: no limit 


• Number of names in a module: memory 
dependent 


UTILITY 
PACKAGE 
Several utility programs are included for your 
convenience. Amongst these are a C 
preprocessor (cpp), an Intel MPL compatible 
preprocessor (mpl)-both 
part of the 8051 


Cross-Assembler-to 
deal with the various 


preprocessor directives and macros. 
Pagination and pattern search commands 'pr' 
and 'grep' come with the PUM-51 compiler 
package. 


In many cases, the format of the produced 
object code is not suitable for 
EPROM-programmers, 
emulators or 


debuggers. Therefore, several utilities are 
included (in the 8051 cross-assembler) to 
convert the code to Intel HEX (ocUhex), 
Motorola So-S9 (ocCsrec) or IEEE-695 
(ocUeee) 
or vice-versa (ocUhex, 
ocf-srec) 


or to archive object modules (aar). 


OPTIONAL 
SOFTWARE 


An optional utility package is available 
separately from BSOlTasking Software B.V. It 
contains UNIX-like utilities to obtain a 
(cross-reference) list of all user-defined 
symbols in a program ('axref' and 'anm'). Part 
of this package is the 'asize' utility to get 
information about the section sizes, 'asort' to 
sort or merge files, 'astrip' to remove symbols 
and relocation information, 'adump' to display 
the contents of an object file. 


Also available is an IEEE floating-point library 
for the 8051 family. 


HARDWAR~SOFTWARE 
REQUIREMENTS 
AND 


INSTAllATION 
OM4144 software comes to you on 5114" 
diskettes (31/2" 
diSkettes are available on 


request) together with the ex1ensive Pl./M-51 


Application 
Manua/. 


The software requires an MS-DOS (ReI. 3.0 
or higher) computer with a hard disk and at 
least 512kbyte RAM installed. Software 
installation is simple, well-documented 
and 


can be verified afterwards using an automatic 
verification program. 


PUM-51 compiler package 
for 80C51/8051-based 
systems 


RELATED 
PRODUCTS 
The OM4144 compilers are part of a 
complete programming and development 
package for the 8051 family of 
microcontrollers, a package which includes a 
cross-assembler and (optimizing) linker. 
Testing and debugging can be accelerated 
using the high-leveVassembly-level XRAY-51 
debugger in combination with Philips' SDS 
8051 emulator, or the 8051 Simulator 
(available from Tasking software B.V.). 
Contact your local Philips Semiconductors 
sales office for more information. 


Ask for the following leaflets: 


Symbolic debugging package XRAY51 for the 
SOS B051 emulator, ordering code 
9398366 
10011; 


Cross-assembler package for 
BOC51/B051-based systems, ordering code 
9398 366 30011; 


Stand-alone debug station for 
BOC51/B051-based systems, ordering code 
939836600011. 


More information about the PUM-51 
Language can be found in the PUM-51 
User's Guide, available from Intel (ordering 
code: 121966-003). 


SOFTWARE 
MAINTENANCE 
AND 
SUPPORT 
After a 90-day warranty period, in which all 
support will be given free of charge, a 


TYPE NUMBER 
I 
DESCRIPTION 


OM4144 
PUM-51 compiler package comprising the PLMTI1 compiler 


Related Products 


OM4142 
8051 cross-assembler package comprising the ASM51 assembler, and 
L1NK51 linker 


OM4129 
XRAY51 high-level language debugger for the SDS 8051 


Orders can be placed via your local Philips Semiconductors sales representative. 
May be purchased from BSO Tasking, Tel. (800)458-8276 or (617)320-9400. 


Intel is a trademark of Intel Corporation. 
MS-DOS and XENIX are trademarks of Microsoft Corporation. 
XRAY is a trademark of Microtec Research Inc. 
UNIX is a trademark of AT&T Bell Laboratories. 
VAX, microVAX, VMS and Ultrix are trademarks of Digital Equipment Corp. 
HP9000 and HP-UX are trademarks of Hewlett Packard Co. 
SUN-3 and SunOS are trademarks of Sun Microsystems Inc. 
IBM PC is a trademark of International Business Machines Corp. 


software update and support agreement can 
be taken out with Philips for a modest annual 
fee. Philips realizes your need for fast and 
comprehensive support, and with a support 
license, you get direct access to a 
development team that can solve your 
problems. 
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THREE CONFIGURATIONS 
TO 
SUIT YOUR 8051 PROJECTS 
For efficient, accurate software and hardware 
development and integration, there is no 
substitute for fully transparent, real-time 
emulation. But development must be 
cost-effective, and the key to that is to have 
one emulation unit which can fit exactly into 
aI/your 
development projects irrespective of 
their scope and stage of development. 


If you are developing with the 8051 family, 
such a unit is the SDS 8051: 
Three 
configurations suit all your projects without 
requiring modifications or ex1ras: 


Stand-Alone 
Operation 
A VDU Terminal is all that is needed to 
integrate and debug with the SDS 8051. And 
because you can do basic emulation without 
putting demands on computer resources, the 
smallest user as well as the big development 
team can take advantage of the SDS 8051. 


Connection 
to a Host Computer 
Most development tasks will, however, need 
the power of a host computer or 
Microcomputer Development System, and 
Philips' SDS (Stand-alone Debugging 
Station) can work with both. The process of 
writing the software and designing the 
hardware can be done on the computer, with 
an SDS used to debug and integrate the 
software with the hardware. SDS 8051 
supports a wide range of hosts. It has its own 
in-line assembler in firmware, but you may 
also use the separate MS-DOS 
cross-assembler. 


Connection 
to a PC 
The SDS 8051 operates with an IBM PC or 
XT, or compatible, e.g., Philips P3100 series, 
so you can use it in your usual work 
environment. The SDS can be operated from 
a PC using readily available terminal 
emulation software, or the XRAy™51 
symbolic debugging package, the latter 
allowing you to use your own source labels 
on screen in SDS displays and commands, 
and having a DOS toggle switch. 


If you work in a development team, shared 
access to files and programs is of course 
essential to maximize productivity. Programs 
can be downloaded from any host computer 
to the SDS memory, using a PC or terminal 
as a workstation to operate the SDS. 


• Real-time, fUlly transparent emulation 


• Works stand-alone from a VDU terminal, 


PC or other computer 


• Full hardware emulation using a dedicated 


prob&-operates 
according to the exact 


specifications of the target microcontroller, 
including maximum speed 


• Interfacing signals to ex1emal equipment 


• Full assembly-level debugging and HLL 


debugging 


• Single-step and breakpoint facilities 


• Large trace memory with hardware 


qualifiers 


Connection 
to a PC with Terminal Emulation 
Software 
or 


XRAY51 Symbolic 
Debug Software 


·SDS 8051: Generic name for Philips Stand-alone Debugging Station for the 8051 family of microcontrollers; for type numbers, see Ordering 
Information. The 8051 family includes the 80C51/31, 8lC51 , 80CL51, 8XC053/054/451/528/550/552/562/592/652/654/751/752/851, 
the 
8XCL41 0/710 and the 8051/31/52/32. Debugging stations are also available for Philips 8400 microcontroller family and the 5010/5011 digital 
signal processors. 
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UNEQUALLED 
EMULATION 


SOS 8051 provides complete, high-quality 
emulation for development with the 8051 
family of microcontrollers. Standard features 
include: 


Fully Transparent 
Real-Time 


Emulation 
You can develop on the SOS 8051 with the 
chip running in real tim&-no 
stretched clock 
cycles or wait states to disrupt system timing 
in the prototype. And emulation is fully 
transparent-since 
no resources from the 


8051 memory, I/O or interrupt space are used 
for monitoring emulation, all are available to 
the target and user program. 


In-Circuit 
Emulation 
or 


Simulation 
The SOS 8051 is versatile-you 
can tailor 


operation to suit the state of the prototype. If 
no prototype hardware is available, the SOS 
may be used for simulation, so the software 
can still be tested. The emulation mode runs 
the program in the prototype so far as it has 
been developed, with resources transferred 
in stages to the prototype. Hardware, 
software and their integration are fully tested. 


Full Real-Time 
Hardware 


Emulation 
and Breakpoint 
Setting 


The SOS 8051 has an 80C51 (or derivative) 
bond-out chip in the emulation probe. This, 
and only this, can ensure that hardware 
emulation is truly real-time, and it also allows 
you to set hardware breakpoints. These can 
be set on any combination of addresses, 
register values or branch instructions, 


allowing you to investigate program flow in 
detail and to debug very quickly. When a 
breakpoint condition is met, the entire CPU is 
frozen and, besides the full interrupt status, 
the status of all timers (frozen by a special 
bond-out chip feature) is displayed. 


Alterable 
Memory and Processor 
Registers 
For really quick fault-finding, the SOS allows 
you to alter, and to display, memory and CPU 
register values as required, allowing parts of 
the program to be repeatedly tested using 
convenient values. 


In addition, the SOS has an emulator-resident 
in-line assembler which is particularly useful 
when changing your program-there 
being 
no need for repeated up-loading and 
down-loading. 


Disassembly 
Of course, there is no need to remember 
binary code references when developing 
software with the SOS 8051-instructions 
are 


entered in assembly language. In addition, 
on-board memory can be disassembled into 
the originally programmed instruction 
mnemonics. 


Trace Memory 
SOS 8051 has a 2048-line trace memory for 
quick checking of the program flow. The 
display shows the address, opcode/operand, 
disassembly, instruction status (such as RO 
OPC, WR) and the contents of 
microcontroller ports and/or eight user test 
clips. 


The trace memory has qualifier bits for 
selecting the information to be captured in the 
trace memory. These bits enable cycles to be 
selected, for example, capture only on 
fetches from emulation memory, or on 
interrupt acknowledge cycles. Selecting the 
information before capture overcomes the 
drawback of software qualifiers which select 
the information afterwards, relying on luck for 
it to be in the trace memory! 


The microprocessor development command 
language employed by the SOS 8051 has 
been designed for ease of use. Commands 
form a subset of, and are similar to, the 
widely used ICETM language. 


When the XRAY51 symbolic debugging 
package is used, the commands are the 
XRAY commands. These and the SOS 
commands are listed below (at the end of this 
description). 


Software 
Packages 


The XRAY51 high-level debugger, and 
cross-assemblers and cross-compilers for the 
SOS 8051 are described on the next page. 
Each package supports most 8051-de rived 
microcontrollers including the 80C51 , 
83C053,83C054,80C451.80C528,80C550. 
80C552,80C562,80C592.80C652,80C654, 
83C751,83C752,80C851.80C852.and 
8XCL41 0/71O. 
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SYMBOLIC 
DEBUGGING 
PACKAGE 
(XRAY51) 
The XRAY51 debugger helps to locate 
programming errors in the source code of 
C,PUM or assembly language programs for 
the 8051 family. With XRAY51, the user can 
isolate these errors by controlling and 
monitoring program execution using the 
same high-level or assembly level terms, 
definitions and structures found in the original 
source program. For example, the user can 
single-step through the program a specified 
number of microcontroller instructions or 
high-level language lines. Variables can be 
accessed with respect to the source 
language in which they had been defined. 
Operating XRAY51 in Assembly mode, the 
user can manipulate the contents of all 
processor registers. Only those registers that 
are part of the selected 8051 derivative are 
allowed to be accessed. 


Macros may be defined that can execute 
complex user command procedures and 
provide a variety of complex breakpoints. 


When debugging with XRAY51, the user can 
examine the contents and modify the value of 


Code Viewport 
(displays 80urce program In 
high-level modo or 
assembly·level 
mode) 


Commend Viewport 
(daplaya debugger command. 
ent.red from the keyboard) 


any variable, compute the value of C,PUM 
source language expressions and assembly 
level address expressions, and define, 
remove, or display symbols. 


Command files can be used to direct 
XRAY51 to read or write simulated 
microprocessor inpuVoutput from or to a file, 
allowing easy implementation of automated 
test sequences. Command files enable 
scripts of debugger commands to be 
processed automatically without the need of 
user interaction. 


XRAY51 also allows a virtually unlimited 
number of user-defined windows. 


A simulator version of XRAY51 having the 
same features as the emulator is available. 


Features 


• Integrated C,PUM-51 source-language and 
assembly-language debugging; toggle by 
function key at any time 


• Window-oriented display with well- 


organized segregation of debugging 
information 


Data Viewport 
(displays 
the monitored 
vlliable expre •• lona) 


• Symbolic debugging with C,PUM-51 


variables and C,PLM-51 statements 


• Simple and complex breakpoints 


• Single-step execution 


• User-definable screens and 


viewports-abilily 
to write selected 


information 


• Command macros 


• Breakpoint macros (limited to the number 


of breakpoints of the SOS 8051) 


• Command and breakpoint macros may 


contain C statements, including: FOR, 
WHILE DO, PRINTF, and FPRINTF 


• On-line context-sensitive help 


• Command files 


• Output logging 


• Fully supports SOS 8051 with the latest 


firmware version 


• High-level trace 


• Transparent ICE mode for direct control of 


SOS 8051 


Trace Viewport 
(displays the procedure 
ceiling 
chain) 
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CROSS-ASSEMBLER 
The ASM51 cross-assembler' 
is available for 


translating 8051 assembly language 
programs into relocatable object code: 


It accepts Intel-eompatible assembler 
source programs and produces relocatable 


'-.08.)' object files. An absolute or 
executable 'A.OUT' load-image is obtained 
using the L1NK51 linker. 


The assembler is a powerful development 
tool with many directives, so a source file is 
easily composed, and translation to code is 
fast. 


The assembler directives support features 
such as the inclusion of ASCII strings, 
checking module length, forcing a start 
address, allocating bytes to labels used in 
current or other modules and module 
definition. 


A very powerful feature is the 
macroprocessor which includes tools such as 
macro-substitution, file inclusion and 
conditional assembly. 


ASM51 Features 


• Produce relocatable object code, listing 
files and diagnostic messages 


• Accept Intel-compatible source programs 


• Compatible with Tasking's PUM-51 


compilers 


• Conversion to IEEE object code format 


• Compatible with XRAY51 


High-LeveVAssembly-Level 
Debugger 


• Include many utilities such as, Librarian, 
Cross-reference generator, object 
code-convertors 


• Support segment overlay at the Assembly 


level 


• C and MPL (Macro Programming 


Language) compatible macro 
preprocessors included 


• Separate linking phase 


CROSS-COMPILERS 
Two cross-compilers' 
are available for 
efficientiy translating programs written in the 
PUM-51 language into 8051 Assembly: 


• PLM51: generates Intel-compatible source, 


which can be assembled and linked using 
the ASM51 and L1NK51programs. 


• C-51: generates Intel-compatible 
assembly source, which can be assembled 
and linked using ASM51 and L1NK51. 


Both compilers are always supplied together, 
allowing you to choose the one that suits your 
requirements best. 


PLM51 Features 


• Fast, single-pass, memory-based 
compilers that are fully compatible with the 
Intel PUM-51 language definition 


• Fully compatible with ASM51/L1NK51 


• Produce highly optimized code 


• Support the XRAY51 high-level debugger 


• Support in-line assembly code 


• Optional IEEE single-precision floating 
point package 


• Include several utility programs: pr, grep, 


aar, cpp, scU51 , ocC051 , ocUhex, 
ocUeee, 
ocCsrec, ocUhex, 
ocCsrec, 


makelib and pack 


• Utility library included in source code 


• Combiner performs optimization at load-file 
level 


• Easy tailoring to application and target 
hardware 


• Produce relocatable code and data 


• Support optimize(4): intermodule overlay 
optimization 


• Support 15 interrupts 


• Automatic installation with self-test 


• Available for many hosts besides the IBM 
PC (MS-DOS), for example: (micro-)VAX, 
(VMS, Ultrix), HP9000/300 (HP-UX), 
SUN-3 (Sun-OS); available from 
BSOlTasking Software B.V. 


C-51 Features 


• Supports ANSI C with powerful 8051 
extensions: 
- 
bi~type to use the on-ehip bit 
addressable area 


- 
interrupt <number> and using 
<registerbank> for interrupt servicing at 
C-Ievel 


• Supports HLL-debugger XRAY51 (in 
combination with ASM51) 


• Supports all members of the 8051 family 


• Produces very efficient and reliable code 


• Code is ROMabie 


• Easy migration from BSOlTasking PUM-51 


to BSOlTasking C-51 through mixed 
language programming 


• Supports 4 memory models to best meet 
application requirements 


• Separate compilation of program modules 


• Embodies integral standard preprocessor 


• Is one-pass, fast and compact (no 


intermediate code or files) 


• 3-layer design simplifies maintenance 


• Complete set of UNIX-like compiler options 


• Comes with C library and run-time support, 


including 1/0 calls (+ printf), memory 
management, floating point math, and 
arithmetic functions 


• Available on many hosts: (micro)VAX (VMS 
or Ultrix), IBM PC (DOS, Xenix), IBM 6150, 
SUN-31-4/-386i (SUN-OS), HP9000-300 
(HP-UX), Apollo (UNIX) 


• Generates re-entrant + relocatable code 
and relocatable data 


• Same calling sequence on all hosts 


• Same source and generated assembly 
code can be used on all hosts 


• Automatic installation and self test 


• Benchmarks and application notes are 
available on request. 
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XRAY51 Commands 
XRAY51 uses a powerful command language 
that employs C language expressions. Note, 
all commands can be issued in an 
abbreviated form. 


Session 
Control 
Commands 
HOST 
Enter the host operating 
system environment 
LOAD 
Load an object module for 
debugging 
QUIT 
Terminate a debugging 
session 


Execution 
and Breakpoint 
Commands 
BREAK 
INSTRUCTION 
Set an instruction 
breakpoint 
CLEAR 
Clear a breakpoint 
GO 
Start or continue program 
execution 
GOSTEP 
Execute macro after each 
instruction step 
STEP 
Execute a specified 
number of instruction lines 
STEPOVER 
Step, but execute through 
procedures 


Display Commands 
DISASSEMBLE 
Display disassembled 
memory (assembly mode) 
Display memory contents 
Display all local variables 
of a procedure 
Search for a string 
Open a file or device for 
writing 
Print formatted output to a 
viewport or file 
Display source code 
Monitor variables 
Find nexl occurrence of a 
string 
NOMONITOR 
Discontinue monitoring 
variables 
Print formatted output to a 
command viewport 
PRINTVALUE 
Print the value of a variable 


LIST 
MONITOR 
NEXT 


Memory Commands 
COMPARE 
Compare two blocks of 
memory 
COpy 
Copy a memory block 
FILL 
Fill a memory block with 
values 
SEARCH 
Search a memory block for 
a value 
SETMEM 
Change the values of 
memory locations 
SETREG 
Change the contents of a 
register 
TEST 
Examine memory area for 
invalid values 


Port VO and Interrupt 
Commands 
DIN 
Display input port buffer 
values 
DOUT 
Display output port buffer 
values 


Set or alter input port status 
Simulate an interrupt 
Cancel pending interrupts 
Set or alter output port 
status 
Rewind input file 
associated with input port 
Rewind output file 
associated with output port 


Symbol Commands 
ADD 
Create a symbol 
DELETE 
Delete a symbol from the 
symbol table 
PRINTSYMBOLS Display symbol, type, and 


address 


SCOPE 
Specify current module and 
procedure scope 


INPORT 
INTERRUPT 
NOINTERRUPT 
OUTPORT 


Utility Commands 
CEXPRESSION 
Calculate the value of an 
expression 
ERROR 
Set include-file error 
handling 
HELP 
Display on-line help screen 


INCLUDE 
Read in and process a 
command file 
JOURNAL 
Record a debugger session 
in a file 
LOG 
Record debugger 
commands and errors in a 
file 


MODE 
Select debugger mode 
(high or assembly) 
OPTION 
Set debugger options for 
this session 
PAUSE 
Pause simulation 
RESET 
Simulate microprocessor 
reset 


RESTART 
Restart program counter to 
the program starting 
address 
STARTUP 
Save the default startup 
options 


Macro Commands 
DEFINE 
Create a macro 
SHOW 
Display the macro source 


Viewport 
Commands 


VACTIVE 
Activate a viewport 


VCLEAR 
Clear data from a viewport 


VCLOSE 
Remove a user-defined 
viewport or screen 


VMACRO 
Attach a macro to a 
viewport 


VOPEN 
Create a screen or 
viewport or change sizes 


VSCREEN 
Activate a screen 


VSETC 
Set the cursor position for a 
viewport 
ZOOM 
Increase or decrease the 
size of a viewport 


Function 
Key Commands 


VACTIVE-1 
Activate the nexl viewport 
(counter clockwise) 
VACTIVE+ 1 
Activate the nexl viewport 
(clockwise) 


MODE 
Change debugging mode 
(assembly/high) 


Increase or decrease the 
size of a viewport 
Access on-line help 
Change the active screen 
Back up one command 
Execute one machine 
instruction or source line 
Step, but execute through 
procedures 


In-Circuit 
Emulator 
Commands 


ICE 
Communicate with in-circuit 
emulator (ICE) 


NOICE 
Return to debugger 
command mode 


HELP 
VSCREEN 
BACK UP 
STEP 


Program 
Execution 
Commands 


BRn 
Break at given address 
(n = 0,1,2,3) 
Break within given address 
range 
Break at branch instruction 
Break on internal RAM 
value 
Initiates program execution 
(specified addresses) 
Executes single instruction 
or instructions (from a 
specified address) 
User-defined memory 
address on display 
Display executed 
instruction flow (real time) 
Display interrupt enable, 
priority and status of all 
interrupt sources 


GO 
(FROM, TILL) 
STEP (FROM) 


Memory Access Commands 
DBYTE 
Displays specified byte 
from internal data memory 
XBYTE 
Displays specified byte 
from external data memory 


CBYTE 
Displays specified byte 
from code memory 


RBYTE 
Displays specified byte 
from on-chip register 
memory 


RBIT 
Displays specified bit from 
on-chip bit-addressable 
memory 


ASM 
Assemble single instruction 
mnemonic into program 
memory 


DASM 
Disassemble memory 
values into mnemonics 


Memory Set Commands 
All registers can be set and displayed by 
commands equal to their names (PSW, 
SCON, P3, TH1, TL 1, TLO, etc.) 


Serial VO Interface Commands 
SAVE 
Copies data from SDS 
8051 program memory to 
host disk file 


LOAD 
Transfers file from host to 
SDS 8051 
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SDS 8051 SPECIFICATION 
ORDERING 
INFORMATION1 
for 8XC5521562: 
OM1092+ 


RS232C 
-Two 
ports 
All of the 8051 development tools listed 
(PLCC interface) 
OM1095 


- Baud rate selectable 
below are available from your local Philips 
for8XCE558 
OM4271+ 
from 300 to 19200 baud 
Semiconductors sales office. The symbolic 
(No OFP-80 adapter) 
OM4110 
- Download file format: 
debugging package, cross-assembler and 
for8XC592: 
OM4112+ 
Intel HEX 
compiler are sourced from Tasking Software 
- Recognize XonIXoff 
B.V., Amersfoort, The Netherlands, which 
(PLCC interface) 
OM4110 


Trace memory 
- 2048 lines deep, 64 bits 
holds all intellectual property rights for these 
for8XCE598 
OM4114+ 


wide 
products. 
(No OFP-80 adapter) 
OM4110 


- IntemaVextemal code 
Stand-alone 
debug station 
OM4120S 
for 8XC6521654: 
OM1092+ 
memory fetches; data 
(excluding probe) for the 8051 family 
(DIUPLCC interface) 
OM1096 
from all ports, lables, 
user test clips 
Symbolic 
debugging 
for8XC751: 


- Selective tracing on 
package XRAY51 
OM4129 
(DIUPLCC interface) 
OM1094 
cycle type 
SDS-Window 
debugger 
OM1089 
for8XC752: 
Emulation memory- 
64 kbytes 
Cross-assembler 
for MS-DOS 
OM4142 
(DIL interface) 
OM5072 
- No wait states 
(Tasking) 
for8XC851: 
Clock speed 
- Up to 20MHz, real time 
Cross-assembler 
for MS-DOS 
OM1024 
(DIUPLCC interface) 
OM1092 
Power down 
- Supports power-down 
and idle mode 
(2500) 
for 83C852: 
OM4119 
PUM-51 compiler 
for MS·DOS 
OM4144 
Signals to 
- Output from SDS: 
Adapters:2 
extemal equipment 
ALE: indicates valid 
C-51 compiler 
OM4136 
for8XC451: 
address 
Emulation 
probes4: 
68-pin PLCC probe to 
CLK: indicates opcode 
for 803218052180C32180C523: 
OM4111+ 
64-pin DIL socket 
OM4124 
read 
(DIUPLCC interface) 
OM4110 
PSENE: indicates byte 
for80C51: 


read 
for 80C51/80C31/8051/8031 
: 
OM1092+ 
40-pin DIL probe to 


EMUL: indicates run- 
(DIUPLCC interface) 
OM1097 
44-pin PLCC socket 
OM4125 


ning user program 
for80CL51: 
OM1079 
for 80C51 DIL 40 types: 
- Input to SDS: 
(DIL interface) 
DIL-40 socket to OFP-44 footprint: 
OM4117 
EXTBRK: stop 
for 8XC0531054: 
OM5054 
for 8XC5521562 
emulation by extemal 
pulse 
(SDIP interface) 
PLCC-64 socket to 
Size 
- 300 x 66 x 235 mm 
for8XCL410/411: 
OFP-80 footprint: 
OM4116 


(WxHxD) 
(DIL interface) 
OM1079 
for 8XCE598/558 
Weight 
- 5 kg (approx.) 
for 8XCL7811782152: 
OM5012+ 
OFP-80 footprint: 
OM4115 
Power supply 
- 110/220V AC, 50/60 
Hz 
(DIL interface) 
OM1079 
for 83C852: 
Cables 
- Mains cable; 
RS2321V24 cable for con- 
for 8XCL580: 
OM5004+ 
contactless card reader 


nection to an IBM PCIXT 
OM1079 
adapter 
OM4118/1 
ISO contact card reader 
for 83CL 168/167/268/267: 
OM4840+ 
adapter 
OM4118/2 
(SDK 64 interface) 
OM1079 
AFNOR contact and reader 


for8XC451: 
adapter 
OM4118/3 
(PLCC interface) 
OM4123 
Conversion 
kits: 


for 8XC528/524: 
OM4111+ 
for converting the OM1 092 to an: 


(DIUPLCC interface) 
OM4110 
8XC5521562 
probe 
OM1095 


for8XC550: 
OM5055+ 
8XC6521654 
probe 
OM1096 


(DIUPLCC interface) 
OM4110 
80C31/80C51 
probe 
OM1097 


NOTES: 
1. A minimum SDS configuration must include an OM4120S and an emulation probe. A minimum PC configuration must include 256 kbytes 


system memory running MS-DOS 3.0 (or later releases), one floppy disk drive and a monochrome monitor. However, we recommend using 
an IBM PCIXT (or compatible) with 640 kbytes RAM, hard disk drive, floppy disk drive and a color monitor. The SDS software can be 
supplied on 31/2" or 51/4" diskettes. Conversion kits require the OM1092. 
2. 
Support for OFPs will be available in the near future. 


3. 
Minor restrictions. 
4. All probes 16MHz, except OM4123 (12MHz) and OM4119 (6MHz) 


ICE is a trademark of Intel Corporation. 
XRAY is a trademark of Microtec Research Inc. 
MS-DOS is a trademark of Microsoft Corporation. 
VAX is a trademark of Digital Equipment Corporation. 
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Package Outlines 


SOT96A 
8-Pin Plastic SOL (Small Outline Large) Oualln-Line 
(OfT) Package 
1355 


SOT97 
8-Pin Plastic Oualln-Line 
(NIP) Package 
1356 


SOT101/04100 
24·Pin (300 mils wide) Plastic Oualln-Line 
(N) Package 
1357 


S0T117 
28-Pin Plastic Oualln-Line 
(NIP) Package 
1358 


SOT129 
40-Pin Plastic Oualln-Line 
(NIP) Package 
1359 


S0T136A 
28·Pin Plastic SO (Small Outline) Oualln-Line 
(D) Package 
1360 


S0T158A 
40-Pin Plastic VSO (Very Small Outline) Dual In-Line (OfT) Package 
.. 1361 


S0T187 
44-Pin Plastic Leaded Chip Carrier; Pocket Version (A) Package 
1362 


SOT188AA 
68-Pin Plastic Leaded Chip Carrier; Pocket Version (A) Package 
1363 


SOT190 
56-Pin Plastic VSO (Very Small Outline) Dual In-Line (DfT) Package 
.. 1364 


SOT205 
44-Pin Plastic Quad Flat Pack (B) Package 
1365 


SOT261/0401F 
28-Pin (300 mils wide) Plastic Leaded Chip Carrier (A) Package 
1366 


SOT270AG 
42-Lead Plastic Shrink Dual In-Line Package 
1367 


SOT274 
64-Pin Plastic Shrink Oualln-Line 
Package 
............•..•........ 
1368 


SOT307·2 
44-Pin Plastic Quad Flat Pack (B) Package 
............•........... 
1369 


SOT311 
44-Pin Square Plastic Quad Flat Pack (B) Package 
1370 


SOT318 
80-Pin Plastic Quad Flat Pack (B) Package 
1371 


SOT319 
64-Pin Plastic Quad Flat Pack Package 
1372 


SOT340 
24-Pin Plastic Shrink Small Outline Package (SSOP) ....•..•..•..... 
1373 


SOT341 
28-Pin Plastic Shrink Small Outline Package (SSOP) ....•........... 
1374 


SOT351 
80-Lead Ceramic Chip Carrier (CQFP) 
1375 


SOT389 
(refer to package number 1711-) 


0398E 
68-Pin Plastic Leaded Chip Carrier (A) Package 
1376 


0401F/SOT261 
28-Pin (300 mils wide) Plastic Leaded Chip Carrier (A) Package 
1366 


0403G 
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Positional accuracy. 
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Maximum Materia. Condition. 
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Centre·lines of all leads are 
within .0,127 mm of the 
nominal position shown; In 
the worst case, the spacing 
between any two leads may 
deviate from nominal by 
.0,254 mm. 


(2) 
Lead spacing tolerances apply 
from seating plane to the line 
Indicated. 
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Only for devices with 
asymmetrical end-leads. 
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indicated. 
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28 PLACES 


NOTES 
1. Package dimensions conform to JEDEC Specification MO·047·AB 
for Plastic Leaded Chip Carrier 28 leads, 0.050 inch (1.27mm) lead 
spacing, square. (Issue A, 10/31/84.) 
2. 
Controlling dimensions: inches. Metric dimensions in mm are shown 
in parentheses. 
3. 
Dimensioning and tolerancing per ANSI Y14.5M·1982. 
& Datum plane "·H-" located at the top of mold parting line and coincident 
with top of lead, where lead exits plastic body. 
& Location to datum "·A-" and "·B·" to be determined at plane "·H·". These 
datums do not include mold flash. Mold flash protrusion shall not 
exceed 0.010" (0.25mm) on any side. 
& Datum "D-E" and "F-G" arB determined where these center leads 
exit from the body at plane "·H-". 


7. 
Pin numbers continue counterclockwise to Pin 28 (top view) . 
8. 
Signetics order code for product packaged in a PLCC is the suffix 
"A" after the product number. 
.&. Applicable to packages with pedestal only. 
& 
Location of Pin #1 mark is optional. Mark on chamfered side is preferred. 
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68 PLACES 


NOTES 


1, Package dimensions conform to JEDEC Specification MO-047-AE 
for Plastic Leaded Chip Carrier 68 leads, 0,050 inch lead spacing, 
square. (Issue A, 10/31/84), 


2, 
Controlling dimensions: inches, Metric dimensions in mm are shown 
in parentheses, 


3. 
Dimensioning and tolerancing per ANSI Y14,5M-1982. 
& Datum plane "-H·" located at the top of mold parting line and coincident 


with top of lead, where lead exits plastic body. 


.&. Location to datum "-A-" and "-B-" to be determined at plane "-H-". These 


datums do not include mold fiash, Mold flash protrusion shall not 
exceed 0.010" (0,25mm) on any side, 
& Datum "D-E" and "F-G" are determined where these center leads 
exit from the body at plane "-H-", 


7. 
Pin numbers continue counterclockwise to Pin 68 (top view). 


8, 
Signetics order code for product packaged in a PLCC is the suffix 
"A" after the product number. 
&. Applicable to packages with pedestal only, 
& 
Location of Pin #1 mark is optional. Mark on chamfered side is 
preferred. 
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44 PLACES 


NOTES 
1. Package dimensions conform to JEDEC Specification MO·047·AC 
for Plastic Leaded Chip Carrier 44 leads, 0.050 inch (1.27mm) lead 
spacing, square. (Issue A, 10/31/84). 


2. 
Controlling dimensions: inches. Metric dimensions in mm are shown 
in parentheses. 


3. 
Dimensioning and tolerancing per ANSI Y14.5M·1982. 
& Datum plane "·H·" located at the top of mold parting line and coincident 
with top of lead, where lead exits plastic body. 


<:&. Location to datum "·A·" and "·B·" to be determined at plane "·H·". These 
datums do not include mold flash. Mold flash protrusion shall not 
exceed 0.010" (0.25mm) on any side. 
& Datum "D-E" and "F-G" are determined where these center leads 
exit from the body at plane "·H·". 


7. 
Pin numbers continue counterclockwise to Pin 44 (top view). 


8. 
Signetics order code for product packaged in a PLCC is the suffix 
"A" after the product number. 


&;, Applicable to packages with pedestal only. 


J::.. 
0.015(0.38) ~ 
j 


ill 
0005(0.13) 
C~~N~~Wio 


PEOESTAL 
PEOESTAL 
~--------- 
CLEARANCE 


~ 
} 
/ 
SEATING 
PLANE 


L 
I. 
.1 
I&.0 ~~~:~;:: 
-1+10010(025) 


~::~:::: 
~$10015(038)®1D-t®1 


0 
"0 


"" 
~ 
0 
""U 
-0. 
w 
Dl 
'" 
'" 
(') 
en 
CD 
" 
3 
Dl 
o· 


"" 
<0 
0 
~ 
:l 
CD 
a. 


'tl 
c 
0 
n 
Z 
c; 
C 
iil 
'tl 
= 
0> 
r- 
a 
» 
::J 
() 
III 
CD 
~ 
:j 
en 
cD 
0 
ll> 
'" 
r- 
CD 
m 
a. 


0> 
» 
cD 
c 
'" 
m 
;:: 
c 
o· 


0 
g 
::I: 
0 
=ti 
:l 
~ 
0 
CD 
» 
iil 
::tJ 
::tJ 
m 
::tJ 
~ 
~0 
~ 


'"m 


1 
0.560 
(14.22)1 


3M 


):: 


0.100(2.54)BSC 
~ 


1.460 (37.08) 


1.415 
(35.94) 


P~(508) 
=t"" 


0.138 
(3.51) 


0.120 
(3.05) 


NOTES: 


1. Controlling dimension: Inches. Metric are shown in parentheses. 


2. 
Package dimensions conform to JEDEC 
Specification MS-Oll-AS 
for standard Dual In-Line (DIP) package 0.600 inch row spacing 
(plastic) 28 leads (Issue S, 7/84). 


Dimension and tolerancing per ANSI Y14, 5M - 1982. 


"T", "D", and "E" are reference datums on the molded body and 
do not include mold flash or protrusions. Mold flash or protrusions 
shall not exceed 0.010 inch (0.25mm) on any side. 


5. 
These dimensions measured with the leads constrained to be 
perpendicular to plane T. 
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NOTES: 


1. Controlling dimension: Inches. Metric are shown in 
parentheses. 


2. 
Package dimensions conform to JEDEC 
Specification 
M5-{)f1-AC 
for standard Duallr~Line 
package 0.600 inch 
row spacing (plastic) 40 leads (Issue B, 7/85). 


Dimension and tolerancing per ANSI Y14, 5M - 1982. 


"T", "D", and "E" are reference datums on the molded body and 
do not include mold flash or protrusions. Mold flash or 
protrusions shall not exceed 0.010 inch (0.25mm) on any side. 


These dimensions measured with the leads constrained to be 
perpendicular to plane T. 
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NOTES: 
1. Controlling 
dimension: 
Inches. Millimeters 
are 
shown in parentheses. 


2. 
Dimension 
and tolerancing 
per ANSI Y14. 5M-1982. 


3. "T", "D", and "E" are reference 
datums on the body 
and include allowance 
for glass overrun and meniSCUS 
on the seal line, and lid to base mismatch. 


4. These dimensions 
measured 
with the leads 
constrained 
to be perpendicular 
to plane T. 


5. 
Pin numbers start with Pin #1 and continue 
counterclockwise 
to Pin #24 when viewed 
from the top. 


(/;) 6. Denotes window location for EPROM 
products. 
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NOTES: 
1. Controlling dimension: Inches. Millimeters are 
shown in parentheses. 


2. Dimension and tolerancing per ANSI Y14. 5M-1982. 


3. "T". "0". and "E" are reference datums on the body 
and include allowance for glass overrun and meniscus 
on the seal line, and lid to base mismatch. 


4. These dimensions measured with the leads 
constrained to be perpendicular to plane T. 


5. Pin numbers start with Pin #1 and continue 
counterclockwise to Pin #28 when viewed 
from the top. 


~ 
6. Denotes window location for EPROM products. 
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NOTES: 
1. Controlling dimension: Inches. Millimeters are 


shown in parentheses. 


2. Dimension and tolerancing per ANSI Y14. 5M-1982. 


3. 'T, "0", and "E" are reference datums on the body 
and include allowance for glass overrun and meniscus 
on the seal line, and lid to base mismatch. 


4. These dimensions measured with the leads 
constrained to be perpendicular to plane T. 


5. Pin numbers start with Pin #1 and continue 
counterclockwise to Pin #40 when viewed 
from the top. 


6. Denotes window location for EPROM products. 
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PIN 1 MARK 
(NOTE 
3) 


NOTES: 


1. Package dimensions conform to MEC specification. 


2. 
Controlling dimensions are in mm. Dimensions in parentheses 
are in inches. 


3. 
Pin numbers start with Pin #1 and continue counterclockwise to 
to Pin #44 when viewed from top. 


®& Molded identation maYbe replaced by other unique feature within 
this zone to indicate P"in#1 location. 
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NOTES: 


1. Controlling Dimensions: Inches 
Millimeters are shown in parenthesis. 


2. Dimension and tolerancing per ANSI 
Y14.5M-1982 
& When a window lid is used, the overall 
package thickness must increase by 
a minimum of .010 inch (0.25mm) 
and a maximum of .040 inch (1.020mm). 
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NOTES: 
1. All dimensions and tolerances to conform 
to ANSI Y14.5-1982. 
& UV window is optional. 
& Dimensions do not include glass protrusion . 


Glass protrusion to be 0.005 inches maximum 
on each side. 


4. Controlling dimension millimeters. 


5. All dimensions and tolerances include 
lead trim offset and lead plating finish. 


LID. Backside solder relief is optional and 
dimensions are for reference only. 
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NOTES: 
1. All dimensions and tolerances to confonn 
to ANSI Y14.5-1982. 
£ UV window is optional. 
Lfu. Dimensions do not include glass protrusion. 


Glass protrusion to be 0.005 inches maximum 
on each side. 
4. Controlling dimension millimeters. 


5. All dimensions and tolerances include 
lead trim offset and lead plating finish. 


LID. Backside solder relief is optional and 
dimensions are for reference only. 
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NOTES 


1. Controlling dimension: inches. Metric dimensions are shown in 
parentheses. 
2. 
Package dimensions conform to Philips envelope SOT-270. 
& Molded body length and width do not include mold flash or 
protrusions. Mold flash or protrusions shall not exceed 
0.010 inch (0.2Smm) per side. 
ill These dimensions measured with the leads constrained to be 


perpendicular to seating plane. 


5. 
Pin numbers start with Pin #1 and continues counterclockwise 
to Pin #42 when viewed from the top. 
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NOTES, 


1. 
Package dimensions confonn to JEDEC registration MO-136-1992. 


2. 
Controlling dimensions: millimeters. Dimensions in inches are 
shown in parentheses. 


3. 
Dimension and tolerancing per ANSI Y14.5M-1982. 
£ Datum plane "W is located at the mold parting line and is coincident 
with the lead where the lead exits the plastic body at the bottom of 
the parting line. 
& Datums "A-B" and "D" to be detennined at datum plane "H". 
& To be detennined at seating plane "Co. 
!b. Details of Pin 1 identifier are optional but must be located within 
the zone indicated. 


& Packa\le body dimensions do not include mold protrusion. Allowable 


protrusion is 0.25mm per side, but it includes mold mismatch. 


& Lead width does not include dambar protrusion. Allowable dambar 
protrusion shall be 0.08 mm I 0.003" total in excess of this 
dimension at maximum material condition. Dambar cannot be 
located on the lower radius or the foot. 
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Section 10 
North American Sales Offices, 
Representatives 
and Distributors 


North American 
Sales Offices, Representatives 


and Distributors 


PHILIPS 
SEMICONDUCTORS 
811 East Arques 
Avenue 
P.O. Box 3409 
Sunnyvale, 
CA 94088-3409 


ALABAMA 
Huntsville 
Philips Semiconductors 
Phone: (205) 464-0111 


Elcom, Inc. 
Phone: (205) 830-4001 


ARIZONA 
Scottsdale 
Thom Luke Sales, Inc. 
Phone: (602) 451-5400 


CALIFORNIA 
Calabasas 
Philips Semiconductors 
Phone: (818) 880-6304 


Irvine 
Philips Semiconductors 
Phone: (714) 453-0770 


Loomis 
BA E. Sales, Inc. 
Phone: (916) 652-6777 


San Diego 
Philips Semiconductors 
Phone: (619) 560-0242 


San Jose 
B.A.E. Sales, Inc. 
Phone: (408) 452-8133 


Sunnyvale 
Philips Semiconductors 
Phone: (408) 991-3737 


COLORADO 
Englewood 
Philips Semiconductors 
Phone: (303) 792-9011 


Thom Luke Sales, Inc. 
Phone: (303) 649-9717 


CONNECTICUT 
Wallingford 
JEBCO 
Phone: (203) 265-1318 


FLORIDA 
Oviedo 
Conley and Assoc., Inc. 
Phone: (407) 365-3283 


GEORGIA 
Atlanta 
Philips Semiconductors 
Phone: (404) 594-1392 


Norcross 
Elcom, Inc. 
Phone: (404) 447-8200 


ILLINOIS 
Hoffman Estates 
Micro-Tex, Inc. 
Phone: (708) 765-3000 


Itasca 
Philips Semiconductors 
Phone: (708) 250-0050 


INDIANA 
Indianapolis 
Mohrfield Marketing, Inc. 
Phone: (317) 546-6969 


Kokomo 
Philips Semiconductors 
Phone: (317) 459-5355 


MARYLAND 
Columbia 
Third Wave Solutions, Inc. 
Phone: (410) 290-5990 


MASSACHUSETTS 
Chelmsford 
JEBCO 
Phone: (508) 256-5800 


Westford 
Philips Semiconductors 
Phone: (508) 692-6211 


MICHIGAN 
Monroe 
S-J Associates 
Phone: (313) 242-0450 


Novi 
Philips Semiconductors 
Phone: (313) 347-1700 


MINNESOTA 
Bloomington 
High Technology Sales 
Phone: (612) 844-9933 


MISSOURI 
Bridgeton 
Centech, Inc. 
Phone: (314) 291-4230 


Raytown 


Centech, Inc. 
Phone: (816) 358-8100 


NEW JERSEY 
Toms River 
Philips Semiconductors 
Phone: (908) 505-1200 


NEW YORK 
Ithaca 
Bob Dean, Inc. 
Phone: (607) 257-1111 


Rockville 
Centre 
S-J Associates 
Phone: (516) 536-4242 


Wappingers 
Falls 


Philips Semiconductors 
Phone: (914) 297-4074 


Bob Dean, Inc. 
Phone: (914) 297-6406 


NORTH 
CAROLINA 
Greensboro 
ADI, Inc. 
Phone: (919) 273-8887 


Matthews 
ADI, Inc. 
Phone: (704) 847-4323 


Smithfield 
ADI, Inc. 
Phone: (919) 934-8136 


OHIO 
Aurora 
S-J Associates, Inc. 
Phone: (216) 562-2050 


Columbus 
S-J Associates, Inc. 
Phone: (614) 885-6700 


Kettering 
S-J Associates, Inc. 
Phone: (513) 298-7322 


Parma 
S-J Associates, Inc. 
Phone: (216) 888-7004 


Toledo 
S-J Associates, Inc. 
Phone: (313) 242-0450 


West Carrollton 
S-J Associates, Inc. 
Phone: (513) 438-1700 


OREGON 
Beaverton 
Philips Semiconductors 
Phone: (503) 627-0110 


Western Technical Sales 
Phone: (503) 644-8860 


PENNSYLVANIA 
Erie 
S-J Associates, Inc. 
Phone: (216) 888-7004 


Hatboro 
Delta Technical Sales, Inc. 
Phone: (215) 957-0600 


Pittsburgh 
S-J Associates, Inc. 
Phone: (216) 888-7004 


Plymouth 
Meeting 
Philips Semiconductors 
Phone: (215) 825-4404 


TENNESSEE 
Dandridge 
Philips Semiconductors 
Phone: (615) 397-5053 


TEXAS 
Austin 
Philips Semiconductors 
Phone: (512) 339-9945 


Austin 
Synergistic Sales, Inc. 
Phone: (512) 346-2122 


Houston 
Synergistic Sales, Inc. 
Phone: (713) 937-1990 


Richardson 
Philips Semiconductors 
Phone: (214) 644-1610 


Richardson 
Synergistic Sales, Inc. 
Phone: (214) 644-3500 


UTAH 
Salt Lake City 
Electrod)'ne 
Phone: (801) 264-8050 


WASHINGTON 
Bellevue 
Western Technical Sales 
Phone: (206) 641-3900 
Spokane 
Western Technical Sales 
Phone: (509) 922-7600 


WISCONSIN 
Waukesha 
Micro-Tex, Inc. 
Phone: (414) 542-5352 


CANADA 
PHILIPS 
SEMICONDUCTORS 
CANADA, 
LTD. 


Calgary, Alberta 
Tech-Trek, Ltd. 
Phone: (403) 241-1719 
Kanata, Onterio 
Philips Semiconductors 
Phone: (613) 599-8720 
Tech-Trek, Ltd. 
Phone: (613) 599-8787 
Mississauga, 
Ontario 
Tech-Trek, Ltd. 
Phone: (416) 238-0366 


Richmond, 
B.C. 
Tech-Trek, Ltd. 
Phone: (604) 276-8735 
Ville St. Laurent, Quebec 
Tech-Trek, Ltd. 
Phone: (514) 337-7540 


MEXICO 
Anzures 
Section 
Philips Components 
Phone: 52-5-533-3858 
EIPaso,TX 
Philips Components 
Phone: (915) 775-4020 


PUERTO 
RICO 
Santurce 
Mectron Group 
Phone: (809) 723-6165 


DISTRIBUTORS 
Contact one of our 
local distributors: 
Almac/Arrow 
Electronics 
Anthem 
Electronics 
Arrow/Schweber 
Electronics 
Future 
Electronics 
Gerber 
Electronics 
Hamilton 
Hallmark 
Marshall 
Industries 
Wyle 
Laboratories, 
EMG 


Zeus 
Electronics 


Philips Semiconductors 


DATA HANDBOOK 
SYSTEM 
Philips Semiconductors data handbooks contain all pertinent 
data available at the time of publication and each is revised 
.and reissued regularly. 


Loose data sheets are sent to subscribers to keep them 
up-to-date on additions or alterations made during the 
lifetime of a data handbook. 


Catalogs are available for selected product ranges (some 
catalogs are also on floppy discs). 


Our data handbook titles are listed here. 


Integrated Circuits 


Book 
Title 


ICOl 
Semiconductors for Radio and Audio Systems 


IC02 
Semiconductors for Television and Video Systems 


IC03 
Semiconductors for Telecom Systems 


IC04 
CMOS HE4000B Logic Family 


IC05 
Advanced Low-power Schottky (ALS) Logic 
Series 


ICOO 
High-speed CMOS Logic Family 


IC08 
100K ECL Logic Families 


IC10 
Memories 


IC11 


IC12 


General-purpose/Linear ICs 


Display Drivers and Microcontroller Peripherals 
(planned) 


Programmable Logic Devices (PLD) 


8048-based 8-bit Microcontrollers 


FAST TIL Logic Series 


ICs for Clocks and Watches 


Semiconductors for In-car Electronics and 
General Industrial Applications (planned) 


RF/Wireless Communications 


Semiconductors for Datacom: LANs, UARTs, 
Multi-protocol Controllers and Fibre Optics 


80C51-based 8-bit Microcontrollers 


68000-based 16-bit Microcontrollers (planned) 


ICs for Multi-media Systems (planned) 


CUBiC Advanced BiCMOS Bus Interface Logic 
ABT, MULTIBYTE'" 


IC24 
Low Voltage CMOS & BiCMOS Logic 


IC15 


IC16 


IC18 


IC17 


IC19 


IC20 


IC21 


Book 


SC01 


SC02 


SC03 


SC04 


SC05 


SC07 


SC08a 


SC08b 


SC09 


SC10 


SC13 


Title 


Diodes 


Power Diodes 


Thyristors and Triacs 


Small-signal Transistors 


Low-frequency Power Transistors and Hybrid IC 
Power Modules 


High-voltage and SWitching NPN Power 
Transistors 


Small-signal Field-effect Transistors 


RF Power Bipolar Transistors 


RF Power MOS Transistors 


RF Power Modules 


Surface Mounted Semiconductors 


Power MOS Transistors 
inclUding TOPFETs and IGBTs 


RF Wideband Transistors, Video Transistors 
and Modules 


Microwave Transistors 


SC16 
Wideband Hybrid IC Modules 


SC17 
Semiconductor Sensors 


Professional Components 


PCOl 
High-power Klystrons and Accessories 


PC06 
Circulators and Isolators 


MORE INFORMATION 
FROM PHILIPS 
SEMICONDUCTORS? 
For more information about Philips Semiconductors data 
handbooks, catalogs and subscriptions contact your nearest 
Philips Semiconductors national organization, select from 
the address list on the back cover of this handbook. 
Product specialists are at your service and inquiries are 
answered promptly. 


OVERVIEW 
OF PHILIPS 
COMPONENTS 


DATA HANDBOOKS 
Our sister product division, Philips Components, also has a 
comprehensive data handbook system to support their 
products. Their data handbook titles are listed here. 


Display Components 


Book 
Title 


DC01 
Colour Display Components 
Colour TV Picture Tubes and Assemblies 
Colour Monitor Tube Assemblies 


DC02 
Monochrome Monitor Tubes and Deflection Units 


DC03 
Television Tuners, Coaxial Aerial Input 
Assemblies 


DCOS 
Flyback Transformers, Mains Transformers and 
General-purpose FXC Assemblies 


Magnetic 
Products 


MA01 
Soft Ferrites 


MA03 
Piezoelectric Ceramics 
Specialty Ferrites 


MA04 
Dry-reed Switches 


Passive Components 


PA01 
Electrolytic Capacitors 


PA02 
Varistors, Thermistors and Sensors 


PA03 
Potentiometers and Switches 


PA04 
Variable Capacitors 


PAOS 
Film Capacitors 


PA06 
Ceramic Capacitors 


PA07 
Quartz Crystals for Special and Industrial 
Applications 


PAOe 
Fixed Resistors 


PA10 
Quartz Crystals for Automotive and Standard 
Applications 


PA11 
Quartz Oscillators 


Professional 
Components 


PC04 
Photo Multipliers 


PCOS 
Plumbicon Camera Tubes and Accessories 


PC07 
Vidicon and Newvicon Camera Tubes and 
Deflection Units 


pcoe 
Image Intensifiers 


PC12 
Electron Multipliers 


MORE INFORMATION 
FROM PHILIPS 


COMPONENTS? 
For more information contact your nearest Philips 
Components national organizaiton shown in the following 
list. 


Argentina: 
BUENOS AIRES, Tel. (541) 786 7633, Fax. (541) 786 9367. 


Australia: 
NORTH RYDE, Tel. (02) 805 4455, Fax. (02) 805 4466. 


Austria: 
WIEN, Tel. (01) 60 101-1236, Fax. (01) 60 101-1211. 


Belgium: 
EINDHOVEN, The Netherlands, 


Tel. (31)40783749, 
Fax. (31)40 788 399. 


Brazil: SAO PAULO, Tel. (011) 829-1166, Fax (011) 829-1849. 


Canada: INTEGRATED CIRCUITS: Tel. (800) 234-7381, 
Fax. (708) 296-8556 


DISCRETE SEMICONDUCTORS: 
SCARBOROUGH 


Tel. (0416) 292-5161 ext. 2336, Fax. (0416) 292-4477 


Chile: SANTIAGO, Tel. (02) 773 816, Fax. (02) 777 6730. 


Columbia: 
BOGOTA, Tel. (571)2174609, 
Fax (01) 217 4549. 


Denmark: COPENHAGEN, Tel. (032) 88 2636, Fax. (031) 571949. 


Finland: ESPOO, Tel. (9)050261, 
Fax. (9)0 520971. 


France: SURESNES, Tel. (01)40996161, 
Fax, (01)4099 6427. 


Germany: 
HAMBURG, Tel. (040) 3296-0, Fax. (040) 3296 213. 


Greece: TAVROS, Tel. (01) 4894 339/4894 911, Fax. (01) 4814 240. 


Hong Kong: KWAI CHUNG, Tel. (0)4245121, 
Fax. (0) 4806 960. 


India: BOMBAY, Tel. (022) 4938 541, Fax. (022) 4936 722. 


Indonesia: 
JAKARTA, Tel. (021) 5201122, 
Fax. (021) 5205189. 


Ireland: DUBLIN, Tel. (01) 640 000, Fax. (01) 640 200. 


Italy: MILANO, Tel. (02) 6752.1, 
Fax. (02) 6752.3350. 


Japan: TOKYO, Tel. (03) 3740 5101, Fax. (03) 3740 0570. 


Korea (Republic oij: SEOUL, SEOUL, Tel. (02) 794-5011, Fax. (02) 798-8022. 


Malaysia: SELANGOR, Tel. (03) 757 5511, Fax. (03) 757 4880. 


Mexico: 
EL PASO, TX 79905, Tel. 9-5(800) 234-7381, 
Fax. (708) 296-8556 


Netherlands: 
EINDHOVEN, Tel. (040) 78 37 49, Fax. (040)78 83 99. 


New Zealand: AUKLAND, Tel. (09) 849-4160, 
Fax. (09) 849-7811. 


Norway: OSLO, Tel. (22) 74 8000, 
Fax (22)74 8341. 


Pakistan: 
KARACHI, Tel. (021) 577 039, Fax. (021) 569 1832. 


Philippines: 
MANILA, Tel. (02) 810 0161, Fax. (02) 817 3474. 


Portugal: 
L1SBOA, Tel. (01) 683121, 
Fax. (01) 658 013. 


Singapore: 
SINGAPORE, Tel. (65) 350 2000, Fax. (65) 251 6500. 


South Africa: JOHANNESBURG, 
Tel. (011) 470-5433, 
Fax. (011) 470-5494. 


Spain: BARCELONA, Tel. (03) 301 6312, Fax. (03) 301 4243. 


Sweden: STOCKHOLM, Tel. (0)8-632 2000, Fax. (0)8-632 2745. 


Switzerland: 
ZORICH, Tel. (01) 488 2211, Fax. (01) 4817730. 


Taiwan: TAIPEI, Tel. (2) 388 7666, Fax. (2)382 4382. 


Thailand: 
BANGKOK, Tel. (2)399-3280 to 9, (2)398-2083, 
Fax. (2)398-2080. 


Turkey: ISTANBUL, Tel. (0212) 279 2770, Fax. (0212) 269 3094. 


Un~ed Kingdom: 
LONDON, Tel. (071) 436 4144, Fax. (071) 323 0342. 


Un~ed States: INTEGRATED CIRCUITS: SUNNYVALE, CA 
Tel. (BOO)234-7381, 
Fax. (708) 296-8556 


DISCRETE SEMICONDUCTORS: 
RIVIERA BEACH, FL 


Tel. (800) 447-3762 and (407)881-3200, 
Fax. (407) 881-3300 


Uruguay: 
MONTEVIDEO, Tel. (02) 70-4044, Fax (02) 92 0601. 


For all other countries apply to: Philips 
Components. 


Marketing Communications, Building BAF·l, 
P.O. Box 218, 5BOOMD, EINDHOVEN, The Netherlands 


Telex 35000 phtcnl, Fax. +31-40-724825. 


Appendix 
B 


8031 AHl8051 AH, 80C31/80C51187C51, 83C504/87C504, 
80C652183C652187C652*, 83C654/87C654*, 


80C851/83C851 


39 
33 


PO.1/AD1 


PO.21AD2 
17 
11 
23 
29 


PO.41AD4 
18 
28 
12 
22 


PO.SlAD5 
Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 


1 
NC 
23 
NC 
1 
Pl.5 
23 
P2.SlA13 


PO.61AD6 
2 
PLO 
24 
P2.OIAB 
2 
Pl.6 
24 
P2.61A14 


3 
P1.1 
25 
P2.1/A9 
3 
PL7 
25 
P2.7/A15 


4 
Pl.2 
26 
P2.21A10 
4 
RST 
26 
I'Sm 


EXlVpp 
5 
Pl.3 
27 
P2.31Al1 
5 
P3.O/RxD 
27 
ALEII'ROG 


6 
P1.4 
26 
P2.41A12 
6 
NC 
28 
NC 


7 
P1.5 
29 
P2.SlA13 
7 
P3.1/TxD 
29 
EXlVpP 
8 
P1.6 
30 
P2.61A14 
8 
P3.2JII'ITO 
30 
PO.7/IUJ7 


8 
PL7 
31 
P2.7/A15 
9 
P3.3IlfIT1" 
31 
PO.61AD6 


10 
RST 
32 
I'Sm 
10 
P3.4IT0 
32 
PO.SlIUJ5 


P2.61A14 
11 
P3.OIRxD 
33 
AlEA'ROO 
11 
P3.5IT1 
33 
PO.41AD4 


12 
NC 
34 
NC 
12 
P3.6IWR 
34 
PO.31AD3 
P2.SlA13 
13 
P3.1/TxD 
35 
EJWpp 
13 
P3.7Rll 
35 
PO.21AD2 


P2.41A12 
14 
P3.2JII'ITO 
36 
PO.l/AD7 
14 
XTAl2 
36 
PO.l/ADl 


15 
P3.3IlfIT1" 
37 
PO.SlAD6 
15 
XTAll 
37 
PO.OIIUJO 


P2.31A11 
18 
P3.4ITO 
38 
PO.SlAD5 
18 
vSS 
38 
VCC 


P2.21A10 
17 
P3.5IT1 
39 
PO.4IIUJ4 
17 
NC 
39 
NC 
18 
P3.6IWR 
40 
PO.3IIUJ3 
18 
P2.OIAB 
40 
PLO 
P2.1/A9 
19 
P3.7/RO 
41 
PO.21AD2 
19 
P2.1/A9 
41 
Pl.1 


P2.OIA8 
20 
XTA12 
42 
PO.l/AD1 
20 
P2.2/Al0 
42 
P1.2 


21 
XTALl 
43 
PO.OIADO 
21 
P2.31Al1 
43 
P1.3 


22 
VSS 
44 
VCC 
22 
P2.41A12 
44 
Pl.4 


P1.6 
and 
P1.7 
have 
the 
alternate 
functions 
SCL 
and 
SDA, 
respectively, 
on the 80C652183C652187C652 and 
83C654/87C654. 


NOTES 
TO QFP 
ONLY: 
1. 
Due 
to EMC 
improvements, 
it is advised 
to connect 
pins 
6, 16, 28, 
39 to Vss 
on the 
80C652183C652, 
and 
83C654. 


83C51 FAl87C51 FA, 83C51 FB/87C51 
FB, 83C51 FC/87C51 
FC, 83L51FAl8 7L51 FA, 83L51 FB/87L51 FB 


40 
44 
34 


39 
33 


PO.lIADl 


PO.2IIUJ2 


PO.31AD3 


11 
23 


PO.4/AD4 
17 
29 


PO.SlIUJ5 
18 
28 
12 
22 
PO.61AD6 


PO.7/AD7 


Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 
EJWpp 
1 
NC 
23 
NC 
1 
Pl.SlCEX2 
23 
P2.SlA13 


2 
P1.0IT2 
24 
P2.OIA8 
2 
Pl.8ICEX3 
24 
P2.61A14 
AlEll'llOO 
3 
P1.1/T2EX 
25 
P2.1/A9 
3 
P1.7/cEX4 
25 
P2.7/A15 


4 
P1.2lECI 
28 
P2.21Al0 
4 
RST 
28 
I'Sm 


5 
P1.3ICEXO 
27 
P2.31A11 
5 
P3.OIRxD 
27 
AlEA'ROO 
6 
Pl.4ICEX1 
28 
P2.41A12 
6 
NC 
28 
NC 
7 
P1.5ICEX2 
29 
P2.51A13 
7 
P3.1/TxD 
29 
EJWpp 
8 
P1.8ICEX3 
30 
P2.61A14 
8 
P3.2JII'ITO 
30 
PO.7/AD7 
P2.61A14 
9 
Pl.7/CEX4 
31 
P2.7/A15 
9 
P3.3IlfIT1" 
31 
PO.SlADe 


10 
RST 
32 
I'Sm 
10 
P3.4IT0 
32 
PO.51AD5 
11 
P3.OIRxD 
33 
AlEll'llOO 
11 
P3.5IT1 
33 
PO.41AD4 
12 
NC 
34 
NC 
12 
P3.6IWR 
34 
PO.31AD3 
P2.4/A12 
13 
P3.1/TxD 
35 
EJWpp 
13 
P3.7/RO 
35 
PO.21AD2 


P2.31Al1 
14 
P3.2JII'ITO 
36 
PO.7/AD7 
14 
XTAl2 
36 
PO.l/AD1 
15 
P3.3IlfIT1" 
37 
PO.SlADe 
15 
XTAl1 
37 
PO.OIADO 
16 
P3.4ITO 
38 
PO.51AD5 
16 
VSS 
38 
VCC 
17 
P3.5IT1 
39 
PO.41AD4 
17 
NC 
39 
NC 


P2.1/A9 
18 
P3.6IWR 
40 
PO.31AD3 
18 
P2.OIA8 
40 
P1.CVT2 
19 
P3.7/RO 
41 
PO.21AD2 
19 
P2.1JA9 
41 
Pl.11T2EX 
P2.OIAB 
20 
XTA12 
42 
PO.l/AD1 
20 
P2.2JA10 
42 
P1.2lECI 
21 
XTAL1 
43 
PO.ClAOO 
21 
P2.31A11 
43 
P1.3ICEXO 


22 
VSS 
44 
VCC 
22 
P2.41A12 
44 
P1.4ICEXl 


1396 


80CL31/80CL51 


JRnJpl.0 
1 
VDD 


1RT!IP1.1 
2 
3 
PO.O/ADO 


1Iln'P1.2 
3 
PO.l/ADl 


IIlT!IPl.3 
4 
3 
PO.21AD2 


IRTfIpU 
5 
PO.31AD3 


INT7JP1.5 
6 
PO.41AD4 


IRTIP1.6 
7 
PO.51AD5 


1RTfIp1.7 
PO.6IADS 


RST 
3 
PO.7/AD7 


RXDlDATAIP3.0 1 
EX 


TXDlCLOCKIP3.1 
ALE 


1RTM'3.2 
1 
I'SEIl 


lRTlP3.3 
1 
P2.7/AI5 


TOP3.4 
P2.6IAI4 


T1P3.5 
1 
P2.51AI3 


W1!P3.6 
1 
P2.41AI2 


1lDP3.7 
1 


XTAL2 
1 
P2.21Al0 


XTALI 
1 
P2.l/AI 


VSS 
P2.O/AI 


82C150 
82C200 


P1.5J1RT'7 
1 


Pl.6IIIlT8 


Pl.7J1RT1 


RST 


P3.0IRXD 


NC 


P3.1/TXD 


P3.2JI1iITO 


P3.3I1RTl 


P3.4ITO 


P3.5ITI 


33 
PO.41AD4 


32 
PO.5lADS 


31 
PO.6IADS 


30 
PO.7/AD7 
EX 


NC 


ALE 


26 
I'SEIl 


25 
P2.7/AI5 


24 
P2.6IAI4 


P2.51A13 


2 
21 
1a:IO~::; 
l:!" •••• 0_ 
N 


~~;!;!>Z~~~~i 
~~)()( 
ll:ll:~~~ 


PO 
AD. 
CANH 


TXl 
AD3 
CANL 


TXO 
AD2 
V'of 


TEST 
ADl 


RXl 
Voo, 


RXO 
Vss2 


VSS2 
RX' 


P'O 


P15 


Pl' 


P83CL168 
P83CL167 


PIN 
P83CL268 
P83CL267 


26 
P57/RMC 
P57 


27 
D",'T/P40 
P40 


28 
CLKlP41 
P41 


29 
DIN/P42 
P42 


:( ::' 


~ 
~ 
0 
0 
(J 
~ 
UJ ~ 


UJ 
0 
UJ -' 
~ 
~ 
~ 0 
UJ 
f" 
f" 
(J IE 
II: 
'" 
il' 
0. 
0. 
0. 
0. > > x x 


6 
63 
2 6' 
6 
5 
5 
5 
5 
5 
5 
5 
5 


G 


P54IB 


VsstA 


VsstA 


HSYNC 


VSYNC 


RST 


EMUINOR 


P37 


QFP64 


P36 


P35T1 


P83CL168 
P34/TO 


P83CL167 
PP3211NT1N 


P83CL268 
P83CL267 
P32IINTON 


vooiA 


TEST 


P17IPWM7 


Pl6!PWM6 


P151PWMS 


P14/PWM4 


Pl3/PWM3 


P121PWM2 


P35fT1 


P34rro 


PP3211NT1N 


P32/1NTON 


vooiA 


TEST 


P161PWM6 


Pl5/PWMS 


Pl4!PWt.44 


P12JPWM2 


Pl1/PWMl 


Pl0IPWMa 


2 
2 
2 
2 
31 


(J 


~ ~ ~ '" 
0 ~i 
~ 


UJ 
00 
:> 
::; 
§ ~ 


UJ 
0::; 
> 
> ;: ;: 
~ => 
0 '" 
~ 
~ 
~ ~ 
0. 8 


(J 
0 
~ 
~ 
•... 
0. 
0. 
c: 
c: 


Voo 


Vss 


P47/AFC3 


P461AFC2 


P83CL168 
P83CL167 


PIN 
P83CL268 
P83CL267 


20 
P57/RMC 
P57 


21 
Dn',T/P40 
P40 


22 
CLKlP41 
P41 


23 
D1N/P42 
P42 
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80CE654/83CE654 


44 
34 


33 


11 
23 


12 
22 


Pin 
Function 
PIn 
Function 


1 
P1.5 
23 
P2.5IA13 


2 
P1.61SCL 
24 
P2.61A14 


3 
Pl.7/SDA 
25 
P2.7/A15 


4 
RST 
26 
Psm 


5 
P3.OIRxO 
27 
ALE 


6 
VSS4 
28 
VSS2 


7 
P3.11TxD 
29 
Ell 


8 
P3.2IIm1l 
30 
PO.7/AD7 


9 
P3.3IIIlTT 
31 
PO.61AD6 


10 
P3.4IT0 
32 
PO.5IADS 


11 
P3.5IT1 
33 
PO.41AD4 


12 
P3.6IWR 
34 
PO.31AD3 


13 
P3.7RU 
35 
PO.21AD2 


14 
XTAL2 
36 
PO.l/ADl 


15 
XTAL1 
37 
PO.OIAOO 


16 
VSSl 
38 
VDD2 


17 
VDDl 
39 
VSS3 


18 
P2.0IA8 
40 
P1.0 


19 
P2.1IA9 
41 
Pl.l 


20 
P2.21Al0 
42 
P1.2 


21 
P2.31A11 
43 
P1.3 


22 
P2.4/A12 
44 
P1.4 


PO.1/AD1 


PO.21AD2 


PO.31AD3 


PO.41AD4 


PO.SlAD5 


PM/ADS 


PO.7/AD7 


RxDlP3. 
1 
EXNpp 


30 
ALEIPRllG 


P2.7/A15 


P2.61A14 


P2.SlA13 


P2.41A12 


P2.31Al1 


P2.2JA10 


P2.1/A9 


P2.OIA8 


17 


18 
28 


Pin 
Function 
Pin 
Function 


1 
NC 
23 
NC 


2 
T2JP1.0 
24 
P2.OIAB 


3 
T2EXIP1.1 
25 
P2.11A9 


4 
Pl.2 
26 
P2.21Al0 


5 
Pl.3 
27 
P2.31Al1 


6 
Pl.4 
28 
P2.4/A12 


7 
Pl.5 
29 
P2.51A13 


8 
Pl.G 
30 
P2.61A14 


9 
Pl.7 
31 
P2.7/A15 


10 
RST 
32 
I'Srn 
11 
RxD1P3.0 
33 
ALEII'IroG 


12 
NC 
34 
NC 


13 
TxD1P3.1 
35 
EANpp 


14 
Im'01P3.2 
36 
PO.7/AD7 


15 
rnTf1P3.3 
37 
PO.61AD6 


16 
TOIP3.4 
38 
PO.51AD5 


17 
T11P3.5 
39 
PO.41AD4 


18 
WRlP3.6 
40 
PO.31A03 


19 
ROIP3.7 
41 
PO.21A02 


20 
XTAL2 
42 
PO.1IAD1 


21 
XTALl 
43 
PO.OIADO 


22 
VSS 
4. 
VCC 


VDD 


PO.OIADO 


PO.l/AD1 


PO.21AD2 


PO.31AD3 


P1.5 
PO.41AD4 


PO.SlAD5 


PO.61ADS 


PO.7/AD7 
a: 


N.C. 


I'Srn 


P2.7/A15 


P2.61A14 


T11P3.5 
P2.SlA13 


WI!IP3.6 
P2.41A12 


1!DIP3.7 
P2.31A11 


P2.21A10 


XTAL1 
P2.1/A9 


VSS 
P2.OIA8 


44 
34 


33 


11 
23 


12 
22 


Pin 
Function 
Pin 
Function 


1 
Pl.5 
23 
P2.51A13 


2 
Pl.6 
2. 
P2.61A14 


3 
P1.7 
25 
P2.7/A15 


4 
RST 
26 
I'Srn 


5 
RxD1P3.0 
27 
AL= 


6 
NC 
28 
NC 


7 
TxD1P3.1 
29 
EANpp 


8 
Im'OIP3.2 
30 
PO.7/AD? 


9 
rnTf1P3.3 
31 
PO.61AD6 


10 
T0IP3.4 
32 
PO.51AD5 


11 
n1P3.5 
33 
PO.41AD4 


12 
WRlP3.6 
34 
PO.31AD3 


13 
R01P3.7 
35 
PO.2!AD2 


" 


XTAL2 
36 
PO.l/ADl 


15 
XTALl 
37 
PO.OIADO 


16 
VSS 
38 
VCC 
17 
NC 
39 
NC 


18 
P2.OIAB 
40 
T2IP1.0 


19 
P2.1/A9 
., 
T2EXlPl.1 


20 
P2.21Al0 
.2 
Pl.2 


21 
P2.31Al1 
'3 
P1.3 


22 
P2.4/A12 
•• 


Pl.4 
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80CL41 O/83CL41 O' 
83C055/87C055 


44 
34 


Voo 
VpplTDACIPO.O 
vcc 
Po.o/ADO 
PROGIPWM1/PO.l 
P3.7 
33 


PO.l/ADl 
ASElJPWM2/PO.2 
P3.6 


PO.21AD2 
P3.5 


PO.31AD3 
P3.4 
11 
23 


PO.4/AD4 
P3.3IINTO 


PO.51ADS 
P3.2ITO 
12 
22 


PO.61AD6 
PWM7/PO.7 
P3.1nNTl 


PO.7/AD7 
P3.0 


Pin 
Function 
Pin 
function 
RST 
a: 
1 
P1.5IINT7 
23 
P2.51A13 
2 
P1.6IINT8ISCL 
24 
P2.61A14 
ALE 
3 
P1.7/1NT9ISDA 
25 
P2.7/A15 
4 
RST 
26 
l'SEN 
l'SEN 
5 
P3.0 
27 
ALE 
XTALl 


6 
NC 
28 
NC 


P2.7/A15 
7 
P3.1 
29 
E;J; 
BF 


8 
P3.2A1'lTll 
30 
PO.7/Ao7 


P2.61A14 
9 
P3.3II!lTl 
31 
PO.61AD6 
VCLK2 


10 
P3.4IT0 
32 
PO.51ADS 
11 
P3.5IT1 
33 
PO.4/AD4 
VCLKl 
P2.51A13 
12 
P3.6Nm 
34 
PO.31Ao3 


13 
P3.7/Fftl 
35 
PO.21AD2 
VSVNC 
P2.4/A12 
14 
XTAL2 
36 
PO.1/Ao1 
HSVNC 
P2.31All 
15 
XTAll 
37 
PO.lYADO 


16 
VSS 
38 
Voo 
P2.21Al0 
17 
NC 
39 
NC 
18 
P2.lYAB 
40 
Pl.OIINT2 


P2.1/A9 
19 
P2.1/A9 
41 
Pl.1I1NT3 
20 
P2.21A10 
42 
Pl.2/INT4 
P2.0 


P2.OIA8 
21 
P2.31Al1 
43 
Pl.3IlNT5 
22 
P2.41A12 
44 
P1.4IINT6 


VSS 


Pl.6 
and 
Pl. 7 
have 
the 
alternate 


functions 
SCL and 
SDA, 
respectively, 
on 


the 
80CL4l O/83CL4l O. 
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80C451/83C451/87C451 
80C550/83C550/87C550 


61 


10 
60 


PO.lIA01 


26 
44 


PO.41AD4 


27 
43 


PO.61A06 


Pin 
Function 
Pin 
Function 


1 
EAA!pp 
35 
RST 


2 
P2.OIAB 
36 
P3.OIRxO 


EAA!pp 
3 
P2.1/A9 
37 
P3.11TxO 
4 
P2.21Al0 
38 
P3.2IffiTO 
ALEII'Illm 


5 
P2.31Al1 
39 
P3.3IIIm" 
6 
P2.4/AI2 
40 
P3.4fTO 
7 
P2.5/A13 
41 
P3.5lTl 
8 
P2.61A14 
42 
P3.6IWR 


9 
P2.7/A15 
43 
P3.7/1lO 


10 
PO.l/AD? 
44 
P5.0 
P2.S1AI3 


11 
PO.61AD6 
45 
PS.l 


12 
PO.5/AD5 
46 
PS.2 


13 
PO.4/AD4 
47 
PS.3 


14 
PO.31AD3 
48 
P5.4 


15 
PO.21AD2 
49 
P5.5 
16 
PO.l/ADl 
50 
P5.6 


17 
PO.OIAOO 
51 
P5.7 
18 
Vcc 
52 
XTAL2 
P2.OIA8 


19 
P4.7 
53 
XTALl 
20 
P4.6 
54 
Vss 
21 
P4.5 
55 
OIlS 
40 


22 
P4." 
56 
lllS 
23 
P4.3 
57 
BFLAG 
39 


24 
P4.2 
58 
AFLAG 


25 
P4.1 
59 
P6.0 
26 
P4.0 
60 
P6.1 
17 
29 


27 
Pl.D 
61 
P6.2 
28 
Pl.l 
62 
P6.3 
18 
28 


29 
Pl.2 
63 
P6.4 
30 
Pl.3 
64 
P6.5 


31 
Pl.4 
65 
P6.6 
Pin 
Function 
Pin 
Function 
Pin 
Function 


32 
Pl.5 
66 
P6.7 
1 
AVec 
16 
P3.2IffiTO 
31 
P2.61A14 


33 
Pl.6 
67 
P'SEfI 
2 
Vref+ 
17 
P3.3IIIm" 
32 
P2.7/A1S 
3 
Vref- 
18 
P3.4fTO 
33 
P'SEfI 
34 
Pl,? 
68 
ALEII'Illm 
4 
AVss 
19 
P3.5IT1 
34 
ALEII'Illm 
5 
Pl.OIADCO 
20 
P3.6IWR 
35 
EAA!pp 


6 
Pl.1/AOCl 
21 
P3.7/1lO 
36 
PO.7/AD7 
7 
Pl.2/ADC2 
22 
XTAL.2 
37 
PO.61AD6 
8 
Pl.31ADC3 
23 
XTALl 
38 
PO.51AD5 
9 
Pl.41ADC4 
24 
Vss 
39 
PO.41AD4 
10 
Pl.51ADC5 
25 
P2.OIAB 
40 
PO.31A03 
11 
Pl.eJADC6 
26 
P2.1/A9 
41 
PO.21AD2 
12 
Pl.7/ADC7 
27 
P2.21Al0 
42 
PO.l/AD1 


13 
RST 
28 
P2.31Al1 
43 
PO.OIADO 
14 
P3.OIRxD 
29 
P2.4/A12 
44 
Vcc 


15 
P3.1/TxD 
30 
P2.5/A13 
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80C59V83C59V87C592 


Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 


1 
P5.OIADCO 
35 
XTAL1 
1 
P4.1/CMSRI 
41 
P2.31A11 


2 
Voo 
36 
Vss 
2 
P4.21CMSR2 
42 
P2.4/A12 
Function 
Pin 
Function 
Pin 


3 
STADe 
37 
VSS 
3 
NC 
43 
NC 


1 
P5.OIADCO 
35 
Vss 
4 
I'W!lO 
38 
NC 
4 
P4.31CMSR3 
44 
NC 


5 
P4.4/CMSR4 
45 
P2.5/A13 
2 
Voo 
36 
P2.OIAD8 
5 
I'wm 
39 
P2.OIAD8 


6 
EW 
40 
P2.1/A09 
6 
P4.5ICMSRS 
46 
P2.61A14 
3 
STADe 
37 
P2.1/AOO 


7 
P4.OICMSRO 
41 
P2.2JA10 
7 
P4.6ICMTO 
47 
P2.7/A15 
4 
I'W!lO 
38 
P2.21Al0 


8 
P4.1/CMSR1 
42 
P2.31Al1 
8 
P4.7/CMTl 
48 
PSm 
5 
I'wm 
39 
P2.31Al1 


9 
P4.2ICMSA2 
43 
P2.4/A12 
9 
RST 
49 
AL= 
EW 
40 
P2.41A12 
6 


10 
P4.31CMSR3 
44 
P2.S1A13 
10 
Pl.OICTOI 
50 
EANpp 


7 
P4.OICMSRO 
41 
P2.5/A13 


11 
P4.4/CMSA4 
45 
P2.61A14 
11 
Pl.1/CT11 
51 
PO.l/AD? 
42 


12 
Pl.2ICT21 
52 
PO.61AD6 
8 
P4.1/CMRSI 
P2.61A14 
12 
P4.5/CMSA5 
46 
P2.7/A15 


13 
P4.61CMTO 
47 
PSm 
13 
P1.31CT31 
53 
PO.51AD5 
9 
P4.2CMSR2 
43 
P2.7/A15 


14 
P4.7/CMT1 
48 
AL= 
14 
P1.41T2 
54 
PO.4/AD4 
10 
P4.31CMSR3 
44 
PSm 


15 
RST 
49 
EANpp 
15 
P1.5/RT2 
55 
PO.31AD3 
11 
P4.4/CMSR4 
45 
AL= 


16 
P1.OICTOI 
50 
PO.7/A07 


16 
Pl.61SCL 
56 
PO.2JAD2 
12 
P4.5/CMSR5 
46 
FfiJVpp 


17 
P1.1/CTlI 
51 
PO.61AD6 
17 
P1.7/SDA 
57 
PO.l/ADl 
13 
P4.61CMTO 
47 
PO.l/AD7 


18 
Pl.2ICT21 
52 
PO.5/A05 
18 
P3.OIRxD 
58 
PO.OIADO 


19 
P3.1fTxD 
59 
AVref- 
14 
P4.7/CMT1 
48 
PO.61AD6 


19 
Pl.3ICT3I 
53 
PO.4IAD4 


P3.2!Im1l 
15 
RST 
49 
PO.5/AD5 


20 
Pl.4IT2 
54 
PO.31A03 
20 
60 
AVref+ 


21 
Pl.5/RT2 
55 
PO.21A02 
21 
NC 
61 
AVSS 
16 
Pl.OICTOIIINT2 
50 
PO.4/A04 


22 
Pl.61SCL 
56 
PO.l/ADl 
22 
NC 
62 
NC 
17 
Pl.1/cntllNT3 
51 
PO.31A03 


23 
Pl.7ISDA 
57 
PO.OIADO 
23 
P3.3ITf'lTl 
63 
AVOD 
18 
Pl.21CT2t11NT4 
52 
PO.21A02 


24 
P3.OIRxD 
58 
AVref- 
24 
P3.4fTO 
64 
PS.7/ADC7 
19 
P1.31CT3InNT5 
53 
PO.1/A01 


25 
P3.1fTxD 
59 
AVref. 
25 
P3.5!Tl 
65 
P5.61ADC6 
20 
Pl.4IT2 
54 
PO.OIADO 


26 
P3.2!Im1l 
60 
AVSS 
26 
P3.6IWIl 
66 
P5.51ADCS 
21 
Pl.5IRT2 
55 
REF 


27 
P3.3ITf'lTl 
61 
AVOO 


27 
P3.7/1lO 
67 
P5.4/AOC4 
22 
CVss 
56 
CRXl 


28 
P3.4fTO 
62 
PS.7/AOC7 
28 
NC 
68 
P5.31ADC3 


29 
NC 
69 
PS.21ADC2 
23 
Pl.6ICTXO 
57 
CRXO 


29 
P3.5IT1 
63 
P5.6IAOCS 


P3.6IWIl 
30 
NC 
70 
P5.1/ADCl 
24 
P1.7/CTX1 
58 
AVref- 


30 
64 
P5.5/ADC5 


31 
P3.7/1lO 
65 
P5.4/ADC4 
31 
XTAL2 
71 
P5.OIADCO 
25 
P3.OIRxO 
59 
AVref+ 


32 
NC 
66 
P5.31ADC3 
32 
XTAl1 
72 
VDO 
26 
P3.1TxO 
60 
AVss 


33 
NC 
67 
P5.21ADC2 
33 
IC 
73 
IC 
27 
P3.2!Im1l 
61 
AVoo 


34 
XTAl2 
68 
P5.1/ADCl 
34 
VSS 
74 
STADC 
28 
P3.3ITf'lTl 
62 
PS.7/AOC7 


35 
VSS 
75 
I'W!!O 
29 
P3.4ITO 
63 
P5.61ADC6 


36 
VSS 
76 
I'wm 
30 
P3.5fTl 
64 
P5.5/ADC5 


37 
NC 
77 
EW 
31 
P3.6IWIl 
65 
P5.4/ADC4 
38 
P2.OIA08 
78 
NC 
32 
P3.7/1lO 
66 
P5.31ADC3 
39 
P2.1/A09 
79 
NC 
33 
XTAL2 
67 
40 
P2.21A10 
80 
P4.OICMSRO 
P5.21ADC2 


34 
XTAl1 
68 
P5.1/AOC1 
NC = nol connected 
IC= intemally connected 
(do not use) 
. 
P1.6 and 
P1.7 
have 
the alternate 
functions 
SCL 
and 
SDA, 
respectively, 
on the BOC5521B3C5521B7C552. 


Pln 
function 
Pln 
Function 


1 
AVref- 
41 
P3.OIRXDIDATA 


2 
AVref. 
42 
P3.1fTXDlCLOCK 


3 
AVSS1 
43 
P3.2I1RTll 


4 
AV[)(H 
44 
P3.3III'm" 


5 
P5.7/N>C7 
45 
P3.<OIT0 


6 
P5.6/N>C6 
46 
P3.5ITI 


7 
PS.51N>C5 
47 
P3.6NIR 


6 
PS.41N>C4 
46 
P3.7/RO 


9 
P5.31N>C3 
49 
NC 


10 
P5.21N>C2 
50 
NC 


11 
P5.1/N>Cl 
51 
XTAL2 


12 
PS.OIN>CO 
52 
XTALI 


13 
VSSI 
53 
VOO3 
14 
VODl 
54 
VSS3 
15 
ADEXS 
55 
P2.0IA6 


16 
PW!ln 
56 
P2.1/A9 


17 
PWQf 
57 
P2.21A10 


16 
EW 
56 
P2.3/All 


19 
P4.OICMSRO 
59 
P2.41AI2 


20 
P4.1/CMSAI 
60 
P2.5I'A13 


21 
P4.2ICMSA2 
61 
P2.61AI4 


22 
P4.3ICMSA3 
62 
P2.7/AI5 


23 
ASTOUT 
63 
PS'ER 


24 
P4.4/CMSA4 
64 
ALEIWE" 


25 
P4.5ICMSA5 
65 
Ell: 


26 
P4.6ICMTO 
66 
VOO4 
27 
P4.7/CMT1 
67 
VSS4 


26 
VD02 
66 
PO.7/AD7 


29 
V••• 
69 
PO.61AD6 


30 
ASTIN 
70 
PO.51AD5 


31 
Pl.OICTOIIINT2 
7' 
PO.41AD4 


32 
Pl.l/CTlIIINT3 
72 
PO.31AD3 


33 
Pl.2ICT2I11NT4 
73 
PO.21AD2 


34 
Pl.3ICT3I11NT5 
74 
PO.lIAD1 


35 
P1.41T2 
75 
PO.OIADO 


36 
Pl.5lAT2 
76 
AVD02 


37 
Pl.6 
n 
AV••• 
36 
Pl.7 
76 
XTAL3 


39 
SCL 
79 
XTAL4 


40 
SDA 
60 
SELXTALI 


• only 89CE558 with alternative function 
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44 
34 


Voo 
39 


33 


PO.lIIADO 


PO.1/AD1 


PO.21AD2 
11 
23 
17 
29 
PO.31AD3 


PO.41AD4 
18 
28 


12 
22 


PO.51AD5 


Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 


PD.6/AD6 
1 
NC 
23 
NC 
1 
P1.51CMP2ICEX2 
23 
P2.5/A13 


PO.71AD7 
2 
T2IP1.OICMPO+ 
24 
P2.OIAB 
2 
P1.SJCMP3ICEX3 
24 
P2.61A14 


3 
T2ExtP,.1/CMPo- 
25 
P2.1/A9 
3 
P1.71CEX4 
25 
P2.7/A15 


~PP 
4 
P'.2lECI 
26 
P2.21Al0 
4 
IlST 
26 
l'SER 


ALEII'RllG 
5 
P1.31CMPOICEXO 
27 
P2.31Al1 
5 
AxD1P3.0 
27 
ALEJ!'ROO 


6 
P' .4/CMP1/CEX' 
28 
P2.4/A12 
6 
NC 
28 
NC 


I'SEJil 
7 
P1.5ICMP2ICEX2 
29 
P2.5IA13 
7 
Tx01P3.1 
29 
~PP 


P2.7/A15 
8 
Pl.6ICMP3ICEX3 
30 
P2.6IA14 
8 
1IlTOIP3.2 
30 
PO.l/AD7 


9 
P1.71CEX4 
31 
P2.7/A15 
9 
TI'ITl1P3.3 
31 
PO.61AD6 


P2.61A14 
10 
IlST 
32 
l'SER 
10 
T0IP3.4/CMPR- 
32 
PO.5/AD5 


" 
RxD/P3.0 
33 
ALEJ!'ROO 
" 


T11P3.5/CMP1+ 
33 
PO.41AD4 
P2.51A13 
'2 
NC 
34 
NC 
'2 
WRlP3.6/CMP2+ 
34 
PO.3/AD3 


P2.41A12 
'3 
TxDIP3. , 
35 
EAtvPP 
13 
RnIP3.7/CMP3+ 
35 
PO.21AD2 


14 
1IlTOIP3.2 
36 
PO.l/AD7 
14 
XTAL2 
36 
PO.l/AD1 
P2.31Al1 
TI'ITl1P3.3 
37 
15 
XTAll 
37 
PO.OIADO 
'5 
PO.SJAD6 


P2.21Al0 
'6 
TCVP3.4ICMPA- 
38 
PO.51AD5 
'6 
VSS 
38 
VCC 


17 
nIP3.SleMP1+ 
39 
PO.41AD4 
17 
NC 
39 
NC 
P2.1/A9 
18 
WR!P3.6ICMP2+ 
40 
PO.31AD3 
18 
P2.OIA8 
40 
T2IP1.OICMPO+ 
P2.lIIA8 
19 
ROIP3.71CMP3+ 
41 
PO.21AD2 
'9 
P2.lIA9 
41 
T2EXlP1.1/CMPo- 


20 
XTAL2 
42 
PO.1/AD' 
20 
P2.21Al0 
42 
P1.2lECI 


2' 
XTAl1 
43 
PO.OIAOO 
2' 
P2.3IA11 
43 
P' .31CMPOICEXO 
22 
VSS 
44 
VCC 
22 
P2.41A12 
44 
Pl,4/CMPl 
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44 
34 


+VREpAVCC 
, 
VDD 


33 
-VREpAVSS 
PO.OIADOIDBO 


(ADINO) Pl.0 
3 
PO.l/AD,IDB, 


(AOtN') 
Pl., 
4 
PO.21AD2IDB2 


11 
23 
(AOtN2) 
Pl.2 
5 
PO.31AD3IDB3 
17 
29 


(ADIN3)Pl.3 
PO.4IAD4IDB4 
11 
21 
12 
22 
(ADIN4) 
Pl.4 
7 
PO.51ADSlDB5 


8 
PO.61AD81DB6 
Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 
(AOtN5) 
Pl.5 


NC 
1 
ADlN3IP'.3 
23 
P2.51A'3IT2K:S 
1 
NC 
23 
RST 
PO.7/AD7IDB7 
2 
+VREF/AVCC 
24 
P2.OIABICEXC>'CMPO 
2 
ADIN4IP,.4 
24 
P2.61A'4A::EX4I 
Pv.Ml 
RxDIP3.0 , 
EJWpp 
3 
-VREpAVSS 
25 
P2.lIA9ICEX'/cMP1 
3 
ADIN5IPl.5 
25 
P2.7/A151PWM'~CI 


AlEll'ROO 
4 
ADINOIP'.O 
26 
P2.21A lC>'CEX2ICMP2 
4 
RST 
26 
I'SE!I 
TxDIP3.' 


P2.31Al,.cEXM:MP3 
AlEll'ROO 
5 
AOIN11P1.1 
27 
5 
RxDlP3.0 
27 
CMP3+J1RTOIP3.2 
I'SEI'l 
6 
AOIN2IP1.2 
28 
P2.4IA'2!T2EXlAO 
6 
NC 
28 
NC 


P2.7/Al51 
7 
ADIN3IP'.3 
29 
P2.51A'3IT2ICS 
7 
TXDlP3.1 
29 
EJWpp 
CMP2+AlnT1P3.3 
1 


PWMIECI 
8 
ADIN4IP1.4 
30 
P2.61A14A::EX4<1'WMQ 
8 
1m'0IP3.2 
30 
PO.7/AD7IDB7 


CMP1+ITCWP3.4 
P2.61Al41 
9 
ADIN5IP1.5 
3' 
P2.7/Al5/PWM1/ECI 
1m"1P3.3 
3' 
PO.6IAD6IDB6 
CEX4IPWMO 
9 
'0 
RST 
32 
I'SE!I 
10 
T0IP3.4/CMPR- 
32 
PO.51ADSlDB5 
CMPR-I1T11P3.5 
P2.5/A 
13IT2ICS 
11 
AxD1P3.0 
33 
ALEII'ROO 
11 
T11P3.SICMP1+ 
33 
PO.4IAD4IDB4 


CMP0+JWRIP3.6 
1 
P2.4IAl21 
12 
NC 
34 
NC 
'2 
WRlP3.6ICMP2+ 
34 
PO.31AD3IDB3 
T2EX1AO 


'3 
TxDIP3.1 
35 
EJWpp 
'3 
RUIP3.7CMP3+ 
35 
PO.21AD2IDB2 
CMPO-IRUIP3.7 
1 
P2.31Al1/ 
CEXM:MP3 
'4 
1m'0IP3.2ICMP3+ 
36 
PO.7/AD7IDB7 
'4 
XTA12 
36 
PO.lIA01/DBl 
P2.2JA10i 
'5 
lm"IP3.3ICMP2+ 
37 
PO.6IAD6IDB6 
'5 
XTAll 
37 
PO.OIAD01DBO 
CEX2ICMP2 


'6 
TQ(p3.4/CMPl 
+ 
38 
PO.51ADSlDB5 
38 
P2.lIA9/ 
'6 
VSS 
Vcc 
CEX1/CMP' 
17 
T11P3.51CMPR- 
39 
PO.41AD4ID84 
17 
NC 
39 
NC 
P2.OIA8I 
'8 
WRiP3.61CMPO+ 
40 
PO.31AD3IDB3 
'8 
P2.OIABICEXOI 
40 
+VREPAVCC 
CEXOICMPO 
'9 
RUIP3.7.cMPO- 
4' 
PO.21AD2IDB2 
CMPO 


20 
XTA12 
42 
PO.lIAD,IDB, 
'9 
P2.1IA9.cEXlI 
4' 
-VREPAVSS 


2' 
XTAl, 
43 
PO.O/AOOIDBO 
CMPl 


44 
20 
P2.21A,OICEX2I 
42 
ADINOIPLO 
22 
VSS 
VCC 
CMP2 


2' 
P2.31Al1/CEX3I 
43 
AOIN11P1.1 


CMP3 


22 
P2.4/A12fT2EXlAO 
44 
ADIN2IP'.2 
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83C751/87C751 
83C752187C752 
P8xCE598 


P3.41A4 
I 
Vcc 
Vcc 


P3.51A5 
P3.51A5 


P3.61A8 
P3.61A8 


P3.I/AI/AQ 
4 
P3.7/A7 
P3.7/A7 


P1.7n'0ID7 
PO.4IPWM 
OllT 


PO.2Npp 
8 
PI.6IIRTT1D6 
PO.3 


07~~~7 


PI.5IIR'I1IID5 
PI.7rr0lD7 


PO.ClISCLJ 
PI.41D4 
Pl.6IIRTT/D8 


ASEL- 
Pin 
Function 
Pin 
Function 


RST 
Q 
PI.3ID3 
Pl.5IIR11iID5 
1 
AVref- 
41 
P3.OIRXD 


P1.2ID2 
2 
AVref. 
42 
P3.1nxO 


X2 
AVCC 
3 
AVss 
43 
P3.2JIIrnl 


XI 
PI.IIDI 
AVSS 
4 
AVoo1 
44 
P3.3IIRTf 


5 
PS.7/ADC7 
45 
P3.4n"O 


Vss 
PUliDO 
PI.41ADC41D4 
6 
P5.61A0C8 
48 
P3.5fTl 


PI.31ADC3ID3 
7 
P5.51ADC5 
47 
P3.6II"IR 


8 
PS.4/ADC4 
48 
P3.7/RO 


PI.21ADC2ID2 
• 
P5.31ADC3 
4 • 
NC 


10 
P5.21ADC2 
50 
NC 


26 
11 
P5.1/AOCl 
51 
XTAL2 


25 


12 
P5.OIADCO 
52 
XTAl1 


26 
13 
Vss1 
53 
V003 


25 
14 
VODl 
54 
VSS3 


15 
STADC 
55 
P2.0IAD8 


\I 
Ie 
16 
J'WQlj 
56 
P2.1IA09 


17 
PWm 
57 
P2.21A010 


12 
18 
11 
Ie 
18 
~ 
58 
P2.31AD11 


I. 
P4.OICMSRO 
59 
P2.41A012 


Pin 
Function 
Pin 
Function 
12 
18 
20 
P4.1/CMSRl 
60 
P2.51ADI3 


1 
P3.4/A4 
15 
Pl.OIDO 
21 
P4.2ICMSR2 
61 
P2.61ADI4 


2 
P3.31A3 
16 
P1.1!Dl 
Pin 
Function 
Pin 
Function 
22 
P4.3ICMSR3 
62 
P2.7/ADI5 


3 
P3.21A21Al0 
17 
P1.21D2 
1 
P3.41A4 
15 
Pl.21ADC21D2 
23 
NC 
63 
PSEIiI 


4 
P3.lIAlIA9 
18 
P1.3!D3 
2 
P3.31A3 
16 
Pl.3IADC3ID3 
24 
P4.4/CMSR4 
64 
AlE/PROO" 
3 
P3.21A21Al0 
17 
Pl.4/ADC4/D4 


5 
N.C. 
19 
P1.41D4 
4 
P3.lIA1/A9 
18 
AVss 
25 
P4.5ICMSR5 
65 
EANpp' 
6 
P3.OIAOIAS 
20 
Pl.51l1rnl1D5 
5 
P3.OIAOIAS 
19 
AVec 
26 
P4.5/CMTO 
66 
NC 
7 


~:b~OE-PGM 
• 


21 
N.C. 
6 
PO.2Npp 
20 
P1.5iIIrnlID5 
27 
P4.7/CMTI 
67 
NC 
8 
22 
N.C. 
7 
PO.l/SDAlOE-PGM 
21 
P1.6I1m'T1D6 


9 
PO.OISCLJASEl· 
23 
P1.61l1'1TflD6 
8 
PO.OISCLJASEl 
22 
Pl.7fT0ID7 
28 
VSS2 
68 
PO.7/AD7 


10 
N.C. 
24 
P1.7fT0ID7 
9 
RST 
23 
PO.3 
2. 
V002 
69 
PO.61A06 


11 
RST 
25 
P3.7/A7 


10 
X2 
24 
PO.4/PWM 
OUT 
30 
RST 
70 
PO.51ADS 
11 
XI 
25 
P3.7/A7 


12 
X2 
26 
P3.61A6 
12 
Vss 
26 
P3.61A6 
31 
Pl.OICTOIIINT2 
71 
PO.4/AD4 


13 
XI 
27 
P3.51AS 
13 
P1.OIADCOIDO 
27 
P3.51AS 
32 
Pl.1/CTlIIINT3 
72 
PO.31AD3 
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